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What’s Inside...

From the desk of the Department Head
Welcome to spring semester at Minnesota.  While the 
outdoors may be cold and icy, Akerman Hall is once 
again teeming with students and faculty who are looking 
forward to the semester ahead. As we close the calendar 
on 2016, we are reminded of all the successes in the 
Department. As always, we have another impressive 
group of scholarship recipients to congratulate for their 
hard work and dedication to their studies. And speaking 

of impressive, the senior class has once again overcome countless 
challenges to put together a fantastic set of design projects. Descriptions of 
each group’s design project can be seen on pages six and seven.
 

In October, the Department had the honor of hosting a tour of Akerman Hall 
and a reception for attendees of the fall Aerospace Control and Guidance 
Systems Committee (ACGSC) meeting. The reception was held in memory of 
the late Gary J. Balas, former AEM Department Head and former chair of the 
ACGSC.  Gary was an active participant in this group and always shared the 
department’s successes with them at their meetings. It was really special to 
have them visit and see for themselves the research and teaching activities 
in the department (not to mention the hangar!).

This spring also marks an important transition in the department. Professor 
Bill Garrard has stepped down as the head of the Minnesota Space Grant, in 
preparation for his retirement at the end of the spring semester. Professor 
Demoz Gebre-Egziabher will be taking over the role as director, which Bill 
held for the past 25 years. Bill has made the MN Space Grant into one of the 
top programs in the country and we are deeply grateful for all he has done 
for the Department. 

As always, thank you donors, friends, and alumni for your commitment 
to the AEM Department. Whether you provide a monetary donation or a 
donation of your time, serving on our Advisory Board, participating in our 
annual career panel, or mentoring our students, we are truly honored and 
grateful to receive your support.  

Perry Leo
Department Head
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Professor Garrard working with students in 1995

and faculty were able to connect and 
network at a reception in the atrium.

The panel of five guests included 
Kristin Gerzina of Orbital ATK, and 
Chuck Wiplinger of Wipaire, Inc., as 
well as three members of the AEM 
advisory board, Brian Naslund of UTC 
Aerospace Systems, Cecilia Ortiz of 
Delta Airlines, and Adam Thoreen 
of Boeing. The department would 
like to thank each guest for their 
commitment to supporting the next 
generation of aerospace engineers. 

Students receive 
career advice from 
professionals 
Students received answers to many 
of their questions regarding a future 
career in aerospace engineering 
and mechanics at the annual AEM 
Career Panel and Networking event. 
The event was held on October 26th, 
2016, in the Gary J. Balas atrium, and 
featured a panel of five professionals. 
Following the discussion, the students 

The Department of Aerospace Engineering and Mechanics thanks the 
many generous alumni, faculty, companies, and friends listed below for 
their donations and commitments to support the department and our 
students. This list includes gifts received year-to-date (January 1, 2016 – 
December 31, 2016).  We are so grateful for your support.

For more information on giving or alumni involvement 
opportunities, please visit our web page at www.aem.
umn.edu/alumni, or contact Kathy Peters-Martell at 
kpeters@umn.edu  or 612-626-8282 in the College of 
Science and Engineering Dean’s Office.
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Bill Garrard retires as Director of NASA’S MnSGC after 25 years

On January 2, 2017, long-time Minnesota Space Grant Consortium (MnSGC) Director, Professor 
Bill Garrard, stepped down from that role in preparation for his retirement at the end Spring 
Semester 2017. Professor Demoz Gebre-Egziabher will serve as the new MnSGC Director.  As 
an era comes to end, the Department would like to acknowledge Bill Garrard for all that he has 
done to make the MnSGC one of the top Space Grant programs in the country. 

Bill was central to the MnSGC since it began in 1989. He helped write the original proposal, 
then served in the role of Space Grant Director for all but the very first year. Under his guidance, 
the consortium was in the very first group of states to be elevated from “Program Grant” to 

“Designated” status—the highest possible funding level. He served as Chair of the National Council of Space Grant 
Directors from 2006-2008 and has been on the National Space Grant Executive Committee ever since, continuing 
to help advise and steer Space Grant policy at a national level.

At the state level, Bill oversaw the expansion of the consortium from the original three institutional affiliates to the 
current 14 affiliates, with occasional projects involving additional (non-affiliate) colleges and universities around 
the state. One recent project of the latter type, which was Bill’s idea, was the “MnSGC Quadcopter Competition for 
Community Colleges” in which student teams from five community colleges around the state built quadcopters 
from kits, learned to fly them, then customized them to “explore” an unknown indoor environment (a bit like NASA 
sending rovers to Mars to explore that environment). This competition brought community colleges to the U of MN 
for their fly-off in the spring of 2015 and 2016.

Bill was particularly effective as a Space Grant director because of his 
commitment to share MnSGC funding and resources with affiliates 
around the state, promoting activities in curriculum development, hands-
on student aerospace build projects, teacher workshops, and outreach, 
not just research and not just activities at the U of MN. His strategies 
were well-regarded by MnSGC affiliates and NASA Headquarters alike. 
James Flaten, ongoing MnSGC Associate Director, simply says, “Bill 
was great to work for and work with—he will be sorely missed!”
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AEM department welcomes visitors 
from semi-annual aerospace controls 
meeting

On October 19th through the 21st, the Aerospace Control 
and Guidance Systems Committee (ACGSC) hosted their 
fall meeting at the University of Minnesota campus. The 
worldwide organization is made up of aerospace controls 
leaders from industry, government, and academia who 
meet twice a year to hear invited presentations on a 
variety of aerospace controls topics. In addition to these 
presentations, attendees of the fall meeting were also 
given a tour of AEM lab facilities, followed by a reception 
and poster session in the Gary J. Balas Atrium. 

Former AEM Department Chair and Distinguished 
McKnight University Professor, Dr. Gary Balas was a very 
active member in the organization, and served as its 
chairman from 2009-2010. The ACGSC elected to hold 
their fall meeting at the University of Minnesota in part 
to honor Dr. Balas, who passed away in November of 
2014. The reception in the Balas Atrium was held in his 
memory. 

On the afternoon of October 20th, ACGSC meeting 
attendees received a tour of the AEM Hypersonics Lab, 
UAV Lab, and HASP Lab, and were shown Wind Tunnel 
and Water Tunnel Experiments. The attendees continued 
to interact with students and faculty at the poster session 
and reception following the tours. Poster presentations 
and exhibits in the atrium included graduate student 
posters, High Altitude Ballooning, Liquid Propellant 
Rocket Design, UMN Rocket Team, as well as CanSat 
and CubeSat groups.
 
AEM Professor, Peter Seiler, along with the help of 
Professor John Weyrauch and Donna Rosenthal, 
coordinated the visit to the AEM department. The visit 
proved to be a great success, as a number of meeting 
attendees expressed their surprise at seeing such strong 
research activity throughout the department. Professor 
Seiler also heard from many attendees that they 
enjoyed interacting with students throughout the poster 
presentations and exhibits, and were impressed to see 
how many extracurricular and research activities AEM 
students are involved in.  

First-year graduate student already 
has successes to celebrate

Among an outstanding group of new graduate students, 
Jordan Hoyt stands out. Jordan received the 2016 NSF 
Graduate Research Fellowship after earning his B.S. in 
Mechanical Engineering from the University of Tulsa this 
past spring. Jordan is working with Professor Seiler on 
wind turbine control systems and potentially on neural 
network controls of wind farms with a former U of M AEM 
PhD, Jen Annoni, who now works at the National Wind 
Technology Center (NWTC).

Jordan’s interest in wind research and wind farms was 
piqued when he had the opportunity to intern at the 
NWTC. After his time as a “windtern”, he changed his 
focus from conducting concentrated solar/thermal 
power research, which he had been pursuing throughout 
most of his undergrad, to wind energy controls research. 

His interest in this niche of research was what led him to 
the AEM graduate program. Jordan says, “I only applied 
to five places in the world I could find that had the type of 
wind energy controls research I wanted to do: Colorado, 
Netherlands, Denmark, Germany, and Minnesota. The 
NSF made a compelling case for me to stay stateside 
with the GRFP though. After visiting, it became clear 
that the U of M was unmatched in regards to research 

caliber, reputation, world-wide collaboration, and 
access to state of the art wind tunnels at St. Anthony 
Falls Laboratory. It also helped that AEM has access to 
one of the largest controls research turbines.” 

Jordan is hopeful that five years of graduate school will 
help in deciding his future job prospects. As of now, 
Jordan can envision himself pursuing one of four career 
paths: (1) become a research professor of engineering 
for wind energy science at a university, (2) work in DC 
on the policy side of renewable energy engineering 
and sustainability or with the NSF, (3) continue as a 
researcher at the NWTC as a national lab researcher, 
or (4) go into industry as a wind energy engineer. 

Already, Jordan will be gaining valuable experience in 
the policy side of science and technology, as he was 
awarded the Christine Mirzayan Science & Technology 
Policy Graduate Fellowship from the National 
Academies of Sciences, Engineering, and Medicine in 
November. The fellowship program is a 12 week, hands-
on training and educational experience designed to 
engage Fellows in the process that informs U.S. science 
and technology policy. Fellows develop basic skills 
and know-how essential to working or participating in 
science policy at the federal, state, or local level.

In response to receiving the Fellowship, Jordan says, “I 
was excited to be accepted! I knew the past four and a 
half years of studying energy—from petroleum to solar 
to wind, made me a strong candidate to work with the 
National Academy of Sciences’ Board on Energy and 
Environmental Systems but there are always more 
strong candidates than positions with these sorts of 
things. I’m hopeful to gain experience in the policy 
making side of science through this fellowship and to 
hone my diverse research background for the purpose 
of making the National Academies in DC a potential 
career destination.” 

As he looks ahead to his next four and a half years 
at the U of M, Jordan adds, “avoiding the Minnesota 
winter and having a DC winter as a stepping stone to 
the northern cold has its benefits as well!”

The Department is looking forward to seeing all that 
Jordan will accomplish in his coming years at the 
University of Minnesota. 
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Rocket Attitude Control
Sponsor: Liquid Propellant 
Rocket Design team
• Stay within vertical attitude 

of 20° until V = 45 ft/s
• Once above 45 ft/s, variation 

may be up to 45°
• Rocket Thrust/Weight ~2
• Takeoff thrust ~1000 N

• Launch conditions: fair 
weather; crosswinds < 20 
mph

• Verifiable flight path angle 
for ground-operator for range 
safety

SAE Aero Micro
Sponsor: Society of Aerospace Engineers and UMN, 
William Garrard and John Weyrauch
• Hand launch from launch circle within 60 seconds 

of timer
• Fly around track, making two 180-degree turns
• Touch down in landing zone
• Must carry 1.5”x1.5”x5” payload that is fully 

enclosed
• Aircraft must be carried in 6” diameter container
• Must be electric powered, controlled by 2.4 GHz 

controller
• Score maximized for design with highest payload 

fraction

High Power Rocket Team
Sponsor: NASA Minnesota Space Grant and UMN, James Flaten
• Design and build adaptable single stage, dual deploy high-powered rocket
• Major Objective: obtain highest altitude above 3000 ft. with minimum 

difference in apogee using two different class motors
• Build a non-commercial data collection package

• Must sense and record direct measurements of velocity and altitude and store up looking and down 
looking video for each flight

• Recover the rocket and relaunch within 1 hour after recovery

Mapping Unmanned Aerial Vehicle
Sponsor: Sentera, Todd Colten
• Efficiently map a farm field with vehicle’s optical 

sensors
• Hand launch and skid landing in field
• Piloted takeoff and landing, automated flight for 

mapping field
• Two airframe designs/configurations; MAV:Rick & 

MAV:Roll

• Concept Demonstrator
• Based on MAV:Rick
• Simplified center body
• Flown without avionics
• Basswood elevons

Low-Cost Range Extension for Munition 
Sponsor: Orbital ATK, Shelly Uzpen and Joe Feigum
• Increase effective range of M395 guided mortar rounds

• Decrease risk to military personnel by increasing engagement 
distance

• Avoid costly redesign of 
entire round

• Complete sufficient 
analysis and testing to 
demonstrate design 
meets requirements

• Update the cost and 
system impact analysis

Xcel Energy Inspection UAV 1 & 2 
Sponsor: Xcel Energy, Scott Wambeke
• Same design goals for teams 1& 2
• Conduct inspections of indoor equipment via UAVs
• Obtain high quality photographs and videos of equipment
• Increase frequency of inspections and decrease costs
• Weight < 2.5 kg and fit through 24”x24” door
• ~20 minutes of flight time
• 4+ Rotors, inspection lighting for camera, propeller guards, gimbal mounted HD 

camera
• Altitude hold
• Beyond-line-of-sight flight

Senior design teams
Fall semester yielded challenging  
design projects for this year’s 
Aerospace Engineering and 
Mechanics senior class. The 
course was taught by Professors 
William Garrard and John 
Weyrauch. Several of the design 
groups will continue their work in 
the spring to prepare their projects 
for upcoming competitions. 
Project overviews can be 
seen below. 

CubeSat Attitude Determination & Control 
System
Sponsor: UMN, Demoz Gebre-Egziabher
• The USAF EXACT program shall place a 3U CubeSat 

in orbit in order to observe solar activity
• This team will develop and test an attitude 

determination and control system for EXACT
• Must determine attitude within ±10°
• Must have a pointing accuracy within ±25.8°
• All systems should be tested as thoroughly as possible in a lab 

environment
• Solar panels shall not be deployed for first 30 mins after separation 

from P-Pod
• No attitude maneuvers for first 30 mins after separation from P-Pod

UTAS Ice Nozzle
Sponsor: United Technologies Aerospace 
Systems, Brian Matheis and Mac Whalen
• Design and build ice crystal injection 

nozzle 
• improve ice content uniformity 

across the test section of the UTAS 
Advanced Icing Wind Tunnel

• Interface mechanically with the existing 
ice creation system

• Ice water content (IWC) uniformity of 
±20% of centerline value within ±4 
inches of test section center

• Repeatable IWC within ±10% at any 
given point

• No significant impact on tunnel 
parameters when not in use

• Performs for all operating conditions

RASC-AL Deep Space 
Airlock Design
Sponsor: NASA and National 
Institute of Aerospace and 
UMN, William Garrard and 
John Weyrauch
• Integrated with a deep 

space habitat by 2021
• Minimum operation of 

15 years
• Accommodate an EVA rate of one 2-person, 8-hour every day for 

3 consecutive days, for every 30 days
• Failure and Warning Detection and Alarms 
• Maintenance needs, replacement parts addressed
• Provide clear description of pre-/post-EVA and effects on 

equipment
• Futureproof technology

Team 1

Team 2

MAV:Rick

MAV:Roll
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Andrew Akerson Jeremy Anderson

Apurva Badithela Jesse DeFiebre

Rose Minkin Scholarship. I chose the AEM 
program because I love to solve problems 
using laws of physics and engineering, and 
because aerospace is, in my opinion, the 
most fulfilling field of engineering. I seek to 

use my mind to become a truly great engineer, and to design 
new marvels that will advance mankind’s ability to soar. The 
Rose Minkin scholarship will allow me to spend my time 
gaining knowledge and experience rather than struggling to 
remain financially stable. 

Chester Gaskell Aeronautical Engineering 
Scholarship. My academic interests are 
driven by the desire to learn about space 
travel and how to solve the challenges that 
come with it.  My ultimate goal is to work for 

NASA. Which I am well on my way to achieving, thanks in no 
small part to the knowledge and experience I have gained as 
a student in the AEM program. 

Deyu Deng Barbara Sampaio Felix

John and Robert McCollom Memorial 
Scholarship. I am very grateful to the 
donors and to the AEM department for 
their generous award as it will help fund 
my education. The BAEM program has 

enabled me to do undergraduate research with Professor 
Seiler’s research group, and secure research internships. 
After graduation, I want to attend graduate school for 
Aerospace Engineering, and I’m looking forward to continuing 
undergraduate research and taking tech electives to achieve 
that goal. 

AEM Program Initiatives Fund.  I chose to study aerospace engineering because designing a rocket or 
plane is incredibly interesting to me and is something that could change the course of our future. I hope 
to graduate with a degree in AEM and minors in Spanish Studies and Astrophysics. I like the aerospace 
program because it teaches fascinating, engineering-pertinent knowledge while incorporating opportunities 
to see these concepts in the real world.

Cole Galbraith

Chester Gaskell Aeronautical Engineering 
Scholarship. I am pursuing a career in 
the commercial space industry, and I’m 
glad to be at the University of Minnesota 
studying aerospace engineering with 

such a fantastic department! I love that the professors are 
interested in the development of the students and willing to 
give a personal touch to education in this department. I will 
be using this scholarship to help support my liquid propellant 
rocket engine project.

Dexter Groath Joshua Hemelgarn

Richard G. Brasket AEM Scholarship. 
As an Aerospace Engineering student, 
problem solving is an inherent desire. The 
enthusiastic faculty in the AEM department 
strive to challenge students to do just that. I 

hope to carry what I’ve picked up in the AEM program towards 
a career that requires me to apply critical thinking skills to 
practical yet innovative solutions.

 Benjamin Hiltbrand  Peter Humbert

Truc Huynh  Hyunuk In

 Michael Kroells

John and Robert McCollom Memorial 
Scholarship.  I am planning on attending 
graduate school for Aerospace Engineering 
in the fall of 2017, where I hope to get a 
PhD. I do not know exactly where I am going 

yet, but the University of Minnesota is one of my top choices; 
as an undergrad, I have really enjoyed the experience of being 
a part of the Aerospace department. This scholarship will 
help reduce my financial burden so I can focus on finishing 
my last year successfully.

 Austin Langford

Boeing Scholarship. The AEM program 
at the University of Minnesota has given 
me many opportunities to expand my 
education outside of the classroom, and it 
is these experiences that have made the 

University of Minnesota an excellent place to study aerospace 
engineering. I plan to enter the workforce upon graduation, 
hopefully working on projects related to spaceflight. The 
scholarship funds will help me finish my education at the 
University of Minnesota.

Robert H. & Marjorie F. Jewett Scholarship. 
I am a junior pursuing a summa cum laude 
honors degree in Aerospace Engineering 
with minors in Computer Science and 
Business Law. I am both humbled and 

grateful to receive the Robert and Marjorie Jewett scholarship, 
for the recognition of my dedication to academic pursuits is 
an incredible honor. Beyond my collegiate career, I hope to 
find a position that combines my areas of study within the 
aeronautical field. 

Robert H. & Marjorie F. Jewett Scholarship. 
My academic interest is, for now, mostly 
fluid dynamics. I am taking basic fluid 
mechanics class right now, and it seems 
very interesting.  After graduating the 

university, I am planning to go to the graduate school, because 
researching is fascinating work.  The greatest part of the AEM 
program is that it gives an opportunity to experience various 
engineering areas, so it helped me to decide which area of 
study is more suitable and interesting for me.

2016- 2017 Scholarship Recipients

Eric W. Harslem Scholarship. This 
scholarshsip will allow me to focus more my 
on classwork and searching for jobs, rather 
than on paying tuition. My primary interests 
are in aerodynamics and computational 

fluid dynamics, and I hope to find a career that allows me 
to focus on those areas. From the variety of classes and the 
combined knowledge of all the professors, as well as research 
opportunities and student groups, the AEM department is 
great for both learning and applying engineering tools, and I 
am very happy with my choice to study here.

Albert George Oswald Prize/Outstanding 
Research (CSE) & Lawrence E. Goodman 
Scholarship. I am in my last semester of 
undergrad in the Aerospace department 
here at the U of M. I am honored to receive 

this scholarship, and am grateful for the generosity of the 
donors. I plan on furthering my education by starting Graduate 
school next semester in the same department. I look forward 
to learning more from the brilliant faculty in the coming years.

Louis R. and Dona S. Wagner Aerospace 
Engineering and Mechanics Scholarship. 
I’m a senior in Aerospace Engineering 
and Mechanics. Being a student here is 
big chance for me to learn engineering 

fundamentals and to be able to apply them in designing and 
building, typically focusing on aerodynamics. I’m honored to 
receive this scholarship, which allows me to focus my energy 
more directly on my education and encourages me to work 
harder.

AEM Program Initiatives Fund. I have a 
passion for the designing systems and 
structures to bring the human population 
into the frontier of space. Creating efficient 
and effective systems to bring people to 

other planets is my drive to be an engineer. The AEM program 
teaches me what I need to know, as well as connecting me 
with aerospace leaders. With this award I am able to dedicate 
myself to becoming the best engineer that I can be.

Continued on page 14
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Boeing Scholarship. My goal is to impact 
people’s lives while working on meaningful 
engineering projects. I am excited to 
work on the engineering field creating 
more efficient and sustainable products. 

I am grateful to be a part of a program that offers me the 
opportunity to participate in extracurricular competitions and 
work with incredible professors & students. I am honored to 
have received the Boeing scholarship, which will allow me to 
focus more on my academics and extra projects.
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Coletti and team investigate particle-turbulence dynamics

How fast does rain fall? How fast does snow? After centuries looking at the sky and trying to make predictions on weather 

RESEARCH
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reliable fluid flow sensing and control in the 
context of human-engineered systems.  Their 
research is paving the way toward enhanced 
agility, situational awareness, and energy 
efficiency in flight vehicles and underwater 
robots alike.

Fluid flow control is especially difficult due 
to the complexity of the physical processes 
involved.  Sure, one can leverage advanced 
computational tools to simulate these 
flows, but the simulations often demand 
huge amounts of time and computational 
resources. Flow control strategies need to run 
in real-time.

How can one shift from representing a complex 
physical process, which requires millions of 
variables be tracked, to representing the same 
process with a significantly smaller number 
of variables—say ten—instead? And, how can 
this be done so that the low-order description 
is reliable and accurate with respect to the 
same physical process?  Simple, get rid 
of unnecessary variables and consolidate 
redundant ones. Hemati’s group calls this a 
“modal perspective” for low-order modeling. 
This simply means choosing variables and 
coordinate systems with the aim of minimizing 
redundancy and maximizing meaning.  Often, 
a simple caricature of the flow offers a 

foundation for extracting valuable insights 
and for developing effective control strategies.

The modal perspective for low-order modeling 
is a powerful one, especially with recent 
advances that enable the extraction of modal 
descriptions directly from empirical data.  
Hemati and graduate student Huaijin Yao are 
exploiting the modal perspective to shape 
fluid flows and to yield desirable response 
characteristics.  The team is currently using 
the framework to suppress transition to 
turbulence in shear flows, which will have a 
great impact on performance and efficiency in 
a wide range of systems.

Hemati’s team controls fluid 
flows by uncovering simplicity 
in complexity

Fluid flows are ubiquitous.  Flight vehicles, 
underwater robots, and energy harvesters 
all leverage interactions with their fluid 
environments to operate.  Although 
functionality of these systems requires 
interactions with a fluid environment, 
performance is often limited due to sub-
optimal interaction strategies.

Is it possible to do better?  Just look to nature, 
and the answer is immediate: of course!

Biological flyers and swimmers have a great 
capacity for interacting with and manipulating 
their fluid environments: insects skillfully flap 
their wings to interact with surrounding air in a 
manner that enables them to undergo highly 
agile maneuvers; migratory birds are able to 
coordinate their flight to take advantage of 
updrafts created by birds up ahead, resulting 
in aerodynamic benefits that make it possible 
to fly non-stop for exceptionally long periods 
of time; fish are able to detect hydrodynamic 
signals, such as pressure fluctuations, to 
navigate dark murky waters and to evade 
predators.  These creatures exhibit remarkable 
locomotive performance through elegant 
forms of fluid flow sensing and manipulation.  

Hemati’s team is exploiting systems and 
control theory to further understand the 
various mechanisms required to achieve 

Dye visualization of flow over a wing with “fast-
flap” actuation

Numerical flow simulations of a rapid pitching 
maneuver

Pressure distribution over a maneuvering F-16 

Phase portrait revealing the regimes of motion 
associated with an exotic wake

The team is also extending these perspectives 
to the problem of flow sensing.  Can limited 
sensor measurements be used to create a 
descriptive picture of the surrounding flow?

Indeed, in the marine environment, aquatic 
creatures have evolved mechanosensory 
organs that enable perception through 
hydrodynamic cues (e.g., pressure fluctuations) 
to better execute tasks such as obstacle 
avoidance.  Such hydrodynamic sensing 
capabilities also contribute to improved 
locomotive performance.

Prof. Hemati and graduate student Mengying 
Wang are creating new strategies for sensing 
fluid wakes from a limited number of onboard 
sensors.  Complex wakes impart distinct 
hydrodynamic fingerprints on the surface of 
a fish or robotic swimmer, which provides a 
means of detection.  If an underwater vehicle 
is able to locate and characterize the wake of 
an obstacle or another swimmer, then it may 
be able swim in a manner that drastically 
improves performance.  For example, if 
the swimming motion is executed properly, 
robotic swimmers can surf wake vortices and 
get a free ride.

The future of fluid flow control is exciting, with 
endless opportunities for innovation.  Hemati 
and team are committed to paving the way 
to reliable fluid flow sensing and control 
capabilities by uncovering the simplicity 
that underlies the many complexities and 
intricacies of fluid flow physics.  The team 
is hopeful that their innovations will enable 
more sophisticated interactions between 
human-engineered systems and their fluid 
environments, possibly reaching a level of 
elegance on par with what nature has already 
revealed to be possible.

Left: A modal 
deconstruction 
of a cylinder 
wake



RESEARCH RESEARCH

12  DEPARTMENT OF AEROSPACE ENGINEERING AND MECHANICS AEM UPDATE  13

Answering the question: will orbital 
debris destroy the GPS satellites?
What is the problem?

Although the general public may not realize it, modern life 
is deeply reliant on satellite technology.  For example, one 
such satellite technology is the Global Positioning System 
(GPS).  Most of us use it every day to find our way in cities, 
and airplanes use it to navigate from coast to coast.  Even 
more surprising to most individuals is that these satellites 
are the de facto timing standards of the world of technology 
and commerce. The signals they emit are the “heart beat” 
used to synchronize banking transactions worldwide, our 
smart phones, and the internet. These same signals are 
at the center of our ability to synchronize the power grid.  
As hard as it is to fathom, whether your room illuminates 
when you turn on the light switch depends on satellites 
in space operating properly. Interruption to the GPS’s 
accessibility could cause catastrophic effects on energy 
distribution networks and financial markets. Satellites 
are indispensable for modern life and this need motivates 
the development of methods for protecting them from 
threats that would upset their proper functioning.

One threat that is becoming a concern is space debris.  
For example, consider the collision of the Russian 
Cosmos 2251 satellite with Iridium 33 in 2009 and 
China’s Feng Yun 1C anti-satellite demonstration in 
2007, which together have created more than 5,000 new 

pieces of debris (Figure 1). Presently, there are more than 
half a million debris objects orbiting the Earth. Even the 
smallest debris objects such as paint flakes, traveling 
at seven times the speed of a bullet, can collide with 
active satellites and cause severe damage or completely 
destroy them. Unfortunately, the large amount of debris 
produced by collisions will remain in orbit for at least a 
century, presenting a short and long-term space debris 
hazard to our satellite systems including the GPS. 

As more debris is created from collisions, the density of 
debris in orbit could reach and pass a threshold, where 
random collisions between debris objects could cause 
a cascade. Otherwise known as the Kessler syndrome 
[1], where each collision generates more debris and 
increases the likelihood of further collisions. The Kessler 
syndrome could leave much of space inaccessible for 
many generations due to the orbital debris hazard. There 
are a number of very large (size of a school bus) inactive 
satellites in orbit amongst a high density of debris; a 
collision of these satellites with the smallest objects could 
greatly increase the already critical debris population. 
Such collisions could be potential triggers of the Kessler 
syndrome cascade, and predicting and avoiding such 
collisions is critical to protecting our assets in space.   

In order to avoid collisions, it is imperative for us to know to 
the best of our abilities where debris objects presently are, 
and where they will be in the future. Predicting collisions 
requires knowledge of multiple physical parameters and 
models that affect the path of these objects. In general, 
these parameters and models are impossible to know 
precisely. Therefore, we must characterize the limits of 
our knowledge (i.e. the uncertainties) mathematically, 
and understand the impact of these limits on making 
predictions of the possible or likely locations of debris 
objects. The ability to understand uncertainties allows us 
to calculate the likelihood or the probability of a collision 
between objects in space.

How is the orbital debris problem being addressed?

If the position and velocity of a space object is known, 
and if accurate models of the forces affecting its motion 
are available, good predictions as to where the object 
will be in the future can be made. However, in practice, 
these quantities are only approximately known, and only 
estimates of the region where the object might be found 
in the future can be made. For orbital safety, it is critical 
to understand the uncertainty in the estimated positions 

of the debris objects and to forecast this uncertainty 
forward in time. 

Developing a detailed understanding of the orbital debris 
population’s characteristics is a fundamental requirement 
for preventing the Kessler syndrome. The current satellite 
catalogs maintained by NASA, the U.S. Air Force, and 
other space organizations include simplified satellite 
characteristics, mainly the ballistic coefficients (related 
to area-to-mass ratio) for solar radiation pressure and/
or drag. This simplified description limits the dynamic 
propagation model used for predicting the catalog to those 
that assume cannon ball shapes and generic surface 
properties. Solving the orbital debris problem requires 
developing a more detailed picture of the orbital debris 
population. There is a clear need for detailed modeling 
of the orbital debris population and the development of 
methods that can extract these more detailed parameters 
through observations.  

Pushing the state-of-the-art orbital debris tracking 
forward. 

The objectives of Professor Linares’s work are the 
development of uncertainty quantification methods, high 
fidelity debris models, and the most detailed orbital debris 
catalog to date. His work focuses on developing new 
methods for understanding and forecasting uncertainty 
applied to the orbital debris problem. The approach 
Professor Linares uses is based on Polynomial Chaos, a 
mathematical method for handling nonlinear problems 
in a very computationally efficient way. Professor 
Linares’s work focuses on developing and applying this 
method to understanding positional and environmental 
uncertainties for the orbital debris population. 

Professor Linares is also building an optical telescope 
network with sites across the world to make observations 
of the orbital debris population. Currently, he is focused 
on designing observational campaigns to achieve a 
survey of the debris population. These observations 
target known objects but also apply search strategies 
for discovering new debris objects. Moreover, Professor 
Linares’s work uses measurements of the brightness 
of the debris objects, as observed from the ground, to 
extract debris characteristics such as shape, orientation, 
angular velocity, mass, and surface properties. 

Professor Linares is working with satellite groups at 
Australia’s Royal Melbourne Institute of Technology and 

University of Arizona to deploy his own telescope network 
to take imagery of satellites from both sides of the 
world. With these two telescopes, the network will have 
large global coverage for telescope-based orbital debris 
tracking. Professor Linares’s group is on pace to have his 
network deploy within the next year. The first telescope 
is already online and Figure 2 shows some of the first 
images taken with this telescope. 

[1] Kessler, D. J., et al. “Collision frequency of artificial 
satellites.” J.  Geo. Research (1978)

Fig. 2: Satellite Tracking Data from UMN SSA Telescope.

Fig. 1: Orbital Debris Population since 1960. (NASA) Debris object observed with telescope in Arizona

NASA
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Ted Muelhaupt selected as AIAA Associate Fellow

Mr. Ted Muelhaupt, a graduate of the AEM department, was named to the class of 2017 AIAA 
Associate Fellows. He obtained his B.S. in Aerospace Engineering in 1976 and an M.S. in 
Mechanics in 1978 from the University of Minnesota. 

In response to the recognition, Mr. Muelhaupt says, “I was personally delighted and honored 
to be selected as an AIAA Associate Fellow. I have been a member of AIAA for nearly 42 
years, and being president of the Student Chapter at the University of Minnesota was one of 
my first organizational responsibilities. At Aerospace, I have always emphasized participation 
in AIAA and AAS conferences and professional activities as a priority for my staff, and I am 
proud to be recognized by such a prestigious organization in the aerospace community.  I am 

also humbled that my coworkers thought that my nomination was worthy of their time and effort, since I know that 
nominations like these are difficult.”

Mr. Muelhaupt is the Associate Principal Director of the Systems Analysis and Simulation Subdivision (SASS) 
at Aerospace. SASS is the primary Aerospace organization responsible for the analysis of the system-level 
performance expected from satellite systems.  Mr. Muelhaupt is located in Chantilly, Virginia, and focuses on 
support to intelligence community customers, space situational awareness, and space operations. 

In recent years, Mr. Muelhaupt has led an expansion of Aerospace’s capabilities in support to real-time space 
operations. He created the Mission Operations and Analysis Department that focuses on issues such as collision 
avoidance, debris analysis, and space operations, which leverages the work of other departments in SASS. Mr. 
Muelhaupt leads the corporate community of interest on space situational awareness and was recently the guest 
editor of an issue of the Aerospace corporate magazine, the Crosslink that was devoted to space debris. He authored 
and co-authored several of the articles in the magazine as well as introduced the issue. 

Mr. Muelhaupt and the rest of the class of 2017 AIAA Associate Fellows were honored at a recognition ceremony 
and dinner on Monday, January 9, 2017 in Grapevine, Texas.

AEM alumnus, Captain Edelbert E. Irish passes 
away. Captain Edelbert Irish received his master’s 
degree in aeronautical engineering from the University of 
Minnesota in 1957.

AEM graduate and his lab  
featured in Pioneer Press. ASTER 
Labs, headed by 1988 BAEM graduate, 
Suneel Sheikh, is making life easier 
for grandparents. Read the story here: 
http://z.umn.edu/1bwx. 

AEM alumnus, Steve Cook, named to 
Trump’s NASA Transition Team. Cook is vice 
president of corporate development for Dynetics 
Inc. and is a former NASA manager. The story 
can be found here: http://z.umn.edu/1bx4.

In the News...
There are hundreds of AEM alumni all around the country, so keeping in touch with each other can be quite a task! 
Connect with us at aem-dept@umn.edu. to notify the department of your latest accomplishments and we will print 
them in upcoming newsletters.

Nicholas Morse  Patipan Pipatpinyopong

Lincoln Priebe  Jacqueline Sotraidis

AEM Program Initiatives Fund. The AEM 
department has given me the chance 
to work on many exciting extracurricular 
design projects. As a senior, I have had the 
opportunity to lead the Rocket Team as we 

compete against universities from all over the world and grow 
the skills of AEM students. I am excited to start my career 
in the space industry next June as a Propulsion Engineer at 
Virgin Galactic, and I am grateful to the AEM department for 
helping me reach that goal.

 Robert Tanner  Michael Waataja

Richard & Shirley DeLeo Scholarship. I 
am currently a junior in the AEM program 
with an interest in guidance, navigation, 
and control. My goal is to be a part of the 
further exploration of our universe and the 

advancement of space travel. My favorite part about the 
AEM program is the well balanced exposure to the different 
aerospace areas with the ability to focus in on my own specific 
interests.

Richard G. Brasket AEM Scholarship. What 
I enjoy most about the AEM program is that 
on one hand it is specialized and geared 
towards my interests, however at the same 
time the Mechanics half of it provides a 

broader understanding of engineering concepts. Upon my 
graduation, I wish to pursue a career working on projects 
involved in space exploration. Within my time at the U, I am 
going to use my scholarship funds to pursue study abroad 
opportunities that would be tough to afford otherwise.

2016- 2017 Scholarship Recipients

Rose Minkin Scholarship. Hello! My name 
is Lincoln, and I am currently a sophomore 
majoring in Aerospace Engineering and 
possibly minoring in Astrophysics and Math. 
What interests me the most are satellite 

propulsion and control systems. My ultimate career goals are 
to be able to design and operate interplanetary spacecraft 
vehicles, whether it be satellites or probes. The AEM 
department will provide me with the support and education 
for me to be able to achieve my aerospace engineering goals. 
The Rose Minkin Scholarship will financially assist me as I 
study abroad in Hong Kong during the spring semester.

Continued from page 9

Not pictured: Briana Preimesberger, Eric W. Harslem Scholarship for Aerospace Engineering; Tyler Kraut, Louis R. 
and Dona S. Wagner Aerospace Engineering and Mechanics Scholarship; Andrew Vechart, Peter J. Torvik Fellowship

Robert H. & Marjorie F. Jewett Scholarship. 
I am currently a junior in the aerospace 
engineering program, with a specific 
interest in fluid dynamics.  The aerospace 
program has provided me with a breadth 

of knowledge about various disciplines of engineering while 
also allowing me to tailor my education to my interest in fluid 
dynamics, which I hope to pursue in graduate school.  I am 
proud to be a member of the Formula SAE team on campus, 
as well as a research assistant in one of the aerospace 
department’s fluid mechanics laboratories last summer.

Chester Gaskell Aeronautical Engineering 
Scholarship. I’m a senior in AEM program 
and the department has offered numerous 
resources to help me succeed as an engineer. 
The scholarship will allow me to continue 

to focus on my academics and research. After graduation, I 
hope to pursue a graduate degree in astrodynamics and work 
to support space exploration initiative.
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AEM researchers receive 2016 DSCC Energy 
Systems Best Paper award

AEM researchers were awarded the $500 endowed Energy Systems Best Paper Award at the ASME Dynamic 
Systems and Control Conference (DSCC), held October 12-14, 2016 in Minneapolis, MN. The winning paper, 
entitled “Robust Control Design for Load Reduction on a Liberty Wind Turbine” was authored by Postdoctoral 
Associate Dr. Daniel Ossmann, former Research Fellow Julian Theis, and Professor Peter Seiler. 

The paper demonstrates how modern automatic control algorithms can help significantly reduce structural 
loads on modern wind turbines, which increases the lifespan of wear parts and reduces maintenance cost 
for the operator. The proposed algorithm tells each blade of the wind turbine to pitch in or out of the wind, 
depending on acceleration measurements on the blades. Compared to state of the art control strategies, a 
higher bandwidth is achieved through modern robust control techniques. Simulation of the algorithm on a 
high-fidelity numerical model of UMN’s 2.5 Mega Watt utility scale research turbine, located in Rosemount, 
MN, indicates a decrease in loads by up to 30%. Implementation on 
the actual turbine and field tests are planned for the near future to 
verify these findings experimentally. The turbine is maintained by 
the Eolos Wind Consortium under the Saint Anthony Falls Lab. Eolos 
/ SAFL and Mikhail Consulting are providing significant support for 
the experimental testing of the algorithm presented in this paper.

Daniel Ossmann with 
Professor Christopher 
Vermillion of UNC Charlotte 
at the awards ceremony
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