DEPARTMENT OF

AEROSPACE
ENGINEERING AND MECHANICS
Department Update - Winter 2019
Dear Friends and Alumni,
Greetings from snowy Minnesota. I am once again pleased to
highlight the achievements in AEM from 2018 and 2019, and
to share some of our stories.
I’ll start with faculty accomplishments. Professor Maziar
Hemati received a prestigious young investigator award from
the Air Force Office of Scientific Research. Professor Ellen
Longmire was appointed as Associate Dean of Academic
Affairs in the College of Science and Engineering. Professor
Peter Seiler spent a successful sabbatical in Hungary,
continuing a longstanding collaboration between Minnesota,
the Hungarian Academy of Science and Budapest Technical
University. Professors Thomas Schwartzentruber and Yohannes Ketema were
elected members of the 2019 class of the American Institute of Aeronautics and
Astronautics Associate Fellows. I would also like to congratulate Professor Ellad
Tadmor for successfully introducing a new Honors class, Science Court, and Professor
James Flaten, for teaching a freshman seminar of rigid airships. As detailed later
in the newsletter, Professor Tadmor brought together people from around the
University to create Science Court, while Professor Flaten worked with a group of
freshmen to build and fly airships. I am proud of AEM and CSE for willingness to
engage beyond traditional engineering and science education.
Our research focus is on one of new faculty members, Professor Derya Aksaray.
Professor Aksaray does outstanding work on autonomous systems, at the interface
of aerospace engineering, robotics and computer science. Professor Aksaray, like
our other new faculty member, Ryan Caverly, brings great energy and ideas to both
our teaching and research missions.
Finally, I want to note 24 undergraduate students and six graduate students who
have received scholarships and fellowships to help with their education. They,
like all of us, recognize that this would not be possible without all of our donors,
friends, and alumni. All of us are grateful to have such a generous and dedicated
community to help support our future. Thank you!
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Thank You Donors
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
all gifts made between July 1, 2018 and January 11, 2019. These gifts are instrumental to enhancing our academic program
and providing opportunities for our talented students.

From the Development Office...
The beginning of a calendar year is a good time to reflect on our gratitude for the many ways our alumni, faculty,
and friends support AEM with their gifts of time, talent, and financial resources. This generosity significantly
enhances our rigorous academic program and supports our amazing students, faculty, student groups, and
research. Every year when I read the thank you letters our talented AEM scholarships and fellowship recipients
write to donors, I am moved by their passion for aerospace, their dedication to using their education to
improve the world, and their gratitude for this support. The incredible achievements and experiences our
students receive from participating in a variety of student organizations provides them with invaluable handson experience and develops leadership skills. I encourage everyone to go to the AEM website (aem.umn.edu)
website to read about activities in the department and the extraordinary people in AEM!
Kathy Peters-Martell
Sr. Development Officer
College of Science and Engineering

Thank you for your suppport.
Individual Donors
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Roger & Jane Arndt
Vibhor Bageshwar
Anil Bajaj
Wyona & Richard Bartsch Estate
Daniel Baseman
Robert & Marilyn Bateman
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George Ceman
James & Suzanne Clausen
John Clemens
Lloyd & Della Curtis
Glenn Dalman 			
Thomas Douma		
Kenneth Ewald
Roger Engdahl & Susan Green
Trevor Fedie
Janet Fransen
Paul Freeman

Corporate Gifts
Sanjay & Mala Garg
Judith Gaskell
Kristen Gerzina
John Girard
Robert Gran
Alford Hanson
Gregory Happ
George & Ieva Hartwell
Brenda Haven
Richard Heisler
Yucheng Hou & Peng Zhang
Michael Jackson
Timothy Jackson
Duane & Mary Jensen
Ben-Gang Kao
Richard Kerner
Kenneth Kline
Gerald LeBeau
David Lindeman
Shaobo Liu
Ellen Longmire
David & Deanne Longren
Joel & Debra Luker
Gary Malecek
Darren Mason

Richard & Robin McEntire
Mark Mixell
Gregory Ohrt
Debra & Joseph Olejniczak
Charles Oleson
Ahmet Ozdemir
David Quam
David Roberts
Patrick Rygh
David Selvig
John Shin
David & Donna Sippel
Mark Thelen
Stephanie & Matthew Thomasson
Peter & Patricia Torvik
Andrew Vano
Michele Veneri
Jon Virnig
Dona Wagner
Ross Wagnild
Janet Warner			
Anita Westberg
Chien Heng Wu
Chonglin Zhang

3M
Blue Origin
Boeing
CAF America		
Clifton B. & Anne Stuart
Batchelder Foundation
Dow
GE Foundation
Honeywell Aerospace
Medtronic Foundation
Northrup Grumman
Foundation

For information on giving or alumni involvement, please visit our web page 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.

2-3

DEPARTMENT OF AEROSPACE ENGINEERING AND MECHANICS

Faculty Highlights
Maziar Hemati awarded the Young Investigator Program
(YIP) Award
Professor Maziar Hemati was awarded the prestigious Young Investigator Award from the Air Force
Office of Scientific Research (AFOSR) for his proposal titled “Reducing transient energy growth in
shear flows using sensor-based output feedback control.” Hemati was among 31 scientists to receive
the three-year grant out of a pool of 290 proposals this year.
Hemati says that the shortcoming of past approaches is the presence of performance limitations.
His research is looking for more “robust strategies” that will eliminate this problem. Hemati said
he hopes to get other researchers involved in fluid mechanics so new ideas can be adopted more
broadly.
Prior to joining the AEM department, Hemati earned a Ph.D. from UCLA and worked as a postdoctoral
research associate at Princeton University.

Professor Richard James Presented the 2018-19 TedoriCallinan Distinguished Lecture

Professor Maziar Hemati with
his research team

Distinguished McKnight Professor Richard James presented the 2018-2019 Tedori-Callinan
Distinguished Lecture at the University of Pennsylvania sponsored by Penn Engineering and
Mechanical Engineering and Applied Mechanics. The lecture series is presented annually by a notable
and distinguished expert in the field of engineering.		
				
Professor James presented on the topic of atomistically inspired origami. He drew from recent
research of postdoctoral fellows Fan Feng and Paul Plucinsky on foldable space structures.
Abstract:
“The world population is growing at approximately 80 million per year. As time goes by, there is
necessarily less space per person. Perhaps this is why the scientific community seems to be obsessed
with folding things. We present a mathematical approach to “rigid folding” inspired by the way
atomistic structures form naturally. Their characteristic features in molecular science imply desirable
features for macroscopic structures, especially 4D structures that deform. Origami structures, in turn,
suggest an unusual way to look at the Periodic Table.”

Professor Richard James
at Tedori- Callinan Distinguished Lecture

Ellen Longmire Appointed as CSE Associate Dean of Academic
Affairs
On August 2, Professor Ellen Longmire joined the College of Science and Engineering Dean’s Office as
Associate Dean of Academic Affairs, where she oversees graduate education and programs that support
faculty within the College of Science and Engineering (CSE).
Professor Longmire joined AEM as an Assistant Professor in 1990 and was promoted to full Professor in
2003. She also served as the AEM Director of Graduate Studies from 1996 to 1998. In 2015, she was Visiting
Professor at both the University of Melbourne and TU Darmstadt, Germany.
Professor Longmire’s research uses advanced experimental methods to study single- and multi-phase
transitional and turbulent flows, liquid/liquid mixtures, microscale flows, and biomedical flows. In 2016, she served as Chair of the
American Physical Society Division of Fluid Dynamics. She is currently editor of the research journal, Experiment in Fluids, and is also
on the Editorial Advisory Board for the International Journal of Multiphase Flow.

Faculty Highlights
Peter Seiler Awarded Medal for the Development of the Hungarian
Aeronautical Sciences
Professor Peter Seiler received the medal for the Development of the Hungarian Aeronautical Sciences from
the Hungarian Scientific Association for Transport. The medal was awarded November 2018 by the organizing
committee of the XIX Hungarian Aeronautical Science Days.
Academic cooperation in control systems research between faculty at the University of Minnesota and the
Hungarian Academy of Science and Budapest Technical University began in 1978 with a National Science
Foundation program for exchange of scholars between the institutions. Early participants in the program were
Professors William Garrard (AEM), K. S. P. (Pat) Kumar (EE), and E. Bruce Lee (EE) at the University of Minnesota
and Professors Laszlo Kevickzky , Csilla Banyasz, and Robert Tuschak in Hungary. Later, Professors Gary Balas
(AEM) and Jozsef Bokor have been instrumental in continuing the program.
Professor Seiler spent his sabbatical during the 2017-2018 academic year visiting the Hungarian Academy of Sciences’ Institute
for Computer Science and Control (MTA Sztaki). He collaborated with Professor Jozsef Bokor and Dr. Balint Vanek during his visit.
The main topic of collaboration was the design and control of flexible aircraft for improved fuel efficiency. This research couples
aerodynamics, structural dynamics, and control design. The University of Minnesota’s NASA project to study these effects is entitled
“Lightweight Adaptive Aeroelastic Wing for Enhanced Performance Across the Flight Envelope.” This project is led by Professor Seiler
jointly with several partners including Virginia Tech, Systems Technology Inc., Dave Schmidt and Associates, CMSoft, and Aurora
Flight Sciences. MTA Sztaki has a related European Union Horizon 2020 project entitled “Flutter Free Flight Envelope Expansion for
Economical Performance Improvement (FLEXOP).” The FLEXOP project is led by Dr. Vanek and also includes several partners in the
EU. Both projects are designing, modeling, and testing small-scale flight demonstrators to validate techniques for improved aircraft
design.

Thomas Schwartzentruber and Yohannes Ketema Elected Associate Fellows of
2018 AIAA
Professors Thomas Schwartzentruber and Yohannes Ketema were elected members of the 2019 class of
American Institute of Aeronautics and Astronautics Associate Fellows. They join other members honored
by AIAA across industry, academia, and government.
Professor Schwartzentruber, whose research focuses on computational gas dynamics and gas-surface
interactions, was recognized by AIAA for his outstanding contributions to the science of aeronautics and
astronautics.
Schwartzentruber utilizes particle simulation methods to model nonequilibrium and chemically reacting
gas flows. He is one of the leading practitioners of a method called direct simulation Monte Carlo (DSMC)
and has made significant extensions to the DSMC method while at Minnesota. He has also led the development
of a new direct molecular simulation method for dilute gases, which relies only on the forces between atoms.
His research is funded by NASA, the Office of Naval Research, Air Force Research Laboratory, and the Air Force
Office of Scientific Research.
Professor Ketema, who is faculty adviser for the student chapter at AIAA, was recognized by AIAA for his
notable and valuable contributions to the science of aeronautics and astronautics.
His research focuses broadly in the area of dynamics. He has studied the dynamics of active materials such as
shape memory alloys, especially regarding their use for the purpose of vibration damping and control. Ketema
has also conducted research in optimal trajectory generation for unmanned aerial vehicles, dynamics and
stability of formations, orbital mechanics, and the mechanics of human walking.
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Department News
Science Court Debates Implementation
of More Technology in Schools
Professor Ellad Tadmor introduced a new class to the University
Honors Program called Science Court, where students debate
controversial subjects in a controlled enviroment.
This year’s topic was, “Should the state of Minnesota implement
a 1:1 technology program in K-12 public schools, assigning one
device (laptop or tablet) to every student for educational use in
school and at home?”
To make Science Court possible, Tadmor worked with an attorney from the Hennepin County Public Defender Office, Collin
Tierney; Laura Clatch, a Ph.D. student in Social Psychology;
and Melody Gilbert, an independent filmmaker.
Kerri Miller from MPR News interviewed Tadmor along with
media team member Luke Diamond in December. During the
interview, Tadmor was asked about the process of the class
and how they choose the jury. He explained that because
heterogeneous groups debate better, they tried to get a wide
range of participants.

					

Jury Deliberation

Also during the interview, Diamond said that as a
millennial, he has been missing out on meaningful
controversial discussions where both parties can
separate morals from ideas. He said, “Instead of saying, well you believe that you’re a bad person, we’re
not going to have a productive conversation that
way. It’s, okay you believe this, well let’s dig into that.
Let’s figure out what’s right about that and what’s
wrong about that and what works about that.”
During the trial, arguments for the pro side included
how essential technology is in our daily lives and
how teachers and students would be able to work
more flexibly.

Ellad Tadmor and Luke Diamon with MPR 		
News’ Kerri Miller

Arguments for the con side included the fact that
while technology is given, students are not taught
how to use it; also that the tool may not even benefit the students’ learning. Health factors were also
brought into consideration, noting that more screen
time will negatively affect cardiorespiratory fitness
and mental health.
A verdict was rendered on December 18 with the
outcome of this year’s trial being that the state of
Minnesota should not implement a 1:1 technology
program in K-12 schools. Ten members voted against
the program with three voting for it.
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Student News

Undergraduate Scholarships
The AEM Awards Committee selected 24 dedicated undergraduate students at the University of Minnesota to receive
undergraduate BAEM scholarships for the 2018-2019 school year to assist them with their academic pursuits.

					
James Tait

Chester Gaskell Aeronautical Engineering
Scholarship

Ryan Ichinose

Chester Gaskell Aeronautical Engineering
Scholarship
Ichinose is a senior who has
participated in CanSat and
the Rocket Team during his
time at the University of
Minnesota.

Tait is a senior who has
been a member of the
Solar Vehicle Project and
an intern at BAE systems.
Taite also earned a minor
in management.

Jermaine Smith

Richard and Shirley DeLeo Scholarship &
Engineering Fund
Smith is a senior who has
conducted a wide variety
of undergraduate research
on flight computers and
satellites, simple position
tracking systems for
walking, and biomedical
devices.

				
Curtis Zicker

Robert H. and Marjorie F. Jewett Fund
Scholarship

					
Jeremy Anderson

Richard and Shirley DeLeo Scholarship &
Engineering Fund
Anderson is a senior.
He expressed gratitude
saying, “I am sure
that my progress and
understanding of
Aerospace Engineering
would falter and flounder
in the coming months
without the Shirley DeLeo
Scholarship I have been		
awarded.”

Alessio Gardi

The Eric W. Harslem Scholarship for
Aerospace Engineering

Zicker is a senior who has many
Gardi is a senior. He was born in Naples,
notable accomplishments
Italy and came to the United States to
including interning at NASA.
Zicker says, “It is my hope that study Aerospace Engineering. He plans
to complete his degree by 2019.
one day I will be part of the
engineers that sends humans
to Mars and beyond.”

Lin Huynh

Rose Minkin Aerospace Engineering
Scholarship
Huynh is a sophomore who
is from Vietnam. Huynh says,
“I have a passion to study
engineering, first to satisfy
my thirst for knowledge,
second for my pride to be
a woman in the STEM field,
and third to help develop my
country in the future.”

		
Connor Keech
Chester Gaskell Aeronautical Engineering
Scholarship 			

					
Gabriel Sanchez
AEM Program Initiatives Fund

Sanchez is a sophomore
who plans to graduate early
with a bachelor’s degree
in aerospace engineering
and mechanics and minor
in computer science.

Keech is a junior who is
interested in space travel
and fluid dynamics.

Emma Krieg

Boeing Scholarships
Krieg is a junior who is
the team lead of the
simulations sub-team
for the Rocket Team.
Krieg is also involved
in the High-Altitude
Ballooning Team and
plans to intern at
UTC Aerospace this
following summer.

					
Vinh Nguyen

Robert H. and Marjorie F. Jewett Fund
Scholarship & Lawrence E. Goodman
Scholarship/Fellowship
Nguyen is a junior who was awarded
the Robert H. and Marjorie F. Jewett
Fund Scholarship and the Lawrence E.
Goodman Scholarship/Fellowship.

Anna Bialke

AEM Program Initiatives Fund
Bialke is a senior who
aspires to conduct research
in flight propulsion design
and testing and interstellar
exploration.

AEM UPDATE
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Student News
					
Isaiah Patton
Louis R. and Dona S. Wagner Aerospace
Engineering and Mechanics Scholarship

Isaiah Patton is a junior who
says, “I am extremely grateful
for the Wagner
Scholarship supporting me
academically as I pursue
my passion in engineering
at such an incredible
school. I have been very
impressed with the quality
of education provided.”

Ricardo Saborio

Lincoln Priebe

Richard G. Brasket AEM Scholarship

					
Nikolas Pardoe
John and Robert McCollom Memorial
Scholarship

Pardoe is a junior who
participates in the
Design, Build, Fly team
and the Rocket Team. He
also worked at NASA's
Johnson Space Center in
Houston.

Jacob Meiners

Boeing Scholarships
Meiners is a junior. He is
a former Guinness World
Record Holder with the
University of Minnesota
Rocket Team for reaching
the highest height for an
effervescent tablet rocket.

Rose Minkin Aerospace Engineering
Scholarship

Noma is a sophomore who
actively participates in the
CubeSat Structures research
team. Noma aspires to
receive his master’s degree
in pursuit of obtaining a
career within the aerospace
industry.

Priebe is a senior. He
has conducted research
at OneWeb Satellites
and interned at UTC
Aerospace Systems.

					
Sophia Vedvik

Rose Minkin Aerospace Engineering
CSE Oswald Award				
Scholarship
Saborio is a senior who
has participated in the
University’s Small Satellite
Research group and
has conducted a wide
variety of research in the
Unmanned Aerial Vehicle
Laboratory.

Nathan Noma
					

Vedvik is a sophomore
who has participated
in the Rocket Team and
AIAA. Vedvik aspires to
attend graduate school
to earn her Ph.D. in
aerospace engineering.

Samuel Somrock

Richard D. and Wyona R. Bartsch AEM
Scholarship
Somrock is a senior who
interned at HED Cycling
Products this past summer
and aspires to pursue
a career in composite
structural design for high
performance vehicles.

					
Noah Storm
Richard G. Brasket AEM Scholarship

Storm is a senior. Storm
says, “This support came
at a crucial time, and I
cannot express enough
how humbled and grateful
I am to have been selected
for this award.”

Joel Krieger

John and Robert McCollom Memorial
Scholarship
Krieger is a senior who is
interested in computational
fluid analysis, project
management and alternative
energy solutions.

					
Megan Ball
Clausen Scholarship

Ball is a junior who is a member
of the Society of Women’s
Engineers and the University
of Minnesota Energy club.
Ball says, “Within SWE, I am
the Sustainability Direction, a
committee I created last year
that focuses on making our
section more eco-friendly.”

Ryan Bowers

Robert H. and Marjorie F. Jewett Fund
Scholarship
Bowers is a senior who has
taken advantage of many
opportunities, including
interning with NASA last
summer and helping design a
virtual reality flight simulator
for the Aeronautics Academy
program.

DEPARTMENT OF AEROSPACE ENGINEERING AND MECHANICS
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Student News
Graduate Student Fellowship Recipients
Narendra Singh				
Doctoral
Dissertation Fellowship
					

Joel Runnels

Nia Allen

Mary Houston

Singh is a fifth-year Ph.D. student
who works with Professor Thomas
Schwartzentruber
on
research
related to thermo-chemistry of air for
hypersonic flows for computational
fluid dynamics (CFD) and direct
simulation Monte Carlo (DSMC)
methods. In the future, Singh would love to teach aerospace
engineering as a professor because he is interested in
teaching and solving complex problems through academic
research.

CSE Graduate Fellowship
Allen is a first-year master’s student
who works with Professor Demoz
Gebre-Egziabher. Her thesis called
“Effects of Atmospheric density models
on CubeSat orbital lifetime predictions”
combines research in orbital mechanics
and spacecraft and small satellites.
Allen received her undergraduate degree at Tuskegee
University where she graduated Cum Laude. Allen aspires
to become a space systems engineer or to be accepted
into a leadership development program within the
aerospace industry in the future.

Olivia Schroeder		

		
NASA
Fellowship
Schroeder works with Professor
Graham Candler to conduct research
that aims to improve the understanding
of failure modes associated with
spacecraft thermal protection systems
used during atmospheric reentry.
Schroeder acknowledges the UMN AEM department for
offering “access to highly developed computational tools to
be leveraged for this research, as well as faculty members
that are leading experts in the fields of hypersonics and
ablation.”
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Doctoral Dissertation Fellowship
Runnels is a Ph.D. student who works
with Professor Demoz Gebre-Egziabher
on developing new ways for spacecraft to
determine their location when far away
from Earth, particularly using signals
from pulsars as a natural “interplanery
GPS” to determine the position of the
spacecraft. His future plans include continuing his research
in new navigation techniques and applying the methods he
has developed during his graduate work to other challenging
navigation problems.

Akerman Fellowship
Houston is a master’s student who is
working with Professor Joseph Nichols.
Her project, in collaboration with Saint
Anthony Falls Laboratory, uses adaptive
mesh refinement and immersed
boundary methods to build super large
scale rough surface boundary layer simulations. This year
she presented her findings at APS DFD in Atlanta. Houston
foresees herself working in research and academia in the
future.

Yi Hui Tee

Amelia Earhart Fellowship
Tee is a fourth-year Ph.D. student who
works with Professor Ellen Longmire
on experimental fluid dynamics. Tee’s
research focuses on understanding
particle dynamics in turbulent boundary
layers, specifically investigating the
flow physics surrounding a particle in
turbulent flow while providing key dimensionless data for a
parallel simulation to be conducted. Tee says, “I hope more
women will step out like Amelia Earhart and create history in
the aerospace industry.”

Student News
Freshmen Design Non-Rigid Blimps and Rigid Airships
Freshmen at Minnesota have the opportunity to explore aerospace design through AEM 1301:
Ballooning: Design, Build, and Fly- R/C Airships, taught by Professor James Flaten. Flaten tasks
students with building (non-rigid) blimps and airships with an internal rigid frame. Students
worked in teams on three seperate projects towards a complete airship design.

				
Team Heavy Airship

In the first project, students use R/C parts from toy tanks to lift a tiny gondola with very small
balloons. Teams then move on to using Arduino Mega microcontrollers and XBee radios to
control multiple motors in a gondola suspended from larger balloons. Each of the five teams
made a short video documenting their vehicle’s flight, which was carried out in the lobby of Tate
Lab of Physics in November 2018.
For the last capstone project, students re-organized into two “super-teams” to build and fly rigid
airships. The two teams (Team Heavy and Team Light) flew and then exhibitied their airships in
the Balas Atrium in Akerman Hall. While the projects were mostly successful, students faced
problems such as fragility of lightweight materials needed to build an airframe, and the need for
enough propulsion to be effective for pitch and yaw control.

				
Team Light Airship

Professor Flaten commented, “I’ve heard of classes at other universities building and flying R/C
blimps, but building more challenging rigid airships and implementing radio control ourselves
(with microcontrollers and XBee radios, rather than just using commercial R/C equipment) was a
good learning experience, for both the students and me.”

HASP Team Sends High Altitude X-ray Detector to 			
			
Student Competition
				

The University of Minnesota HASP team sent a High Altitude X-ray Detector Testbed (HAXDT)
aboard the High Altitude Student Platform (HASP) flight on Sept. 4th, 2018 in Fort Sumner, NM.
The HASP team includes students from disciplines throughout CSE. Students collaboratively built
payloads using modified designs from existing CubeSats, SOCRATES and EXACT, built in the UMN
Small Satellite Research Lab. 		
								
The 2018 HAXDT. The CITIES
					
The project is a collaboration with the UMN High Altitude Ballooning Team and the Multidisciplinary detector is atop the main structure
University Research Initative (MURI). The team is sponsored by Professors James Flaten and Graham covered in clear orange tape. The
MURI project’s particle counter is
Candler.												
wrapped in gold mylar adjacent to
The HAXDT payload flight lasted 11 hours and 28 minutes with a total float time above 120,000 its external battery.
feet for 9 hours and 1 minute. Throughout the flight, internal temperatures of circuit boards in the
main payload ranged from -14ºC to 89ºC. After the flight terminated, the payload was recovered by
HASP personnel and returned to the team. The payload performance was analyzed giving insights
as to how the payload would perform in an environment where there is no atmosphere to transfer
heat away from the payload.									 				
The team was able to collect particle data above 70,000 feet. This data will aid them in creating
more accurate simulations of the atmosphere while studying laminar-turbulent transition in
boundary layers of hypersonic spacecraft. With the planned launch of SOCRATES upcoming, the
Small Satellite Research Lab looks to hand off its spot on HASP to the UMN High Altitude Ballooning Preflight hang test of the gondola
to make sure all systems are
team so they can use the platform to further their research.
operational for flight.

Student News
Senior Design Class Construct Capstone Projects
Seniors enrolled in the Aerospace Engineering and Mechanics department at the University of Minnesota participate in an alumni
supported senior capstone. In the Senior Design course, students are split up into teams and select a sponsor that offers their
expertise on the industry. Using knowledge that they have gathered throughout their undergraduate classes, students design a
product under guidance from the sponsor and present their findings at the end of the semester. More information about the
projects are listed below.
heroX ll Space Challenge
Sponsor: John Weyrauch: U of M		
			
						
						
						
						
						
The heroX II Space Challenge team had the
goal to develop a conceptual design of a bipropellant, liquid fueled, single stage rocket
that is able to reach an apogee of 100km.
The design included a propellant selection,
an engine design, a fuel shutoff safety system,
an airframe structure, as well as a flight
dynamics analysis, an electronics and altitude
monitoring system, and a vehicle recovery
system. The design report is due to the heroX
II competition in March.

SAE Micro			
Aero Efficient Quadcopter
Sponsor: Chris Regan: U of M
Sponsor: Todd Colten: Sentera
										
										
										
										
									
					
The Aero Efficient Quadcopter team The SAE Micro team had the goal to
had the goal to design, build, and create an aircraft that was able to fit
test a quadcopter drone with a 30% disassembled into a small box that
reduction of drag and corresponding weighed no more than 10 lbs., including
increased range compared to all payload, and could be assembled in
traditional quadcopter designs. The less than 3 minutes. Additionally, the
team also wanted to avoid propeller aircraft had to be able to fly a closed
downwash interaction and increase trajectory making two 180 turns, carry
the usefulness of quadcopters by a 2” payload, and maintain control at all
increasing the endurance at a given times, including successfully launching
and landing in a specified zone. The
cruise speed.
competition is in California in April.

Hypersonic Aero Cubesat
Sponsor: Demoz Gebre-Egziabher: U
of M		
		
					
						 					
						 				
			`			
The High Powered Rocket team had the goal The Hypersonic Aero CubeSat team
to design an efficient supersonic rocket with had a goal to measure and transmit
a dual deploy recovery system. The team had desired aerodynamic data during
the requirements that the rocket must fly entry and meet mission and CubeSat
twice, and the rocket must be recovered and Constraints. The team designed a
relaunched within one hour. Additionally, CONOP for Hypercube, determined
the team had to build a non-commercial the flight envelope in terms of Mach
data suite and extra competition points were number and altitude, and provided
awarded for adding video capability to the a reliable network and hardware to
rocket, adding a radio telemetry system, and transmit experimental data to the
implementing capability to get judges key ground without a designated ground
flight parameters within 5 minutes of landing. station. Additionally, the team
wanted to maximize static margin of
the CubeSat with solar panels and
minimize aerodynamic loading of
solar panels.
High Powered Rocket
Sponsor: James Flaten: U of M
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Space Base Manufacturing
Sponsors: Suneel Sheikh: ASTER Labs

						
						
The Space Base Manufacturing team had a
goal to design a system capable of recycling
material from existing communications
satellites that was capable of producing
~30 metrics tons and producing usable 3D
printer source material. The team designed
the system to operate for a 10 year effective
lifespan and process 4 typical GEO satellites
a year that are brought to the system in
accordance with satellite disposal standards.
Additionally, the system has a maximum
launch mass of 15,300 kg and is required
to store recycled materials for yearly pick
up and dispose of waste according to
international space standards.

Student News
Senior Design Class
Nav & Surveillance for Air Taxi
Sponsors: Vibhor Bageshwar: Honeywell

					
The Nav & Surveillance for Air Taxi team
had the goal to develop a navigation
and surveillance system for air taxis
that included requirements, sensors,
redundancy, and failure modes analysis
and mitigations. Additionally, the team
noted that the air taxis will avoid flying
over restricted airspace without clearance
and the system will include a collision
avoidance capability.

Air Taxi Electric Propulsion
Sponsor: Vivek Saxena: A d v i s o r y
Aerospace
					
					
					
			
					
The Air Taxi Propulsion team had a goal
to design a electric propulsion for a
four seat eVOLT air taxi, specifically the
propulsor installed in the tilt rotor. The
design included a battery, wiring, and
a power transfer, motor and propeller.
Additionally, the aircraft is fully electric
and should have a cruise speed of 100
knots and a range of 100 nautical miles.

RASCAL
Sponsor: John Weyrauch: U of M
					
											
								
Orbital Debris Removal
Sponsor: Yohannes Ketema: U of M

					

The Orbital Debris Removal team had a goal
to develop a satellite design that included a
capture method capable of deorbiting the
defunct EO-1 satellite in LEO. The satellite
system design includes a spacecraft bus, a
control and navigation system, propulsion,
power, thermal control, and telemetry and
communications.

Find My Pet Drone System
Sponsor: Charles Bye: Honeywell		
						
						
						
					
The Find My Pet Drone System team
had a goal to reduce the time a pet is
missing by autonomously searching an
area that would take an individual or
several individuals considerable time to
accomplish. Their system utilizes onboard
imaging and image processing and a radio
transmitter in the pet’s collar, as well as
transmits photo and video feeds for pet
identity confirmation.
Around the World Cruiser
Sponsor: Adam Thoreen: Boeing 		

				
					
					
					 					
					 					
The RASCAL team had a goal to create The Around the World Cruiser team had the
a reusable vehicle to go between Cis- goal to create an aircraft capable of flying
lunar orbiting Gateway and the moon around the world (~25,000 miles) nonstop.
with mission modes 1) 6 days on the Additionally, the aircraft can carry six people
surface with 2 crew and a 500 kg of and all provisions, take off and land in under
cargo, and 2) 2 days on the surface with 10,000 feet, and the airplane would contain
4 crew and 100 kg of cargo. The team fully autonomous cruise-flight capacity and
also planned that the design would internet for real time video streaming.
allowed for future improvements and
be ready by 2028.

Aeroelastic Wing
Sponsor: Christopher Gosch: Northrop Grumman

The Aeroelastic Wing team had the goal to implement deployable wings which can provide significant additional lift to current
81mm HE mortar configurations. The team planned to design, analyze, and characterize the real-world performance of a wing
and deployment mechanism for a circular cross-sectioned projectile body using CFD and FEA tools. The team required that
the wing meet performance requirements at velocities of up to 180 m/s.
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Alumni News
AEM Alumnus Kaushik Bhattacharya Awarded Outstanding Achievement
Award
Dr. Kaushik Bhattacharya, a distinguished graduate of the University of Minnesota, was
honored with the prestigious Outstanding Achievement Award in October 2018. The
University of Minnesota presents Outstanding Achievement Awards to alumni who have
attained unusual distinction and have demonstrated outstanding achievement and
leadership in their respective field and community.
Dr. Bhattacharya pioneered an approach to the study of phase transformations in crystalline
materials that has shaped an entire community and has led to spectacular new examples of
these materials. Within his highly original view of materials science, he has forged a powerful
new way of looking at functional materials, and has brought his innovative approach to
ferroelectrics, liquid crystals, liquid crystal elastomers and light materials. He has revisited
classical areas of solid mechanics – fracture mechanics, plasticity, twinning and adhesion –
Kaushik Bhattacharya (left) with Richard revitalizing these fields and launching them in exciting new directions.
James (right), holding his Outstanding
Dr. Bhattacharya received his bachelor’s (B.Tech.) degree from the Indian Institute of
Achievement Award.
Technology in Madras in 1986 and his Ph.D. from the University of Minnesota in 1991.
Currently, Dr. Bhattacharya is the Howell N. Tyson Sr. Professor of Mechanics, Professor of
Materials Science, and Vice Provost for Research at Caltech. He guides one of the most active
research groups in solid mechanics in the United States and leads major national multiinvestigator research programs. Dr. Bhattacharya has been with Caltech since 1993. Prior to
this, he was an associate research scientist at Courant Institute of Mathematical Sciences. Dr.
Bhattcharya has received major awards and recognition including the 2015 Warner T. Koiter
Medal for distinguished contributions to the field of Solid Mechanics, the 2013 Fellow of
the Society for Industrial and Applied Mathematics, and the 2013 Graduate Student Council
Teaching and Mentoring Award.
University of Minnesota President
Eric Kaler (left) after awarding
Kaushik Bhattacharya (right) the
OAA.

President Kaler conferred the award recounting that the outstanding achievement award is
the highest honor the University of Minnesota bestows upon a graduate.
Bhattacharya said, “I’m really very grateful to this university… I grew up in a culture where
the word teacher meant a lot.”

AEM Alumna Rachael Winiecki Makes History as First Female F-35
Developmental Test Pilot
Major Rachael Winiecki, 461st Flight Test Squadron and AEM alumna, completed the first flight test mission led by a female F-35
developmental test pilot at Edwards Air Force Base in California. She received her Bachelor of Aerospace Engineering & Mechanics from
the University of Minnesota in 2007 and her Master of Science from the AEM department in 2009.
Major Winiecki is a highly skilled pilot with experiences being an A-10 pilot, F-16 test pilot, and flying in deployments around the world.
Though aviation tends to be a male dominated field, the number of women in flight test is increasing. After concluding her flight,
Winiecki reflected on her achievement, future, the other women who have contributed to the Edwards Air Force Base and the air force.
“I am grateful for the women who have broken barriers previously, they built the path, I look forward to the day when stories like this
are a regular occurrence.”
To read the original article by Air Force Materiel Command and more information on Major Rachael Winiecki please visit
https://z.umn.edu/winiecki.
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Research
Figure 1: The trajectories of 5 UAVs which
are supposed to execute the following tasks:
“move to region yellow in T seconds” and
then “surround the statue”. These tasks are
decomposed into individual UAV temporal
logics each of which is the conjunction of
reachability (to achieve the task), safety (to
avoid collisions), and coherence (to avoid
group separation) specifications.

Provably-Correct Control via Formal Methods

Aksaray’s team develops
algorithms for safe and
resilient operation of
autonomous systems
Background						
Autonomous systems are increasingly becoming a part of our
lives. For example, drones are used to survey an area or deliver
a package; and we envision autonomous cars sharing roadways
with humans, and robots servicing hospitals and hotels. These
applications are enabled by recent developments in computing,
manufacturing, and networking technologies.
However,
continuous progress in autonomy faces several obstacles: how to
achieve desired performance in partially known and unstructured
environments; how to design control architectures with safety
and performance guarantees; and how to develop autonomous
systems that can safely operate in proximity to humans and
possibly collaborate with them to achieve a common objective.
AEM Professor Derya Aksaray is developing a research program
to address such issues through reactive planning strategies
for resilient operation of robots in the face of disturbances.
Aksary and her team have sought to find solutions that can
make autonomous systems safer and more reliable through
synthesizing provably-correct controllers to guarantee desired
behaviors, and by designing models and algorithms that enable
autonomous systems to effectively team with humans and other
robots.						
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Modern complex systems consist of physical elements and
software that closely interact with each other. In the absence
of software, control theory provides various techniques to
rigorously design a closed loop system. In the absence of
dynamical models, formal methods provide effective tools for
verifying complex specifications of software or hardware. Over
the last two decades, there has been a great interest in using
formal methods to verify complex control systems.
An essential idea in formal methods is specifying the desired
complex requirement in a formal, rigorous, and compositional
way. To this end, suitable temporal logic is used to describe
such specifications (which are more than classical stability or
controllability). For example, temporal logic can compactly and
rigorously define various requirements related to persistence,
invariance, reachability, response, precedence, progress,
stability, or correlation. Accordingly, the goal in the intersection
of control theory and formal methods research is to synthesize
a controller for a dynamical system that will guarantee the
satisfaction of the desired temporal logic specification.
Swarm Autonomy: A Formal Methods Approach
		
Professor Aksaray and her students, Sepehr Seyedi and Ryan
Peterson, collaborating with University of Minnesota - ECE,
Drexel University – CS, and Siemens have recently been
exploring the use of formal methods in a DARPA funded
project regarding swarm autonomy. In this project, a top-down
approach is proposed for provably correct control of a swarm.
Specifically, computer games and artificial intelligence are used
to decompose the swarm into squads and generate squad
strategies via Monte Carlo tree search. The squad strategies are
decomposed into individual robot tasks described by temporal
logic. Figure 1 shows a schematic of a possible logic, while
Figures 2 and 3 show a laboratory experiment using formal
methods to guide quadrotors on a specific mission.

Research
Resilient Autonomy via Formal Methods
In real-world applications, systems (UAVs, robots, autonomous
cars) are subject to various disturbances (e.g., external, systemic,
human-triggered) some of which may not be anticipated a priori
to operation. Even though such disturbances can be modeled,
designing a robust system to a rich set of disturbances may result
in a very conservative solution. Hence, resilient systems become
more desirable in real-world operations. Resilience can be defined
as the ability of the system to absorb, restore, and adapt under
disturbances. In other words, it implies both robustness and
recovery (or re-planning) in the face of uncertainty.
Professor Aksaray aims to address some fundamental research
challenges pertaining to resilient autonomy from a formal
methods perspective. Given a temporal logic formula and a
dynamical system, the state-of-the-art algorithms can synthesize
control policies that guarantee the satisfaction of the temporal
logic. However, if the temporal logic is not satisfiable, then the
algorithm terminates and returns no solution. Aksaray mainly
focuses on how to minimally modify the temporal logic formula
so that it becomes satisfiable. This is an open-ended research
question as there is no explicit definition of distance between
temporal logics. Prior work by Aksaray introduced the notion of
temporal relaxation and proposed an algorithm that guarantees
minimal temporal relaxation of a given formula. Extending this
study, she and her students will explore novel ideas for minimally
relaxing temporal logic specifications to achieve full or partial
recovery in the face of infeasibilities.

Figure 2: Persistent surveillance over regions A, B, C,
and D by two quadrotors. Initially, each quadrotor
is landed on a charging station for refueling. During
the mission, whenever a quadrotor reaches a critical
energy threshold, it stops contributing to the mission
and immediately returns to a charging station.

Figure 3: Quadrotor 1 is monitoring region A and will
move to region B next. Quadrotor 2 is monitoring
region C and will visit region D next. Both quadrotors
need to avoid brown region while moving in the
environment. Monitoring A and then B and monitoring
C and then D should be repetitively achieved.

Professor Derya Aksaray joined the department March of 2018 as Assistant Professor. She received
her B.S. in Aerospace Engineering at the Middle East Technical University and her M.S. and Ph.D. in
Aerospace Engineering at the Georgia Institute of Technology. Previously, she was a Postdoctoral
Associate with Massachusetts Institute of Technology and Postdoctoral Researcher at Boston
University. She has received awards from the 2013 AIAA Infotech@Aerospace Conference, 2013
American Control Conference, and 2008 AHS Helicopter Design Competition. Professor Aksaray
is also a member of the American Institute of Aeronautics and Astronautics and the Institute for
Electrical and Electronics Engineers.
Professor Derya Aksaray
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AEM Social Media
The Department of Aerospace Engineering & Mechanics has launched an official Twitter and Instagram page.		
																
Follow us at twitter.com/umnaem and @umn_aem on Instagram to stay updated on department events, student
competitions, activities, and exciting events within the College of Science & Engineering and the field of Aerospace
Engineering & Mechanics.
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