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Welcome to the University of St. Thomas School of Engineering 2020 Senior Design Clinic. This book

is just one part of celebrating the incredible accomplishments of our seniors. Through their hard work,
they have developed into truly remarkable engineers. They hold the powerful combination of skills and
character that will, without question, make the world a better place as they go forward from St. Thomas.

What you see in these pages are projects that were nothing more than ideas several months ago. From
dreams to reality, from an industry problem to a working solution, these projects are the culmination of
two semesters of hard work by St. Thomas School of Engineering seniors.

Each year, more than thirty companies and non-profit organizations engage our students with real-world
engineering challenges. They ask, ‘Is this possible?’ and let the teams go to work.

The teams will say, ‘At times the going gets tough’. It is every team’s experience. And this year, with the
adversity faced with the COVID pandemic it has been especially true. On reflection, each can take stock
in the character traits of resiliency, perseverance, courage, patience, tolerance, and wisdom gained by
facing not only the adversities inherent in project design, but also the external adversities brought on by
the current pandemic.

While this spring was not what we planned, some of what is playing out is what we want to capture in the
St. Thomas Senior Design Clinic. Students gaining new skills outside of the classroom, in planning, in
budgeting, and in working on a real-world problem that has no obvious or pre-determined solution, and
in adjusting to unforeseen circumstances. The beauty of the Senior Design Clinic is when the comforts
of well-defined textbook problems are abandoned; real engineering emerges. What you see in these
pages is the manifestation of this uncertain process, which translates ideas into reality.

In short, what you see here is engineering!

We are grateful for the support of the sponsoring companies and organizations who have committed
their funds, equipment, and time, to make this a truly great experience for our students. We are
especially grateful for the support of the family, friends, and mentors on whom each of our seniors has
relied, to reach this point in their incredible life journey.

Again, thank you and enjoy!

=S|

Dr. Don Weinkauf

Dean of the School of Engineering
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LOWER BODY DIFFERENTIAL
PRESSURE SYSTEM

From left to right: Elizabeth B. Johnson, Charles A. Augustine,
Troy R. Louwagie, and Thomas J. Lee

PROJECT SUMMARY

Current cardiology patients undergo a stress test, typically

in the form of an exercise test, to evoke their symptoms. Any
movement from the test can interfere with echocardiographic
imaging used for diagnostics. Cardiologists have found that
applying negative pressure on the lower body invokes a
similar stress on the heart, by decreasing the rate at which
the blood returns and the volume of blood entering the
arteries. Positive pressure has the opposite effect. In addition
to movement interfering with imaging, many patients cannot
perform the exercise test, due to age or other physical
inhibitors. The ability to use both positive and negative
pressure, while eliminating patient movement and reaching
a wider range of patients, could transform cardiovascular
research.

DESIGN GOAL

The goal of this project is to deliver a Lower Body Differential
Pressure System design and functional prototype. This
system will be used with current cardiology technology to
improve imaging.

Control interface
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TEAM 1

INDUSTRY REPRESENTATIVE
Tyler Van Buren

FACULTY ADVISOR
Scott Christenson

DESIGN CONSTRAINTS

® Maintain internal pressures of +80
mmHg to -100mmHg and hold the
pressure within 5% of the set value.

® Approach the desired pressure at a
rate no greater than 5 mmHg/sec.

® Pressure shall be variable either
continuously or in increments of 5
mmHg.

e Chamber shall accommodate all
patient sizes from 4'-7" in height
and 24"-55" waist measurement.

e System shall have readouts of
pressure, temperature, and
humidity within 2% of the actual
value.

* Noise level shall be kept at or
below 75 dB.

¢ System shall be intuitive and
require minimal training.
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LEVER ACTUATED MITRAL VALVE
DELIVERY SYSTEM

) Abbott

TEAM 2

INDUSTRY REPRESENTATIVE
Preston Huddleston

FACULTY ADVISOR
Dr. Tom Secord

From left to right: MaryJane E. Pederson, Dominic W. Hafner,
Nicholas K. Peter, and Isaac T. Fennewald

PROJECT SUMMARY

Mitral valve regurgitation occurs when a patient’s mitral
valve fails to close completely, causing blood to backflow
in the heart. When this occurs, a replacement valve needs
to be inserted in the patient’s heart. This can be done
through open heart surgery, or via Transcatheter Mitral Testing of the interior
Valve Replacement (TMVR). TMVR involves accessing mechanismcliiaiEe
the heart through a small hole in its apex and inserting
the replacement valve using a tube. It is significantly
less invasive than open heart surgery, much safer, and
requires less time for recovery.

DESIGN GOAL

The goal of our project was to design a TMVR
mechanism capable of loading, delivering, and
readjusting a replacement mitral valve.

DESIGN CONSTRAINTS
® Mechanism must be able to provide sufficient force to

load the valve Actual mechanism

® Mechanism must be able to provide sufficient force to m

. R, < ]
deliver the valve rT ‘ﬂ!‘-\

® Must be smaller in length than current generation
system

® Must be user friendly and ergonomic



IMPLANT RECHARGING SYSTEM

From left to right: Jacob L. Hammond, Derek J. Olmschenk,
Sandra L. Hawley, and Jacob P. Komarek

PROJECT SUMMARY

Medical implants are now using rechargeable batteries
instead of the disposable type that required periodic,
invasive surgery to keep the device operating. However,
the current recharging process can be arduous for patients,
forcing them to keep the device close to themselves and
stationary for up to an hour a day. Our project aims to
improve this recharging process by increasing the effective
charging distance as well as the effective charging area and
integrating the recharging process into the patient’s normal
sleep cycle. Our system achieves this through adaptive
wireless power transfer, which automatically selects the most
effective of three large coils implanted in a mattress using

a variety of sensors and control algorithms designed using
mathematical models and computer simulations.

DESIGN GOAL
To increase the charging distance from 3 cm to 10-20 cm,
create an effective charging area of 3 ft 2,

and incorporate the recharging device into the user’s
everyday lifestyle, all to ease the burden of the recharging
process. A

Medtronic

Further, Together

TEAM 3

INDUSTRY REPRESENTATIVE
Dr. Robert J. Monson
Andrew T. Fried

FACULTY ADVISOR
Fr. Brian Zuelke

DESIGN CONSTRAINTS
e Ability to charge an implantable device
at a distance of 10 to 20 cm

e Ability to charge an implant located
throughout any part of the torso

* Must offer the user greater flexibility and
comfort

® The system must take the form of
flexible mat or pad

® Must offer a user-friendly interface

e Operates based on feedback from the
implantable device

® Must prevent overcharging
® Must limit tissue thermal exposure

® Must conform to applicable safety
standards and regulations

® Must operate off 120 VAC @ 60 Hz
e Must have a cost of less than $2000

Computer Aided Design of Final Prototype
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3M STATIONARY & OFFICE SUPPLIES DIVISION

From left to right: Charles L. Anderson, Andrew C. Elliott,
Ebenezer K. Dadson, and Tony T. Pham

PROJECT SUMMARY

3M is well known for the invention of Post-it notes, used by

many to create physical reminders and capture ideas. With the
evolution of technology people tend to set reminders on their
devices through various methods including the digital Post-it

app. Even though methods like these are more accessible than a
physical note, they lack some of the benefits like the satisfaction of
physically throwing away a task when completed. Project Land-it
serves to bridge the gap between the digital and the physical note
taking world by providing a printer which can receive and print
your digital notes remotely with the quality of the Post-it brand.

DESIGN GOAL

The goal of this design is to create a minimally viable prototype
of a Post-it note printer and software which can allow the user
to take a digitally created note and send it to the printer which
physically creates and dispensed the note without the need for
user intervention.

DESIGN CONSTRAINTS

In the most general sense, the sponsor expressed to the team the
importance of designing a product which we would purchase on
the market. This idea alone created numerous constraints for the
team to deal with. Desk space is precious and the team tried to
design a printer which can be scaled down to take up less desk
space than a standard notebook. The team also realized how
much of a hassle working with ink cartridges can be, so the printer
was designed to run off of a standard pad of Post-it notes and

a pen. Finally, in order to be something that the user can utilize
remotely in their office space, while they are at home or other
location, the printer must dispense notes automatically without the
need for user intervention between print jobs.

Sclence,
Applied to Life.,”

TEAM 4

INDUSTRY REPRESENTATIVE
Sithya Khieu
James Magargee
Andrew Merten

FACULTY ADVISOR
Dr. Chong Xu

A digital and physical prototype of
Land-it able to performs essential
functions.

A rendering of the Land-it prototype
with a potential enclosure and catch
tray.



AUTONOMOUS MOBILE
ROBOT CUSTOMIZATION

From left to right: Cole R. Montour, Ryan M. Jans, and
Brandon K. Kerrick (not pictured Gage L. O'Brien)

PROJECT SUMMARY

This project involves the design, creation, and implementa-
tion of a new display structure prototype to be mounted atop
a Fetch Robotics Frieght100 autonomous robot. The structure
will replace an existing shelving unit and will be used at trade
shows and events to showcase the scanners, mobile printers,
and other warehouse inventory equipment sold by Supply
Chain Services (SCS). Along with aesthetic presentation and
display of SCS products, an external power source is stored
within the design to power and charge the mounted scan-
ners within the structure.

DESIGN GOAL

The goal of this project is to create a prototype robot attach-
ment structure which can be used to display supply chain
optimization products that include scanners, mobile printers,
and wrist mounted computers.

Finalized CAD Model of
Attachment Shelf Design.
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’/ SERVICES

TEAM 5

INDUSTRY REPRESENTATIVE
Ted Strauss
Chip Emery

FACULTY ADVISOR
Dr. Hassan Salamy

DESIGN CONSTRAINTS
e Support Weight of products without
bending or sagging

e The structure dimensions shall be within 24
in wide by 48 in tall

e Structure shall weigh less than 100 Ibs.
Unloaded

® The structure shall charge scanner
products loaded onto docking ports on
structure

e Structure shall be removable with use
of basic tools in under 30 minutes for

shipping

® The structure shall interface with
Freight100 to display robot and SCS
information

® The structure shall be able to be packaged
and shipped in existing shipping crate for
Freight100 robot attachment

* The structure shall be stable and remain
upright on top of robot without failure
during collisions up to 1.5m/s (max
unloaded speed of robot)

* The structure shall meet all applicable
standards for vertical shelving/building



SENSOR SYSTEM TO PREVENT HEAT-RELATED
TRAGEDIES IN PASSENGER VEHICLES

From left to right: John M. Cullinan, Alex A. Doerr,
Savannah M. Johnson, and Michael S. Foss

DESIGN GOAL

The goal of this work is to prototype a sensor system to
prevent the high number of child vehicular heatstroke
deaths that occur within the United States due to natural
causes of the environment.

“* Due to the confidential nature of this project, the
sponsoring company has requested specifics be removed.”

TEAM 6

COMPANY
CONFIDENTIAL

FACULTY ADVISOR
Dr. Bob Mahmoodi

DESIGN CONSTRAINTS

® The prototype shall be able to sense all
vulnerable individuals in the vehicle no
matter the location.

® The prototype shall not drain the vehicle
battery.

® The prototype shall be able to sense all
demographics of people no matter their
age, physical ability, or physical state
such as sleeping.

® The prototype shall not obstruct the
driver when installed.

* The prototype shall not falsely trigger.

* The prototype shall function up to a
temperature of 150F.

® The prototype shall be compatible with
at least one make/model and year of a
vehicle.



SOUND ANALYSIS FOR HVAC EQUIPMENT

From left to right: Stephen W. Bourne, Peter A. Farley,
Za Vang, and Noah T. Kopen

PROJECT SUMMARY

Heating, Ventilation and Air Conditioning (HVAC)
systems are commonplace today, and in some
industries are necessary for day-to-day operations. In
these circumstances, downtime caused by a component
failure can lead to both a time consuming and costly
outcome. Trane, a manufacturer of HVAC equipment,
wants to develop a product which acoustically monitors
these systems, and predicts failures before they happen.
To do this, Trane hopes to implement a device which
uses microphones and computer software to detect
abnormal operating sounds. Trane hopes to minimize
the occurrence of HVAC failure through doing this.

DESIGN GOAL

Our goal is to develop a device which can detect sound
abnormalities similar to those one may find in an HVAC
system prior to failure. This proof-of-concept is to show
Trane the abilities of current technology.

TRANE

TEAM 7

INDUSTRY REPRESENTATIVE
Sean McCoy

FACULTY ADVISOR
Dr. Lucas Koerner

DESIGN CONSTRAINTS

Major design constraints for

the device include the ability to
filter out ambient noise such as
human voice, thunder, vehicles,
etc. The device must be able

to work properly in an outdoor
environment which entails rain,
heat, cold, dust, etc. Software
used by the device should run on
a Linux based processor. Finally,
the price of the device’s hardware
is an important criteria where
‘good’ is defined as less than $10,
‘better’ as less than $5, and ‘best’
as less than $2.50.



ONLINE MONITORING SYSTEM DISPLAY

From left to right: Matthew T. Schewe, Anthony E. Buchanan,
and Bernadette M. Dehnert

PROJECT SUMMARY

One of the services HRST provides is maintaining Heat
Recovery Steam Generators (HRSGs) within gas/steam
power plants. HRSGs recover the heat from gas exhaust

and create high energy steam. The temperature of this
steam is controlled by spraying water into the flow, using

a device called an attemperator. Because the water is cool
compared to the steam, the pipes near the attemperator

can experience thermal shock due to overspraying of cool
water or valve failure. The senior design team has developed
a method to monitor conditions around an attemperator, to
aid in predicting failures, and to recommend preventative
maintenance. In addition, the team also created a model that
will be used to demonstrate the solution at trade shows.

DESIGN GOAL

The goal of this work was to develop a model of an
attemperator to be used at trade shows, along with a user
interface to display temperature and acoustic readings from
sensors and alert the user of concerns in the attemperators
operation. As part of this work, the team also evaluated and
validated a system of sensors to measure temperature and
acoustic noise at and near an attemperator.

“HRSI

TEAM 8

INDUSTRY REPRESENTATIVE
Souren Chakirov
Anand Gopa Kumar

FACULTY ADVISOR
Dr. Kundan Nepal

DESIGN CONSTRAINTS

* Design shall include 5-10
temperature sensors with a final
accuracy of = 2 °F or less

e Design shall include 1-2 acoustic
sensors

* In the model attemperator, water
droplets from a nozzle shall cool
an elbow downstream of the
nozzle, to mimic overspray.

¢ Data from the sensors shall be
displayed on a laptop, and the
data needs to be transmitted to
the laptop wirelessly

® The user needs to be alerted of
potential problems in the system,
via text message, email, or alerts
on the laptop screen



HORIZON RPS DRILLING MACHINE

From left to right: Joshua D. Shade, Eden J. Spencer,
Michael J. Morgan, and John D. Slack

PROJECT SUMMARY

On flat, commercial roofs, Reinforced Perimeter Strips (RPS)
are installed to attach a rubber membrane to a concrete
retaining wall. Holes must be drilled through the RPS into the
concrete wall. This is a labor intensive job for workers due to
the low height at which numerous holes must be drilled in the
wall to secure the RPS with fasteners. Automating the drilling
of these holes will increase the efficiency of installing RPS. The
Drilling Machine will free up workers to focus on jobs which
require more complex human labor.

DESIGN GOAL

The goal of this work is to design subsystem technologies
for the machine that automate the drilling process and
autonomously move the drill along the length of the wall.
Other subsystem technologies designed include a system
to clamp the machine to the wall, the controls system and
sensors to monitor the operation of the machine.

Image of worker installing
the Reinforced Perimeter Strip

Solidworks model of the
RPS Drilling Machine

TTURIZON
n

roofing
TEAM 9
INDUSTRY REPRESENTATIVE

Kurt Scepaniak

FACULTY ADVISOR
Dr. Michael Hennessey

DESIGN CONSTRAINTS
e The Machine shall drill four
holes at a time

e The Machine shall move on its
own in increments of four feet

® The Machine shall detect
obstacles or edges in its path

e The Machine shall have
adjustable arms to clamp to
the wall

® The Machine shall not damage
the roofing surface or wall

® The Machine shall function in
humid and dusty environments
with temperatures up to 1300F

Solidworks model of the
Drilling Mechanism



GREEN CLAMPING

From left to right: Drew J. Winkoski, Jared J. Klassen,
Haley W. Larson, and Hunter A. Marosi

PROJECT SUMMARY

Our team has been tasked with creating a more
environmentally friendly solution than Wilson Tool’s current
press brake clamping method. This requires eliminating

the hydraulic system and replacing it by producing the
necessary force through an electromechanical or pneumatic
option. This new design consists of modular segments,
which reduces shipping costs and allows for individual
control of various segments of the overall beam clamp. The
modularity addition should have no negative impacts on
overall system performance when compared to the current
hydraulic solution. This means that the design must maintain
approximately the same profile, not lose clamping force

if power to the system is lost, and it should fully actuate in
under one second.

The internal system of the final working
prototype for a single module.

! VWILSOM
TOOL

TEAM 10

INDUSTRY REPRESENTATIVE
Tony Schwartz

FACULTY ADVISOR
Tony Beck

DESIGN GOAL

* Design an eco-friendly solution to
compete with or improve upon Wilson
Tool's current line of hydraulic clamping
systems.

DESIGN CONSTRAINTS
e Shall not use any hazardous fluids

e Shall maintain clamping force in the
event of power loss

e Shall be able to be shipped in pieces to
be assembled at destination

¢ Shall actuate in under one second

The press brake
clamping beam
with six modules
mounted as they
would be on a
brake press.



TRASH CAN SEAM LOCK AUTOMATION
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TEAM 11
INDUSTRY REPRESENTATIVE
Bill Bellingham
FACULTY ADVISOR
Bob Bach

From left to right: Robert P. Gartlan, Kaung N. Han,

Nicola J. Nodland, Jonah M. Schoenfelder, and Cullen A. Hilliker
PROJECT SUMMARY DESIGN CONSTRAINTS
The team was tasked with fully automating 3 of the 7 process * Must take 6 seconds or less to produce

steps for a 100-year-old process to produce a 31-gallon Beh- one can
rens Manufacturing steel trash can. The new design will elimi-
nate all human involvement in order to decrease cost for Beh-
rens as well as to increase safety for workers that are currently
at risk for injury. The final output will be 50% more repeatable
and reduce the total scrap from .8% to .4%. The proposed

® The design must cost $750,000 or less
to implement

automated design will output a new can every 6 seconds, as * No human involvement during the
opposed to the current cycle time of about 10 seconds. This entire process

system will double Behrens' capacity to produce cans as well

as maximizing each shift on their floor. e The design has to intake a roll of steel
DESIGN GOAL and output a seamed can with 44

The goal is to develop an automation process with zero hu- corrugations

man involvement that can produce a 31-gallon trash can every
6 seconds. This process must be kept within the given budget Reaction Force
and must increase safety and precision to the current process. Normal to Punch (1)

ANSYS Analysis
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SOLIDWORKS Model ANSYS Simulation of Necessary Force for
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