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Friends of MSOE:

Senior projects at MSOE are a long-standing tradition. The showcase is in large part a 
celebration: an opportunity for friends and family, faculty and staff, and community 
partners and corporate sponsors, to bear witness to the bodies of work that define the 
graduating class. 

Every fall, MSOE seniors across program areas put the knowledge they’ve gained and 
skills they’ve honed over their academic career to the test. Working with faculty advisors 
and industry partners, they form teams —or work individually—to solve a problem, 
improve a product or process, or create something entirely new. After months of learning 
and discovery, building and deconstructing, successes and failures, the culmination of 
these efforts are put on display during the Senior Project Showcase.

While the COVID-19 pandemic situation prevented us from holding a Senior Project 
Showcase in 2020, we are proud to share this compilation of the students' projects and 
commend them for their hard work and dedication. We can only imagine where they will 
go next and what they will accomplish, knowing only—and with great certainty—that it 
will be extraordinary.

Have a project idea? 

Send your suggestion to Angela Rome, executive administrative assistant, by Aug. 5 to 
be considered for the 2020–2021 academic year. Include a brief description of any senior 
design project, class project or internship position along with the name, address, email 
address and telephone number of the project contact person. Project ideas submitted for 
engineering courses must have a significant design component. Submit ideas to:

VP of Academics Office 
1025 N. Broadway 
Milwaukee, WI 53202-3109 
(414) 277-7190 
rome@msoe.edu 
msoe.edu/senior-projects
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Senior Design

The following list of senior design projects, class projects and internships, compiled with 
the help of the academic department chairpersons and program directors, represents an 
important segment of student academic activities conducted during the 2019–2020 year. 
A variety of projects were completed, some for outside organizations and some for the 
benefit of the university. 

MSOE has a very strong relationship with industry, and many senior design projects 
often originate in companies where students work as interns. Senior engineering students 
work in teams on senior design projects, which most students begin planning in the 
spring of their junior year.

Most engineering senior design projects run through the Fall, Winter and Spring 
Quarters. In the fall, design teams define a design problem, identify several alternative 
solutions and develop a project plan for evaluating the possible solutions and solving  
the problem. 

Students develop a thorough project proposal, often working with the MSOE 
Institutional Review Board. The Winter and/or Spring Quarters emphasize design,  
where students draw from their specialty courses. At the end of the design  
project, students are expected to have produced complete project documentation  
and written reports and oral presentations are required.

Business and user experience and communication design students must complete  
an internship in the area of their intended career as part of their curriculum.  
Internships allow students to apply the skills that they have learned in the classroom  
in a work setting.

Nursing students complete senior research projects. Collaborating with staff nurses, 
nurse administrators and physicians, they work to implement a change in some aspect  
of the health care process.
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Architectural Engineering and 
Construction Management Senior Design 
Student Projects

Project: Harbor District Gateway Site 
Student Teams: A, B, C 
Faculty Advisors: Susan Becker, Christine Brotz, Adam 
Friedman, Dave Grassl, Robert Lemke, Cory Powers, 
Jayme Radomski

The Milwaukee Harbor District, Inc. is looking at a feasibility 
of developing a half-acre site on the SE corner of Greenfield 
and South First Street. This piece of land can serve as a 
gateway to the Harbor District location. The client would like 
a sustainable building that celebrates its structural elements 
and is welcoming to the Milwaukee community. The Section 1 
students will undertake three different development proposals 
and assist the District on determining feasibility alternatives. 
The three proposals undertaken by the three student teams 
will be:

 1.. A 4-5 story boutique/bohemian style hotel with first floor 
 retail.

 2. A 4-5 story live work development with first floor 
 activation and affordable housing options.

 3. A 4-5 story makerspace building..

Civil and Architectural Engineering and 
Construction Management Department
The architectural engineering and construction management senior design project is a 
pseudo-design/build project involving a client, faculty team and professional construction 
mentors.

The project teams are composed of students from the architectural engineering (with 
design specialties in structural, mechanical, and electrical) and construction management 
programs. The one-year project starts with programming and includes the design concept 
through development, working drawings and construction management. The design 
process includes architectural engineering systems selection and analysis. Construction 
management includes construction methods, project feasibility, estimating and cost 
analysis, and project scheduling. Presentation and communication skills are reinforced 
by the formal presentations to a jury consisting of the client and construction industry 
representatives.

TEAM A
Nora Adkins 
Kyle Barone 
Kyle Davis 
Jaden Doornink 
Kathryn Ebert 
Alex Rowland
Sullivan Schrandt
Nathan Tremore

TEAM B
Hajar Alasfour 
Cypress Borgialli 
Sam Burke 
Brendon Demille
Josh Lang
Alex Olson
Austin Paumen

TEAM C 
John Herne 
Cassidy Jackson 
Jacob Killian 
Michael Johnston 
Thomas Lindgren
Pat Plier
Serena Vetter
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Project: The New Eye Institute Building for The Medical 
College of Wisconsin 
Student Teams: D, E, F 
Faculty Advisors: Shauna Boyer, Sarah Kannass, Michael 
McGeen, Tamara Omari, Cory Powers, Jayme Radomski, 
Robert Schumacher

The Medical College of Wisconsin Campus is located on the 
County Grounds in the City of Wauwatosa. This Eye Institute 
building will be approximately 8 stories with 120,000-square-
feet. It will include clinics, dry and wet lab spaces, surgical 
rooms and office spaces. This building will connect to 
Froedtert Hospital to the west via a skywalk. Budget will 
be approximately $50 million. Client requests cast in place 
concrete as the structural system because of concerns about 
vibrations affecting sensitive surgical equipment. This new 
facility will be constructed on a tight site adjacent to the 
existing Eye Institute on the east. The existing facility must 
remain in service until the new building comes online.

TEAM D
Nate Beavers 
Jacob Howell 
Devon Mayo
Nora Ureche
Noah Vaculik
Montserrat Valles
Justin Wilson

TEAM E
Rawan Alhoolan
Habiba Aly
George Evers
Ben Kaplan
Yavori Luenig
Brooke Scott
Xiao Wang

TEAM F
Savana Black 
Trevor Brown
Lucas Hass
Jackson Killian
Jenna Powers
Logan Stone
Robin Yoon

Key:
(A) Architecture
(CM) Construction Management
(CM/PM) Team Project Manager
(E) Electrical
(EE) Building Electrical Systems
(Env) Environmental
(F) Fire Protection
(H) HVAC
(ME) Building Mechanical Systems
(P) Plumbing
(S) Structural
(ST) Building Structural Systems
(WR) Water Resource
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Civil Engineering Senior Projects

Project 1: An observation deck and trail on the top of an 
escarpment in the Potawatomi State Park 
Client: Wisconsin DNR

Trail about half a mile in length to connect points of interest 
in the north area of the park. Deck to extend over edge of 
escarpment and provide view of landscape. Deck must be 
handicap accessible. Budget is under $300,000 to maintain 
local approval. Maintenance costs MUST be kept low.

Project 2: Accessible Observation Deck and Accessible 
Retrofit in High Cliff State Park 
Client: Wisconsin DNR

Two alternatives are being developed for the Wisconsin DNR: 
a design for a retrofit of the exiting observation tower and 
the design of a new observation structure. The retrofit will 
make the first viewing platform of the existing structure ADA 
accessible. A ramp will take visitors from the ground level 20 
feet up to have a better view off the cliff. The new observation 
structure will be located at the southern scenic overlook in the 
park and will also feature an ADA accessible viewing platform. 
This deck-like structure will protrude from the cliff edge, giving 
visitors an unobstructed view of Lake Winnebago and will also 
provide access to Lime Kiln Trail below.

Project 3: Municipal Wastewater Treatment Facility  
Client: City of Joyabaj

Two facilities to serve 5,000 people in Joyabaj, Guatemala. 
There is currently no treatment facility in place, only a 
collection system. Treatment standards are to be 50 mg/L 
TSS and 50 mg/L BOD; however, future expansion to lower 
standards should be considered. Operation and maintenance 
costs are extremely important. The treatment system should 
minimize the use of pumps by utilizing the steep slope to 
gravity feed the system. There is no budget reserved at this 
time, so potential funding sources need to be considered.

TEAM MEMBERS
Sreyashi Biswas (S) 
Brandon Kennedy (S) 
Dena Potacki (Env) 
Daniel Stracener (S) 
Amy Williams (CM)

TEAM MEMBERS
Joey Batcher (S)
Michael Mitsch (S) 
Tyler Osiecki (S) 
Dena Potacki (Env) 
Drake Taxon (S)
Brady Thiering (S)
John Wilson (CM)

TEAM MEMBERS
Christine Boland-Prom (Env) 
Rebekah Janquart (Env) 
Jamie Nguyen (Env) 
Julian Sonn (CM)
Jamie Sykora (Env)
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Project 4: An “Industrial” Wastewater Treatment Facility 
Serving a Hospital 
Client: City of Joyabaj Regional Hospital

The facility will be a full-scale demonstration unit. It will serve a 
rural hospital with 50 beds and serving 75 patients each day in 
a developing area of the world. Staff is 25 per day. Effluent goal 
is elimination of all pathogens. Unit to be used worldwide if 
demonstration proves successful. Operation and maintenance 
costs are extremely important.

Project 5: Paw Print Park 
Client: City of Janesville

The City, in conjunction with local residents, is going to 
develop an open area to become a dog park. The deliverable 
will be a plan to be implemented over a number of years. 
Human and canine needs will need to be considered.

Project 6: County Line Campground 
Client: County Line Campground 

Planning and design of a private campground. The 
campground site is currently a 75-acre farm with two houses, 
three sheds, and a pond. The campground will consist of 
about 275 sites. About 200 of those sites will be seasonal with 
campers occupying those sites for most of the year. The rest 
of the sites on property will be a typical reservation system. 
A main feature of the campground will be the activities that 
will be available. A pond, concert stage, jumping pillow, and a 
petting zoo will all be available for people at the campground. 
Daily passes will also be available to utilize these features as 
well as use the barn that will be renovated to have events.

FACULTY ADVISORS 
Dr. Phillip Ciha (CM)
Dr. Todd Davis (S)
Dr. William Gonwa (WR)
William Krill (Env)
Douglas Nelson (Env)
Dr. Jera Sullivan (CM)

TEAM MEMBERS
Zachary Binversie (Env)
Christine Boland-Prom (Env)
Blake Bostwick (CM)
Rebekah Janquart (Env)
Casey McQuin (Env)
Rachel Montavon (Env)
Jamie Nguyen (Env)
Jamie Sykora (Env)
Julian Sonn (Env)

TEAM MEMBERS
Ryan Kocher (CM)
Ethan Maro (CM)
Akash Vincent (Env) 
Savannah Zemanovic (CM)

TEAM MEMBERS
Zachary Blair (CM)
Joseph Ching (CM)
Cecily Fico (CM)
Lawrence Holmgren (Env)
Peter Lucht (CM)
Jared Olson (CM)
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 Rader School of Business Senior Projects
Student: Sean Stelter

Faculty Advisors: Dr. Michael Payne; Dr. Katrina Moskalik

 A strategic review of over-the-counter pain medication 
industry. I analyzed both their marketing segmentation 
and market share size and came up with a new theoretical 
approach based on primary research.

Student: Michael Marvel

Faculty Advisor: Dr. Katrina Moskalik

 Review and analysis of the New Zealand international study 
program in the Rader School of Business and how to optimize 
it, increase enrollment, and better understand credit transfers.

Student: Jacob Weaver

Faculty Advisor: Dr. Katrina Moskalik

 Analyzing the AFROTC program at MSOE for potential 
expansion in the program while maintaining and possibly 
increasing quality of the program.

  

Student: Nicholas Dallgas

Faculty Advisor: Dr. Katrina Moskalik

 Analyzing new customer service platform for technician 
quality with a local manufacturing firm. Potentially creating 
new processes and trainings to help raise these metrics.

Student: Christian Dahl

Faculty Advisor: Dr. Katrina Moskalik

 Review and analysis of the German-American exchange 
program in the Rader School of Business and how to optimize 
it, increase enrollment, and recommendations for semester 
conversion.

Rader School of Business
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Student: Benedikt Bohlen

Faculty Advisors: Dr. Rainer Lehmann; Dr. Katrina Moskalik; Dr. Michael 
Payne

 German Thesis Project. Working with BVK, a full-service 
advertising agency, this project focused on digital marketing 
tool analysis and process development to fit customer needs.

Student: Eike Hillrichs

Faculty Advisors: Dr. Kenneth Dobbs; Dr. Rainer Lehmann; Dr. Katrina 
Moskalik

 German Thesis Project. Working with LEMAN, a logistics 
company, this project focuses on debit reconciliation and 
process improvement for this account payable system.

Student: Finn-Luca Kalex

Faculty Advisors: Dr. Rainer Lehmann; Dr. Katrina Moskalik

 German Thesis Project. Working with HellermannTyton, a local 
manufacturing company, this project is working on a custom 
labeling standard to better meet customer needs and improve 
internal efficiencies.

 

Student: Felix Krause

Faculty Advisors: Dr. Rainer Lehmann; Dr. Katrina Moskalik

 German Thesis Project. Working with BVK, a full-service 
advertising agency, this project is developing an assessment 
tool on organizational, team and individual level.

Student: Fenja Rahn-Marx

Faculty Advisors: Gene Wright; Dr. Katrina Moskalik; Dr. Rainer Lehmann

 German Thesis Project. Working with Wisconsin Expo, a 
tradeshow contractor, this project is choosing a customer 
relationship management tool, implementing the chosen tool, 
and designing a sales process for the chosen tool.
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Student: Jonathan Ritzkowsky

Faculty Advisors: Cynthia Mand; Dr. Katrina Moskalik; Dr. Rainer Lehmann

 German Thesis Project. Working with LEMAN, a logistics 
company, this project scope is to come up with a new layout 
and new procedures/processes in order to improve material 
flow and efficiency in the warehouse.

Student: Fynn-Brian Semmler

Faculty Advisors: Cynthia Mand; Dr. Katrina Moskalik; Dr. Rainer Lehmann

 German Thesis Project. Working with Lean Manufacturing 
Process, a local manufacturing company, this project 
is choosing a customer relationship management tool, 
implementing the chosen tool, and designing a sales process 
for the chosen tool.

Student: Söenke Schaeper

Faculty Advisors: Eric Lein; Dr. Katrina Moskalik, Dr. Rainer Lehmann 

 German Thesis Project. Working with Hydro-Thermal, a 
manufacturing company, this project scope is to create an 
SOP (standard operating process) identifying the steps 
needed to take an international sales order through the 
shipment process.

Student: Danny Scheel

Faculty Advisors: Dr. Michael Payne; Dr. Katrina Moskalik, Dr. Rainer 
Lehmann

 German Thesis Project. Working with HellermannTyton, a local 
manufacturing company, this project will collect and analyze 
data on trends and insights into the e-Business space to 
create a project plan on improvements to gain an advantage in 
reaching and engaging customers.
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Student: Mark Schrieber

Faculty Advisors: Cynthia Mand; Dr. Katrina Moskalik; Dr. Rainer Lehmann

 German Thesis Project. Working with Krones, a manufacturing 
company, this project focuses on quality improvement and 
continuous improvement in order to increase and guarantee a 
high level of quality standard in the future.

Student: Conner Zimdars

Faculty Advisor: Beth Slayman

Project: Project Plan to Create an Off-site Data Center

 This capstone involves the MSOE student organization 
CRON (Cyber Raiders Organization for Networking), and a 
Milwaukee-based data solutions and services company Data 
Holdings (DH). The main scope of this capstone project is to 
develop a formal project management plan to address CRON’s 
growing IT infrastructure issues. The plan will encompass the 
activities necessary to establish a second off-site data center.

Student: Aditya Beura

Faculty Advisor: Beth Slayman

Project: Data Analytics–Software Release Performance

 This project addresses data discovery and analysis to provide 
metrics to provide insight into what constitutes successful 
technology releases performed by the IT Department at a 
large insurance company. The scope of the project includes 
identification and wrangling of pertinent data, and the 
application of various analytic techniques to quantify success 
characteristics and patterns.
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Student: Patrick Grund

Faculty Advisor: Beth Slayman

Project: Process Improvement for Sporting Goods Retailer

 Getting product off the truck and out onto the floor has been 
an issue at a local sporting goods store as the company 
has had multiple times where the back stock will be full of 
unpacked boxes due to an ineffective truck process. This 
affects not only store operations and revenues, but also their 
customers as they sometimes leave the store with an item 
that they wanted but the employee could not find. This project 
will map and analyze the current truck unloading process. 
Using process improvement methods such as Kaizen and the 
organizing process of 5S, I will develop alternative processes 
that better address the needs of the store.

Student: Maria Sanchez

Faculty Advisor: Beth Slayman

Project: Information Security Plan

 The purpose of this project is to develop an information 
security plan for a local tax preparation company. The plan 
will contain simple explanations of basic technical security 
concepts as a form of education for owners, investors and 
employees. It will outline best practices to protect internal 
data against cyber security breaches and the role that 
stakeholders play and how they will be affected in case of 
a cyberattack.  Additionally, the costs for implementing the 
various techniques will also be provided.   

Student: Evan Kearns

Faculty Advisor: Carol Mannino

Project: Discounted Cash Flow Model

 A discounted cash flow model was developed in excel with 
a tutorial. The purpose of the tutorial is to walk through the 
basic steps of how to use a discounted cash flow model. 
Specifically, DCF_Template_ROP.xlsx will be used to highlight 
the drivers of the model, and what must be changed when 
using this model to value a different company. The model is 
used to determine the price of a publicly traded stock.
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Student: Hope Rosten

Faculty Advisor: Carol Mannino

Project: Marketing Plan for Wealth Managers

 The purpose of this capstone is to develop a marketing 
strategy for wealth managers looking to expand their clientele. 
The capstone will segment markets based on different life 
stages. This way, the firms can reach all the target clients 
without being limited to an age group and general person, 
like the current marketing advice out there. With a templated 
style, one can tailor a strategy to their company, based on an 
individual’s stage of life, and a plan on how to implement that 
within their niche.

Students: Michael Cowell, Alexis Edinger, David Ellifson, Nathan 
Moore, Mack Stevens

Faculty Advisor: Carol Mannino

Project: Buy Side Financial Report of Badger Meter Inc. for the 
CFA Global Research Challenge

 The CFA Institute Research Challenge is a competition 
between university-sponsored teams that research a 
designated publicly traded company (Badger Meter), prepare 
a written report on that selected company, and then present 
their findings to a panel of judges. The team worked with their 
faculty advisor and an industry mentor to prepare the report 
and presentation.
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Humanities, Social Science and 
Communication Department

 User Experience Senior Projects

Student: Trevor Suarez

Faculty Advisor: Dr. Nadya Shalamova

Project: Commons Internship

 Over the past few months, Trevor has been a part of a 
couple of projects. These projects include West Bend Mutual 
Insurance and American Family Insurance. At the end of 
the accelerator, the Commons hosts demo day, which is a 
celebration of all the accomplishments achieved over the past 
couple of months. At demo day, tiger teams showcase the 
projects they have been working on and the resulting idea to 
the “how might we” questions.

 In total, he was a member of three different teams, one for 
each project. Some teams required him to be a participant and 
others required him to be a leader/organizer. This is where the 
4H’s come in. The 4H’s are hacker, hipster, hustler, and hurdler. 
Thanks to his experience at the Commons, he was able to 
learn more about his hacker and hustler traits.

 For each project, he was able to conduct research, create 
personas based on the insights found in research, brainstorm, 
and solve problems using divergent innovation.
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301Remover

Internet URL shortener services such as Bitly, TinyURL, 
and others centralize links to websites and by design are 
inherently harmful to the overall wellbeing of the internet. 
Link shortener services frequently seek profits by running 
ads or selling user analytics which creates privacy concerns 
for anyone who uses a shortened link. Additionally, shortener 
services frequently die which can cause millions of links 
online to stop working. These problems, and others, are 
addressed by the 301remover project through the active 
archival of shortened links discovered by users and automatic 
replacement of shortened links with their expanded links 
in users’ web browsers and other supported services. By 
archiving and bypassing the shortener services, 301remover 
provides a solution to the URL shortener problem and 
preserves links found on the internet for future generations.

ABET Companion

The ABET Companion is a web-application that can be 
used by ABET volunteers on their campus evaluation visits. 
Currently ABET volunteers have many scattered tasks 
that they need to complete in a timely manner. The ABET 
Companion provides a framework in which volunteers can 
get visual feedback on their progress, see different due dates 
for different tasks so that they don't fall behind, get context-
sensitive help, and make comments for themselves regarding 
their progress. The tool provides a dashboard for team chairs 
to monitor the progress of each program evaluator to ensure 
consistent progress of all team members.

Electrical Engineering and Computer Science 
Department

TEAM MEMBERS 
Benjamin Giese 
Benjamin Halligan 
Brandon Kandrapally 
Sean Lang 
Robert Laughlin

FACULTY ADVISOR 
Angela Wiedenhoeft

TEAM MEMBERS 
Aavery Grant 
Deshawn Kaegler 
Matthew Kouzios 
Andrew Lindsley

FACULTY ADVISOR 
Dr. Christopher Taylor
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Automated Antenna Testing Device (AATD)

There is a need at MSOE for a device that can measure a 
single-axis radiation pattern of different antennas in an easier 
manner than performing individual measurements by hand 
and have these measurements automatically collated and 
graphed on a user's PC. This Automated Antenna Testing 
Device (AATD) rotates an antenna under test (AUT) through 
one radial axis while receiving a constant controlled RF 
signal. The user can then turn the antenna 90 degrees and 
perform the same measurements through the AUT's second 
radial axis. This yields a radiation pattern of each axis that is 
suitable for most applications. The AATD interfaces with a 
user's personal computer to combine the collected data into 
graphs and formats useful for lab and education purposes. 
The user will use the personal computer to control the test.

Autonomous Wildfire Detection System

This project is a mountable camera that will be utilized to 
locate forest fires and transmit this data to first responders. 
The device shall be built to allow it to be mounted upon a 
tree as well as run on a battery pack. Its design will have a 
digital compass and a GPS for the device to know its location 
and orientation. This device will also have a thermal camera 
capable of rotating fully around in order to detect fire. Once 
a fire has been detected, the microcontroller of the device 
would then send the data regarding its location outward via 
Wi-Fi so that users might gather knowledge of where the fire 
is in relation.

Badger Meter Bluetooth to IR Fob

The Badger Meter Bluetooth to IR Fob is a newly designed 
device that will replace the current button to IR fob that 
Badger Meter sells. The new and old fobs are used to install 
Badger Meter flow meters and are used by utility companies. 
The new Bluetooth capabilities will allow the installation 
technician to be able to use an easier communication 
interface to do their jobs. The Bluetooth to IR Fob will allow 
the technician to place the fob on the flow meter, which may 
be underground or behind a furnace, and initialize the meter’s 
functionality using the fob from a distance. The fob will be 
able to operate for an entire day on a single charge. 

TEAM MEMBERS 
Aali Alotaibi 
Phillip Hiemenz 
Yushan Lin 
Ian Sanford 
Colin Wiese

FACULTY ADVISOR 
Dr. Luke Weber

TEAM MEMBERS 
John Benson 
David Bergquist 
Sofie Brown 
Jack Collins 
Guilherme Jurgensen

FACULTY ADVISOR 
Dr. Edward Chandler

TEAM MEMBERS 
Jacob Gamble 
Chase Glenn 
Kevin McElvain 
Bailey Payne 
Tim Schick

FACULTY ADVISORS 
Dr. Luke Weber

SPONSOR 
Badger Meter
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Battery-Powered Cooler

People want to keep drinks and food cold in remote 
areas; however, current coolers need ice, which has to be 
replaced, and powered coolers need to be plugged in to 
work. A battery-operated cooler is necessary to keep food/
beverages cold longer than a traditional ice cooler in remote 
locations. The cooler features RGB lighting, quad peltier 
junction cooling, and a water-cooling heat dissipation loop. 
The internal and external temperature are displayed on an 
intuitive user interface to inform the user of the cooler status. 
This cooler is powered by a 75Ahr battery but can be plugged 
into a standard wall outlet or a car’s 12-volt cigarette lighter 
port. The cooler is a 90 qt. cooler that contains the battery, 
the electronics, and the insulated storage container.

BioJVA (Joint Vibration Analysis) Device Optimization

The BioJVA is used as a diagnostic aid by physicians to 
analyze temporomandibular joint (TMJ) vibrations. The 
current device uses a data acquisition (DAQ) device that 
is unnecessarily large, expensive, and has other unutilized 
components and capabilities. This project seeks to replace 
the DAQ with a more cost effective and smaller analog to 
digital (A/D) converter. With a compact A/D converter, the 
housing unit that rests on the chest of the patient can be 
eliminated. Instead, the A/D converter, a redesigned signal 
processing board, and other electronic components can be 
housed completely in the headset. Additionally, the current 
position of the headset and the attached wires do not allow 
the device to be used in conjunction with other medical 
devices. By redesigning the device, the headset can be 
wrapped around the back of the patient’s head. This will allow 
for the BioJVA to be used simultaneously with other devices 
that operate in the same region. To address the attached 
wires, the optimized device incorporates wireless protocol to 
transmit the signals to the current BioPAK software. The new 
wireless protocol and A/D converted implemented cannot 
affect the integrity of the signals.

TEAM MEMBERS 
John Cameron 
Katie Kershaw 
Dakota Kunert 
Raymond Lor 
Zachary Rian

FACULTY ADVISOR 
Dr. Steven Fredette

SPONSOR 
WIS-PAK

TEAM MEMBERS 
Kyle Kretzer 
Elle Lanham 
Carlos Ossa Velandia 
Riley Rossbach 
Jamie Schara

FACULTY ADVISOR 
Dr. Olga Imas

SPONSOR 
BioRESEARCH Associates, Inc. 
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Campus Automated Bike Lock (CABL)

The Campus Automated Bike Lock (CABL) is a modular bike 
rack featuring an integrated Radio-Frequency Identification 
(RFID) module for authentication, activating a locking 
mechanism which removes the need for users to carry bike 
locks. Since the locking mechanism of CABL relies on the use 
of an RFID card, CABL would be best implemented on college 
campuses where bike riders and commuters already have 
possession of universal school IDs. Therefore, our primary 
customer is defined as collegiate universities, and the end 
users would be students of those schools.

CFM Tester

Engineers at Milwaukee Tool desire an efficient and easy 
way to monitor a power tool’s behavior including measuring 
battery current, battery voltage, airflow at tool intake/exhaust, 
and various configurable temperature measurements. Our 
team is developing a ground-up solution including physical 
devices/enclosures, electrical hardware, and software to 
help Milwaukee Tool save time and better analyze how their 
tools are performing. The device will include an enclosure 
with separate intake and exhaust compartments to more 
accurately monitor temperature and airflow. Flexible clamps 
will hold tools of all shapes and sizes, and various sensors will 
gather test data. Files will be stored on the device and can be 
referenced for later use. Engineers will use their laptop over 
wired connection to control the device, configure and start 
tests, view live feeds of tests running, and extract and display 
data files for further analysis.

Chapter 2 Quality Control Tool

This project seeks to replace an Excel-based macro 
application stored on a network drive with a quality control 
tool web application specially designed for the purposes 
of holding machining data for Chapter 2, Inc. It allows for 
the input of new job numbers and work orders, input of 
measurement data, and the exporting and visualization 
of measurement data. This tool utilizes React, Express, 
PostgreSQL with a RESTful API to communicate between  
a client and the server. 

TEAM MEMBERS 
Eric Albrecht 
Patrick Graham 
Samuel Herzog 
Matthew Petzke 
Bennett Rausch

FACULTY ADVISOR 
Dr. Eric Durant

SPONSOR 
Milwaukee Tool

TEAM MEMBERS 
Cody Michalek 
Nick Scharrer 
Alex Shulta 
Reid Witt

FACULTY ADVISOR 
Dr. Gerald Thomas

TEAM MEMBERS 
Max Beihoff 
Trey Gallun 
Lily Lux 
Donal Moloney 
Steve Wasielewski

FACULTY ADVISOR 
Angela Wiedenhoeft

SPONSOR 
Chapter 2, Inc.
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TEAM MEMBERS 
Alexander Aceto 
Sam Dinauer 
Robert Hrdi 
Joseph Maule 
Jason Werner

FACULTY ADVISOR 
Dr. Edward Chandler

Data Acquisition System (DAQ)

A low-cost data acquisition system with high channel count 
and high precision capability does not currently exist in the 
market. Our Data Acquisition System (DAQ) solution provides 
32 analog input channels and 64 digital I/O channels, a 
capability that is not currently offered by other products in 
our target price range. This high channel count is achieved by 
utilizing I2C and SPI interface protocols. For the highest data-
transfer speeds, a smaller number of analog input channels 
and digital I/O channels are available. These channels 
interface directly to the microcontroller within our product. 
The DAQ utilizes a dedicated A/D converter which offers a 
higher resolution than most DIY level devices. The DAQ is 
highly portable and controlled from a PC through a common 
Ethernet interface.

DC Power Supply

The current DC power supply and its interface in the MSOE 
S-340 laboratory is in need of replacement. The power 
supply currently in use supplies an inconsistent voltage to 
the load and can provide a current much greater than what 
is necessary. Not only does the current PCB design use 
dated equipment and designs, but the current interface lacks 
key information for the user and allows them to potentially 
damage the motor. The new design solves the safety issues 
using galvanic isolation. The new design also uses 3-phase 
voltage as the input and control methods in order to provide 
a more consistent output. Variable output voltage and current 
are achieved by using switching methods.

Digital Brewery Menu System 

R'Noggin Brewing Co. is a craft brewery based in Kenosha, 
WI. Aside from their unique brews, what sets them apart from 
other breweries is that they have custom artwork for every 
single beer. They would like to show off their art on their 
menus, but existing menu solutions do not offer the flexibility 
that they need. This project addresses their needs by 
creating a fully customizable beer menu that lets them define 
the exact look and feel of the menu. It provides a functional 
yet stylish presentation of their beers and incorporates the art 
that plays a central role in their branding. 
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DroneBlocks

DroneBlocks, an Austin-based company, aims to spread 
STEM and drone education at a young age. The company 
has an iOS and Android app to assist educators in providing 
STEM curriculum for hundreds of schools.

Our team was tasked with developing DroneBlocks for 
Android to add features currently only found on the iOS app. 
The largest feature added was DJI drone support which 
allows students to fly DJI Spark, Mavic series, and Phantom 
series drones. The app combines the simplicity of drag and 
drop programming with the excitement and fascination of 
flying drones. DroneBlocks achieves this by tailoring the 
user interface of the app specifically to be easy to use and 
friendly for students of all ages. DroneBlocks for Android is a 
combination of a web-based mission assembler and client-
side mission executor. This app was built to simulate the 
experience that students have in programs such as Scratch 
and Alice. The DroneBlocks app educates K-12 students on 
software development concepts and real-world applications 
of drone technology. Using a hands-on low barrier approach, 
DroneBlocks looks, feels, and behaves like a game, keeping 
students begging for more time with the app and drones.

 

GBA Emulator

This project sought to provide a usable, portable, and 
accurate emulation of a Game Boy Advanced handheld 
console. Most art forms have some type of preservation. 
Museums are filled with old paintings and sculptures and 
orchestras strive to keep classical music alive. Unfortunately, 
there are not many endeavors to preserve video games in 
the same way. We focused on creating an accurate emulator 
to run games as the creators intended. Production of Game 
Boy Advances stopped a decade ago, so finding a working 
Game Boy Advance is going to get progressively more 
difficult. Our goal was to emulate the Game Boy Advance 
video game system using the Rust programming language, 
which encompasses the ARM7TDMI instruction set. Our 
design allows for the emulator to run in browser, preserving 
the ability to experience the games built for the Game Boy 
Advance. The emulator reads instructions coming from 
the game ROMs and maintains proper timing such that the 
instructions do not execute too slow or too fast. 
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The Guitar Pedal Project 

Current products on the market that allow for the creation 
of custom guitar effects have complicated interfaces, require 
programming experience, or both. Often the digital “effect 
chain” is limited to rearranging pre-loaded effects in a custom 
order. Right now, unless you design your own analog pedal, 
there is no way to create your own custom sound easily. 

The Guitar Pedal Project (GPP) team designed a new 
pedal with high audio quality that will enable nontechnical 
musicians to create new guitar effects. It requires no 
traditional coding experience, is simple to set up, has a wide 
range of sounds and effects, and the ability to share custom 
effects with others. An expression pedal input jack is provided 
to support live performance and the pedal communicates 
with a mobile device via Bluetooth. Further, it is being 
released as Open Source, so as to encourage the creation of a 
community of musicians who may share their effect creations 
with others, as well one of technical enthusiasts who may 
wish to replicate or modify the GPP design. 

Gunshot Detection System (GDS)

Indoor environments such as schools, banks, and workplaces 
are increasingly made more dangerous by the threat of gun 
violence. Often the number of casualties is increased by 
the delayed response time of police and other emergency 
services or the delay of victims in realizing that they 
are involved in an active shooter scenario. The Gunshot 
Detection System (GDS) is a unique solution among several 
competitive options. Existing solutions either are incompatible 
with the indoor environmental requirements of the project 
or rely on a central base station for the gunshot-detection 
tasks. Our solution, the GDS, uses an onboard microcontroller 
capable of all the required tasks, allowing the system to 
be scaled down in size and cost, thus allowing for broader 
market saturation.
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Handheld Service Multi-Tool

The Handheld Service Multi-Tool is a combination of three 
of Johnson Control Technician’s tools to make work faster 
and more efficient. Each of the tools are used to service 
HVAC equipment to test and display values of certain air 
flow in industry. The three tools being combined are the FIT 
tool (Field Inspection Tool), Display tool, and Balancing tool. 
The FIT tool measures the bus bias voltage levels, monitors 
and reports communication errors between devices, and 
also communicates with controllers while providing many 
attributes associated with the controllers. The Display tool 
organizes objects and data from the controller and displays 
it on a fixed set of display pages. The Balancing tool changes 
the damper through setting parameters through the network 
sensor. The damper is a device that controls the rate of 
airflow in a vent.

Indoor Mapping Application

This project is an indoor mapping web application that will 
allow users to track valuable assets within their facility. Users 
will be able to upload an image of a map of their facility, and 
then divide the map into their own custom defined regions. 
They can then add their assets into the regions that they 
are currently located in within the facility. Using a Bluetooth 
connection, the web application will locate the assets and 
update the map in real time.

Induction Heated Desoldering

A local recycling company regularly receives large 
quantities of copper and silver scrap parts that are soldered 
together, and the materials must be desoldered for proper 
recycling. The current method is labor intensive and takes 
approximately 5 minutes per part. In order to achieve a faster, 
safer and more cost-effective approach, the Heavy Metal 
team has designed a specialty induction heater system. The 
system will heat up materials very fast while not making direct 
contact with the material. The operating frequency of the 
system was selected to melt the solder holding the materials 
together without melting the metals directly. The system is 
designed to operate on commercial 120VAC single-phase 
power and will be safe and portable.  
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Joule Thieves – Energy Harvester

Supercapacitors provide a growing number of opportunities 
as this technology becomes smaller, denser, and more 
cost effective. Supercapacitors are being integrated into 
systems traditionally dominated by batteries. Having the 
benefit of incredibly fast charging and discharging, as well as 
lifespans stretching beyond any existing battery technology, 
the benefits of improved capacity and cost could be 
groundbreaking. However, for many industries and markets, 
the infrastructure utilizing supercapacitors as a bulk energy 
storage device simply does not yet exist. Enter the Joule 
Thieves’ Photovoltaic Supercapacitor Rapid-Storage system. 
This system advances the development of supercapacitor 
technology as a replacement to existing battery technology 
currently used for storing energy harvested from photovoltaic 
panels. This project is geared towards small-scale energy 
harvesting and storage and is particularly useful for outdoor 
enthusiasts, small operations operating in remote areas, rapidly 
deployable disaster relief, or a form of energy conservation in 
developing nations lacking a stable electric grid.

Milwaukee Tool M18 PVC Oven

This project developed a battery-operated polyvinyl chloride 
(PVC) conduit oven which eliminated the need for 120V 
power. The deliverables for this project included bending 1-3 
PVC conduits, having lid detection, and operating with M18 
battery.

Minimal Touch Hospital Computer Stations

The Centers for Disease Control (CDC) estimates that 
hospital acquired infections (HAIs) account for 1.7 million 
infections and 99,000 associated deaths each year. 
Approximately 1 in 31 U.S. hospital in-patients have at 
least one HAI. HAIs are preventable and can be reduced 
through diligent hygiene practices by healthcare workers. 
By decreasing physical interactions with hospital equipment, 
healthcare workers reduce the risk of spreading nosocomial 
infections to other staff members, patients, and visitors. One 
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of the biggest culprits of bacterial colonization is computer 
mice. Studies suggest an associated pattern of contamination, 
patient infection, and cross-transmission of bacteria from this 
computer accessory. The team proposes to design a device 
that will reduce interactions at computer stations throughout 
hospitals by replacing the physical computer mouse with a 
motion-tracker. This alteration will ultimately minimize the 
spread of infections in clinical settings.

Mitigation of Involuntary Hand Tremors (MIHT)

Essential tremor is a degenerative neuromuscular disease 
with no current cure. Current treatment options involve using 
prescription medications or neural surgery. The purpose 
of this project is to develop a device that can help patients 
manage their hand tremors. This device should be lightweight 
and should not impede on daily activities. Our current solution 
involves the use of applying weights to the patient and 
implementing a mounted gyroscope for stability. Our device 
will offer a non-invasive method of treating essential tremor 
and should improve the patient’s quality of life.

Multigenerational Bandgap Antenna

The project is a multigeneration antenna design that 
supports a wide range of frequencies. Current antennas only 
support 3G/4G or 4G/5G range because at each base station, 
the antenna varies and doesn’t support all the generation 
signals. This antenna will have the capability to support 2G-
5G because cellphones use 2G to 5G signals. The antenna 
will solely be used to replace any current antennas in a base 
station without altering the base station. The antenna was 
designed to be small, making it cheaper to produce and fit 
within our designed specifications of 90x40 cm.

NECK

Project NECK is a neck brace design for patients with 
Dropped Head Syndrome (DHS). The majority of braces on 
the market have limited mobility, are designed for short term 
uses and are difficult to clean. DHS patients, especially in 
the geriatric population, need adjustable support that can 
be worn for extended periods. The device raises or lowers 
the users head through a linear actuator controlled by a 
handheld remote. This allows for an increased range of vision 
and improved functionality in daily tasks.  

TEAM MEMBERS 
Amal Aleid 
Hebah Alshuwaikhat 
Mark Frey 
Jacob Grzeca 
Hannah Paiser

FACULTY ADVISOR 
Paul Licato

TEAM MEMBERS 
Marwa Eltaweel 
Raquel Galarza 
David Lee 
Erin Williams 
Yilin Zheng

FACULTY ADVISOR 
Dr. Steven Fredette

TEAM MEMBERS 
Jawaher Aljoher 
Daniel Bader 
James Davis 
Cassandra Gliszinki 
Jenna Harrington

FACULTY ADVISOR 
Paul Licato



25

O2 Sense and Control in Neonatal Incubators

According to the Center for Diseases Control, one in every 
eight children is born before their expected due date. The 
ones that are born at less than 28 weeks are considered high-
risk. It is therefore essential that they are kept in an incubator 
unit that mimics the environment of the womb. Incubator 
units closely monitor the temperature, humidity, and oxygen 
levels, to create an ideal microenvironment specific to the 
needs of each premature baby.

GE Healthcare has been a leader in research, innovation 
and development of healthcare solutions that helps medical 
professionals in all settings of the hospital. For infant care, GE 
Life Care Solution (LCS) offers technologies like Care Plus 
incubators, Giraffe and Panda lines, which features the Giraffe 
incubator. GE Healthcare has identified different oxygen 
sensors as potential replacement for their current sensor. 
The current sensor requires daily calibrations and must be 
replaced every year.

This project focuses on comparing and choosing the best 
sensor and designing circuitry and peripherals required 
to support it (i.e. power, amplification/filtering, monitoring, 
calibration) and enable communication between the sensor 
and the incubator unit. 

Plant Growth Control System

Due to the world’s population growth increasing faster than 
current agricultural methods can provide for, there is a need 
for a more cost-effective, modular, automated, compact, 
and scalable system to support, control, and monitor plant 
growth in a controlled, urban, indoor environment. The 
Plant Growth Control System is a solution developed for 
use in residential or commercial settings for hydroponic 
urban farming. It is a modular system with readily available 
components and uses open-sourced software so users can 
modify or expand it. The user enters via the human-machine 
interface (HMI) the type of plant being grown. This will 
change set-points for nutrient, pH-level, temperature, and 
light control to optimize plant growth. Sensors are used to 
measure these parameters and allow for control of them to 
optimize plant growth.   

TEAM MEMBERS 
Ryan Antonick 
Nathaniel Barry 
Lidie Kientega 
Athly Sabish

FACULTY ADVISOR 
Dr. Richard Kelnhofer

TEAM MEMBERS 
Fernando Gonzalez 
Brent Kern 
Paul Kraus 
Christopher Schultz

FACULTY ADVISOR 
Dr. Edward Chandler



26

RC Cooler

Over the years, standard beverage coolers have improved in 
keeping things cool, but they have not progressed in many 
other ways. The RC Cooler is a standard 48-quart cooler 
enhanced with many different technologies that eliminate 
the hassles of an ordinary cooler. It’s equipped with multiple 
sensors, a camera and a GPS system that allow the cooler 
to follow the driver—there’s no need to carry a heavy object 
around all day. It’s also furnished with an electronic locking 
system that keeps the contents of the cooler secure and 
safe. It also lets the user control the cooler with a remote 
control. With the remote control, the user can choose whether 
they want the cooler to follow them in autonomous mode 
or to manually control it with a joystick in manual mode. It 
also gives the user the ability to wirelessly lock and unlock 
the cooler. With all these amazing features, it’s hard to think 
anyone would settle for the standard coolers available today.

Real-Time Environment Sensing Device to Aid in Mobility 
of Visually Impaired Individuals

Visually Impaired Individuals (VII) often experience reduced 
ability to access different environments independently 
relative to full-sighted individuals. Additionally, existing 
technologies do not adequately meet VII requirements 
for independence. Requirements for mobility assistance 
include improved spatial mobility, increased awareness of 
surroundings, and enhanced ability to perform everyday 
activities. Current solutions include seeing-eye dogs, white 
guidance canes, and electronic environmental sensing 
devices. Each of these solutions is limited by its cost, range, 
effectiveness, or dependability. In order to better satisfy user 
requirements, team 20-20 created a device that combines 
real-time ultrasonic sensors and computer vision to 
provide auditory and tactile feedback regarding immediate 
surroundings to the user.

Remote-Controlled Hobby Battle Tank

The current RC tank market is lacking in devices that 
accommodate high-end functionality at a reasonable price. 
Our proposed solution is to use open-source hardware 
and software platforms that will allow for the creation of 
an RC tank with the functionality of high-end tanks and 
the competitive pricing of the lower end market. By using 
open-source hardware and software, hobbyists will be 
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able to see and understand the workings of their tanks via 
community support and open documentation. The tank is 
to be controlled by a software application that will run on 
a computing device the consumer already owns, such as a 
tablet or smart phone. Modular additions to the tank can be 
integrated by attaching premade kits and then downloading 
the modified firmware to the tank itself (this firmware 
revision is to be provided by the module developer). This 
type of model enables a unique “plug-and-play” system 
where the consumer may add extra functionality to the tank.

Rollerblade Speedometer

The Rollerblade Speedometer team has designed and 
created a wireless, Bluetooth speedometer that displays 
a rider’s speed on an Apple watch using our own app. 
A custom-printed circuit board along with a compact 
mechanical housing attaches the measurement device onto 
the rollerblade using the axle of a single wheel to eliminate 
any intrusion to the rider. An IR sensor along with a reflective, 
durable sticker allows for accurate measurement of speed 
from the wheel. The system runs off a rechargeable battery 
that can be charged with a micro-USB cable. It operates using 
a TI CC2640 microprocessor and an RTOS system allowing 
the device to operate in low-power mode as often as possible, 
giving it a battery life of 5-6 hours.

Save-A-Vet

Save-A-Vet takes in retired military and law enforcement 
working dogs deemed unsuitable for adoption by their 
agencies for reasons including health, training and work 
history. They are then placed in secured facilities owned 
by Save-A-Vet throughout the country who hire disabled 
veterans to live with and care for these other forgotten 
soldiers. Save-A-Vet does not take in dogs from civilians, 
only military and law enforcement. Save-A-Vet is working 
with us to help build a new website which can help them 
better achieve their goals and missions. This new website 
will contain all of the static pages on their current site, but 
with the addition of the dog catalog. This dog catalog will 
allow breeders, trainers, brokers, agencies, and contractors to 
list their dogs on the website. They can then track the dog 
throughout their life and transfer them to other organizations. 
The organizations will be able to upload different records to 
the dogs such as photos, videos, medical records, training 
records, and dietary records. User profiles for the handlers 
and trainers for each of these dogs will also be included.
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Sensor Redesign of a Hypoglycemic Early Alert 
Smartwatch

Our team is developing a non-invasive hypoglycemic event 
detection device for diabetic patients that is based on 
the current EasyGlic device. The current design uses two 
separate sensors to monitor physiological responses that may 
be indicative of a hypoglycemic event—a condition caused 
by low levels of blood glucose in the body. When negative 
physiological responses are detected, the device first alerts 
the user by vibration and can alert emergency contacts if 
connected to Bluetooth. Our redesign aims to replace the 
current two-sensor system with a simpler single-sensor 
system. This single-sensor system will be more cost effective 
and easier to manufacture than the current device, while 
maintaining the accuracy and Bluetooth capability of the 
original design.

Service Pro Senses

Service Pro Senses is an automatic alerting and site access 
control product for service technicians. This product allows 
service technicians to be alerted about maintenance issues 
based on sensor readings and be granted access to a 
customer’s property. The sensors and output devices are 
controlled by network-connected microcontrollers which 
communicate with a central server. This server hosts a 
database containing logs of sensor readings, alerts, and 
output device activations, which is accessible through a web 
interface. In addition to data logs, the server provides a user 
interface for configuring alerts and output actions based 
on sensor readings. Alerting and notifications are handled 
by integrating with MSI Data’s existing software, Service 
Pro, which handles the full scope of field service business 
activities such as task tracking, technician dispatching, and 
much more.

Smart Beer Tap 

Many bars today still use whiteboards or chalkboards to list 
the beers on offer. If they have brought back a beer, it means 
it has to be re-written manually every time. Our project aims 
to fix this and consists of two major components. An in-line 
sensor package that measures fluid that passes through 
tubing connecting a keg and a tap; this package transmits 
the collected data to a Raspberry Pi acting as a central hub 
supporting a 1-to-many relationship. In addition, a dynamic 
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menu application is hosted on the Raspberry Pi that allows  
a beer-serving business to show which beers are on-tap with 
an estimate of how much liquid is remaining within a given 
keg. The dynamic menu consists of a GUI presented on a 
touch screen display on the Raspberry Pi that allows a user 
to make modifications to an internal database of beers and 
their respective breweries, as well as make customizations  
to an external display connected via HDMI that will present 
the menu.

SmartPets

Our project provides pet recognition for a smart pet door. 
The system takes pictures of the owner’s pet and compares 
it to a pre-trained AI model. If it is a registered pet, the system 
unlocks the door and allows entry/exit. Our project provides 
a simple to use Android application for controlling the door, 
seeing the real-time status of the door, and tracking pet 
usage throughout the day.

Stress Wellness Monitor

The Stress Wellness Monitor is a wrist-bound device that 
alerts the user when they are entering a state of stress. The 
monitor will continuously monitor the user’s heart rate and 
galvanic skin response which are biomarkers for stress. The 
user’s current heart rate and galvanic skin response values 
are compared to a baseline which is formed when the user 
is in a calm state. Data collected from the device is sent to a 
phone application via Bluetooth. The Stress Wellness Monitor 
phone application will display recent trends in stress along 
with the current heart rate and galvanic skin response. 

TEAM MEMBERS 
Aqeel Alshafei 
Connor Cleveland 
Brenna Levenick 
Stephen Linn 
Weam Moghazy

FACULTY ADVISOR 
Dr. Eric Durant

TEAM MEMBERS 
Reanna Barringer 
Sean Gabel-Eissens 
Nancy Leon 
Courtney Schoppe

FACULTY ADVISOR 
Paul Licato



30

Tamper-Resistant Device for Peripherally Inserted Central 
Catheter (PICC)

PICC lines are intended to deliver medication or liquid 
nutrition venously to a patient and are most commonly used 
for long-term treatment plans that may last at least several 
weeks. Those who require a PICC as part of their treatment 
usually do not require long-term inpatient supervision and are 
often eligible for Outpatient Parental Antimicrobial Therapy 
(OPAT) where they can continue treatment in an outpatient 
environment. A major problem with OPAT is the risk of the 
patient misusing the open injection ports of the PICC to 
self-inject and abuse drugs. Our solution to this problem is 
to develop a medical device that externally covers and locks 
the injection ports of the PICC line preventing the potential 
tampering or misuse of the PICC during OPAT treatment. 

Upper Extremity Biofeedback System for Pediatric 
Manual Wheelchair Users with Spinal Cord Injury 

The number of individuals with spinal cord injuries increases 
each year and many of these individuals are required to use 
wheelchairs for daily mobility. Due to overuse and misuse 
of the wheelchair, individuals with spinal cord injuries are 
prone to additional injuries unrelated to their condition. By 
adjusting the wheelchair, these injuries can be reduced, 
which decreases pain associated with wheelchair use. In 
order to make appropriate modifications to the wheelchair, 
our designed biofeedback system will take specified 
measurements through a stationary system. The collected 
data will be analyzed and displayed as varying functions 
of the normalized force, normalized EMG, angle, median 
frequency and time. These comparisons will allow for the 
physician to adjust the wheelchair, then take additional 
measurements to compare and see how the adjustments 
impact the user.
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Water Injected Climate Control

This project is attempting to create a cost-effective water 
heating and cooling system that can be utilized in a water 
cooled and heated mattress pad. This mattress pad will be 
placed on a bed to provide comfort to the customer. This will 
be done utilizing solid state heat pumps, a control system, 
and a user interface that will allow the injected water to be 
either heated or cooled to the desired temperature.

We Pivot

We Pivot is a non-profit organization with the mission 
of helping the community of Milwaukee by providing 
opportunities, support, and education to traditionally 
underserved populations in the tech industry. This Senior 
Design Project facilitates the task of identifying marginalized 
communities within Milwaukee through a web app. The web 
app uses the demographic data collected by the U.S. Census, 
such as population race, gender, age, educational attainment, 
income, homeowners and renters, and displays it through 
maps, graphs and tables. In addition, other datasets are used 
to identify the distribution of resources around Milwaukee. 
Some examples of these datasets are transportation, schools, 
libraries, universities and technological companies.
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Industrial Engineering Senior Projects

Empire Level

For this industrial engineering senior design project, 
the MSOE student team partnered with Empire Level, a 
construction and layout equipment manufacturer. The team 
investigated the current state of Empire Level throughout 
the fall of 2019 and identified a struggling product family, 
the Milwaukee rafter squares, and the bottleneck of its value 
stream, the KOMO CNC milling machine. After completing 
a value stream map, the team’s objective was to provide 
recommendations that would decrease the internal lead 
time of this product family from 26 to 22 production days by 
increasing the Overall Equipment Effectiveness (OEE) of the 
KOMO from 43% to 53% through reducing the production 
time lost to machine failures and changeovers. Through 
developing a preventative maintenance program focused 
on KOMO and changeover reduction recommendations, the 
team accomplished this objective. By the most conservative 
estimations, the improved KOMO OEE after implementation 
would be 59%, 6% above the original goal.

Emerson

InSinkErator, a garbage disposal manufacturing company, 
planned to expand their warehouse facility in Sturtevant, 
WI. Before expansion could begin, the water products 
department, located in the southeast corner of the facility, 
had to be relocated to the northeast corner. This area was 
already occupied by three departments. Initially, the three 
departments and the water products department weren't able 
to fit within the northeast corner. The primary objective was 
to improve the floor space utilization of the northeast corner 
by 25% to allow the water products department to fit. The 
secondary objectives included decreasing risk level for worker 
injury, improving visual controls, and maintaining the water 
products daily throughput. Using simplified systematic layout 
planning and 5S, the floor space utilization was reduced 
by 27% and risk level for worker injury was reduced from a 
medium risk level to a low risk level. 
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Harley-Davidson

This report documents the work and progression of a project 
that focused on a Harley-Davidson warehouse, specifically 
Commerce Drive. This warehouse represented a significant 
expense to the company, where the project goals were 
the following: increase efficiency within the warehouse 
processes, improve the overall warehouse organization and 
layout, as well as reduce process time and internal logistics. 
Over the course of this project, various methodologies 
were used to provide several recommendations for the 
client to achieve the project goals. The first step toward 
these goals was conducting a sample inventory audit 
and a regression analysis. A simulation was created that 
illustrates the inventory flow process, along with an improved 
warehouse layout. Additionally, safety guidelines and a 
cost benefit analysis were added to the recommendations. 
Recommendations listed within the report will contribute 
to minimize internal travel distance and process time for 
completing both picking and unloading processes.

Server

Server Products manufactures high quality food serving 
products in Richfield, WI. The company also services and 
repairs, all equipment customers send to them, in their 
Internal Repair Department. Recently, the space in which the 
Internal Repair Department is located was deemed valuable 
for production. Server Products wanted to identify potential 
locations to which the Internal Repair Department could be 
moved, as well as find improvements within the department 
to improve employee productivity. The main objective for this 
project was to reduce the distance traveled outside of the 
department by parts and employees by 10%, by potentially 
moving the Internal Repair Department to a new location 
and including an inventory management plan for frequently 
used parts within the department. 5S and ergonomic 
improvements were also identified to improve employee 
morale and productivity.
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FORCE America

Manufacturing facilities tend to be ever evolving in terms 
of their processes and reducing defects, and errors are 
one of the primary tasks to ascertain the company remains 
profitable. Force America had received customer complaints 
due to wrong parts shipped and missing parts in the 
shipment. The team identified the root cause of the errors 
and addressed that. The current process was analyzed 
in detail and redundancies and missteps were found and 
the team moved towards eliminating those to achieve the 
overall target of reduction in errors. The team looked at 
the processes in the Shipping and Kitting Departments 
of the Electrical Division of the Force America plant in 
Waukesha, WI. Implementation of an inspection process was 
completed; the team identified the root cause of the errors 
and developed a forecast model to estimate the number of 
potential future errors if the current process was continued.

Calorimeter

This project is intended to develop a calorimeter which 
consumers can use to measure the calories in the foods they 
buy and prepare. This product must be capable of burning a 
food sample and outputting the number of calories contained 
within it. A demand data analysis was conducted prior to 
development of the prototype which identified a strong 
potential consumer interest and consumer surveys were also 
conducted to understand the customer. After identifying 
a need and conducting a Value Engineering Analysis, two 
iterations of prototypes were developed. A conceptual 
production prototype was then designed. The required 
manufacturing production processes were analyzed for 
each component and a possible supply chain was identified. 
Finally, financial metrics such as return on investment (ROI), 
profitability, and break-even point were calculated. In the 
spring, a functional production prototype will be built and a 
business plan will be prepared and submitted for funding.
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Mechanical Engineering Senior Projects
USCS

In Expanding the Application in Ultrasonic Compression 
Staking, a multi-variable test plan was designed and 
completed to establish trends in the aesthetic and tensile 
strength of formed posts using Ultrasonic Compression 
Staking Technology patented by Herrmann Ultrasonics. 
Test plans were performed for single, double and four post 
staking processes and a full-factorial design of experiments 
was used to evaluate and conclude trends about the strength 
and aesthetics of posts at varied amplitudes, primary forces 
and secondary forces. From testing, it was concluded that 
high amplitude, high primary force and quick application of 
the secondary force forms a consistently strong post with the 
best aesthetic rating in the quickest time.

Pitch Oscillating Headlight

While driving under normal conditions, vehicles commonly 
experience pitch oscillations. These pitch oscillations create 
adverse effects to lighting pathways while headlamps are 
being utilized during nighttime driving and impair drivers’ 
visibility and safety. In this showcase, a design for a pitch 
actuated vehicle headlamp capable of responding to normal 
vehicle oscillations and maintain roadway visibility will be 
presented. A prototype test bench with open and closed-
loop control to correct pitch oscillation will be exhibited. 
Several experiments performed to test the robustness of the 
prototype will be discussed and reveal design limitations, 
including controller lag, response to low-frequency and 
high-frequency noise, as well as simplicity in design. 
Information gained through this design process may lead to 
implementation of a closed loop, pitch actuated headlamp in 
commercial vehicles and may help increase driver visibility 
and lead to reductions in automobile accidents. Moreover, 
the information gained will assist in providing a design 
recommendation to our customer.

Milwaukee Tool Wear Testing Device

Milwaukee Tool aims to create an automated wear testing 
machine to help in analyzing linearly sliding components by 
determining material wear constants with a pressure range of 
up to 1500 MPa. Wear is modeled as adhesive wear, which is 
analyzed with the Archard equation: Q=kLDH.
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The Archard equation states that the volumetric loss is equal 
to the wear coefficient and load multiplied by the sliding 
distance divided by the material hardness, making the goal 
of the prototype to determine the wear constant k for use in 
analysis and modeling.

Through analysis, several aspects of the design, such as 
thermal management and motor torque limitations, proved to 
be unachievable given current manufacturing capabilities and 
Milwaukee Tool’s original design criteria. These criteria were 
alleviated for a manufacturable proof of concept prototype. 
The current design follows the testing methods designated 
by the design team and obtains the wear constant desired by 
Milwaukee Tool in compliance with ASTM standards.

Appreciation is extended to Milwaukee Tool for sponsoring 
this project.

System Design of an Off-Grid Wastewater  
Treatment Plant

Health and environmental difficulties due to poor wastewater 
management are common afflictions in low-income countries, 
where diarrheal diseases spread through fecal matter are 
the second leading cause of death. This collaborative project 
between civil and mechanical engineering students aimed 
to design a sustainable secondary wastewater treatment 
process for Joyabaj, Guatemala for no more than $187,000. 
The system should reduce BOD (organic matter) being 
released to the local river from 270 to 50 mg/L and utilize 
a renewable energy source to reduce operating costs and 
ensure reliable power. A stationary trickling filter was selected 
to run on a solar photovoltaic power system for the minimal 
maintenance and robust nature these options offered. While 
we were unable to meet the requirements in the allotted 
time, we provided a thorough analysis on local renewable 
power potential and identified two promising process design 
alternatives to be explored by the civil team next quarter.

Prestwick Cooler Box Insulation Redesign

The Prestwick Golf Group has a variety of customizable 
weather resistant wood and plastic golf course furnishings, 
which range from high-quality recycling and garbage bins to 
outdoor cooler units. In recent years, competition from YETI’s 
line of coolers has caused Prestwick to begin redesigning 
their coolers with the hope of maintaining their dominance 
in the market. Our project is to propose a design which 
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has 90% of the thermal efficiency and comparable internal 
volume of an existing Yeti cooler. This new cooler must be 
a cost-effective solution, not exceeding twice the current 
cost of production. The cooler must also have the ability to 
be assembled in a practical manner with the existing labor 
techniques and use of abundant and safe materials. Finally, 
the cooler must be able to resist all forms of deformation and 
decay from environmental exposure.

Modular Robot Team 

A modular, programmable, and standalone robot for use 
in the mechanical engineering mechatronics curriculum 
was designed. The robot was designed and modelled as an 
inverted pendulum, which is frequently used to teach state 
space control. The system was modeled using a Euler-
LaGrange modelling approach and simplified by a small angle 
linear approximation. A body and control box were modelled 
using aluminum sheet metal and contains the main system 
components including motors controllers, microcontrollers, 
AI vision card, and inertial mass sensors. Each side of the 
drivetrain consists of a DC motor with gearbox and encoder. 
A suspension was designed for durability and protection of 
components. The sensors chosen to compliment the inverted 
pendulum motion and line-following functions as well as 
leave enough flexibility for future additions. The modular 
robot solution is designed for current and future mechanical 
engineering students, high school programs, and showcases.

Herrmann Ultrasonics

Herrmann Ultrasonics offers a wide variety of ultrasonic 
plastic weld joints used for several applications in the 
automotive, medical, and food industries. Understanding 
and quantifying the stress concentrations found in these 
welded joints under pure axial loading conditions is the main 
goal of this project. Ultrasonic welding parameters for three 
different joint styles were varied, and samples were welded 
at Herrmann Ultrasonics for research and testing to be done 
at MSOE. Each joint was modeled with the extensive use 
of SOLIDWORKS and ANSYS Workbench to develop stress 
concentration factor curves for each joint style. Background 
research on plastics and their mechanical properties was 
used to help validate results analytically, numerically, and 
experimentally with the future use of a fixture designed for 
tensile testing machines at MSOE.
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Design a Test Stand to Simulate Load Holding 
Applications

A test stand that simulates load holding applications is 
required by HYDAC technology for testing their valves in 
various customer applications. The test stand consists of 
three major design systems including the hydraulic circuit, 
supporting fixture, and safety enclosure. The overall design 
consists of two opposing hydraulic cylinders flange mounted 
onto supporting plates. Two sub circuits control the loads 
onto the cylinders and valves, including a makeup flow circuit 
to simulate a load, and a pressurized circuit to hold the load. 
The pressure, flowrate, and piston speed data are used to 
characterize the valve’s performance under various loads. 
For the safety of the operator, the supporting fixture was 
designed to withstand loads far greater than what is typically 
expected of the system. Additionally, an enclosure was 
designed to protect the operator from any component failure. 
Assembly of the system, a control system, and additional 
testing is required for future implementation.

Acoustic Levitator and Environmental Chamber

This project features an acoustic levitator which is an 
experimental tool used to levitate liquid droplets using 
sound waves. Acoustic levitators are used for x-ray and 
laser experiments to avoid container interaction with the 
sample material. The primary problem with existing levitation 
devices is particle instability or “jitter” during levitation 
that is likely the result of disturbances in the acoustic field 
instead of remaining stationary. This showcase, sponsored 
by Argonne National Laboratory, displays the design of a 
reliable, adjustable, and precise automated alignment system 
optimizing the levitation device. Additionally, levitation has 
only been attempted in air at standard temperature and 
pressure, but the team has predicted levitation forces will 
be impacted by varying environmental conditions, such as 
levitation medium and surrounding pressure. A chamber 
device was designed to vary environmental conditions. 
The design will stably levitate particles and support the 
development of new levitators.
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Automatic Silverware Roller Design

The Automatic Silverware Roller design project is a 
student-initiated design project involving the creation and 
development of an electromechanical system that rolls 
a set of silverware in a paper napkin and secures the roll 
with an adhesive band. The device is designed for use in a 
commercial-grade kitchen and a basic prototype of critical 
systems was constructed. A Computer-Aided Design (CAD) 
model of the system was completed to demonstrate the 
full-scale design. Decisions were made for cost effectiveness 
and the prototyped system leaves room for additional 
design refinement. The estimated material and fabrication 
cost of manufacturing a single production-level machine is 
approximately $6,000 (neglecting labor costs). The goal of 
the project is to reduce back-end labor costs and improve the 
hygienic quality of rolled silverware.

Passive Cold Food Storage (PCFS)

Team PCFS is partnering with NASA to develop a method of 
passively cooling food during a manned mission to Mars. A 
fully passive method of cooling allows for a reduction in mass 
and energy usage of the space craft. Passive cooling methods 
have been explored by NASA, but a proper feasibility study 
has not been conducted. Due to varying thermal conditions 
in orbit, the stowage system was to be designed to maintain 
the food’s temperature at an adequate temperature with 
an uncertainty of –20°C to +4°C. Through use of a robust 
computational model, team PCFS has designed a thermal 
model and control system that maintains the temperature 
of the food within this range. The final prototype is a 
proportional closed-loop control system that implements a 
bimetallic spring to actuate louvers based on a temperature 
difference in order to vary the exposure to thermal radiation 
of the food logistic module.

ASME Robotics Student Design Competition

The goal of this senior design project is to create a 
machine and participate in the ASME 2020 Student 
Design Competition. The team has produced a device that 
constructs a tower from 100 sheets standard paper and 
meets a set of stringent guidelines provided by the ASME 
Student Design Competition Committee. The device must 
be autonomous aside from a person feeding paper into it 
and a control panel, and the use of liquids or adhesive is 
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forbidden in the tower construction. Through multiple stages 
of the competition, the constructed tower will be graded on 
its height, weight capacity, and speed of construction. The 
device must build a tower as high as it can in ten minutes, 
build up to one and a half meters as quickly as possible and 
be able to hold as much weight as possible.

Biomedical Applications 1

Scoliosis is a genetic deformity of the spine that causes the 
spine to curve. There are currently few well-designed scoliosis 
braces that take advantage of the opportunities additive 
manufacturing offers. Some of the current issues are weight, 
breathability, cost, and corrective ability. Also, the effect of 
medically required windows on the strength and deformation 
of a scoliosis brace are unknown. Using a brace design and 
loading from a previous senior design group, ANSYS was 
utilized to analyze the effect of the size, shape, and placement 
of the abdominal and de-rotation windows. The parameters 
were varied separately to determine their effects on the 
structural integrity of the brace. The trapezoidal abdominal 
window, with a fixed location, was found to be the better 
shape and could be as large as medically necessary. The 
size and placement of the abdominal window, defined as an 
elongated oval, have negligible effects on the strength and 
deformation of the brace.

Biomedical Applications 2

Scoliosis brace designs commonly worn by patients can 
cause discomfort due to poor skin breathability and excessive 
weight. By utilizing additive manufacturing to produce 
braces, material can be strategically removed in the form of 
a hole pattern to provide openings for airflow and reduce the 
material required. This minimizes the weight and cost of the 
brace without compromising the function. Using a model of a 
brace, hole patterns of various shapes, sizes and orientations 
were tested and compared in order to maximize the material 
removed while maintaining enough factor of safety and 
maximum allowable deformation. The optimal hole pattern 
incorporated into the design is a honeycomb pattern with the 
hexagons having a circumscribed diameter of 10 mm and a 
center to center spacing of 12 mm.  
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Biomedical Applications 3

Scoliosis is a genetic deformity of the spine that causes 
the spine to curve. Braces are designed to prevent further 
curvature of the spine but are expensive to 3D print. 
This design cuts the brace into pieces to reduce printing 
volume, thus lowering the costs to print. Connections were 
designed to put the pieces of the brace together for the 
patient to wear. A clip design was used as it provided a large 
disassembly force, which cannot be accidently generated, 
and was discreet design. Connection placements were based 
on a stress analysis and a flatness (geometry) analysis. 
Connections were put in low stress areas to reduce the stress 
the connection would see in use, and in flat places for ease of 
putting the connection on the brace.

Fluid Raider Racers

Every year, the National Fluid Power Association hosts the 
Fluid Power Vehicle Challenge. The challenge consists of 
designing and constructing a vehicle that utilizes hydraulic 
components to transfer, store, and release the human 
power input by the rider. Contestants are judged on design, 
safety, creative use of pneumatics, craftsmanship and team 
presentation. The competition in April consists of a 400-600 
foot-sprint-race, a 1 mile-endurance-race demonstrating 
regenerative breaking, and an efficiency challenge 
showcasing how far the vehicle can go with one accumulator 
discharge. The senior design project team of students, named 
Fluid Raider Racers, have designed and built a two-wheeled 
vehicle for the contest, which is easy to use, compact, and 
safe for the rider. This year’s MSOE design uses electronically 
controlled valves so that only a switch needs to be flipped to 
change between the various hydraulic circuits (direct drive, 
regenerative breaking, accumulator charge and discharge) 
and uses a pneumatic seat suspension.

Team Paper JAMS

The ASME Student Design Competition this year was to 
build a compact engineering system that manufactures 
paper towers to compete in three different challenges: speed, 
height, and strength. ASME outlines many design constraints, 
the most notable being a 50-centimeter height restriction. 

Team Paper JAMS’ system constructs two unique paper 
tower structures—one for strength, and one for speed and 
height. The strength tower rolls 100 sheets into a cylinder, 
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while the speed and height tower utilize friction to hold 
overlapping sheets together. Paper is manually fed into a 
track which guides it around a circular shaft. Linear actuators 
raise an annulus-shaped collar to lift and secure the tower, 
building it from the bottom up. An additional support is 
extended under the tower for the strength challenge. The 
system is controlled using an Arduino MEGA microcontroller, 
with a combination of open and closed loop control.

DC Motor Dynamometer

The Motion Control Laboratory at MSOE needs a precise, 
low cost, and low torque dynamometer to measure the 
torque of a DC motor. The current system uses friction and 
a balanced beam to find motor torque. While this system 
works, a more precise system is desired. The proposed 
water brake dynamometer uses a fluid loop designed to 
transmit the mechanical energy of the test motor to a load 
cell for torque calculation. The water brake vanes and shaft 
were analyzed for fatigue to ensure longevity of the design. 
Finite element analysis was performed on the water brake 
rotor with maximum stresses matching the expected from 
the fatigue calculations. A system simulation was created in 
Simscape to assist in fine tuning the design after operational 
characteristics can be established. When built and tuned, the 
design will provide accurate and reliable torque measurement.

Formula Hybrid Braking System

The purpose of this project was to design and validate a 
braking system for the current Formula Hybrid vehicle. The 
design improves on the pedal feel, packaging, serviceability, 
and reliability of the current braking system. The braking 
system must comply with the rules set by the SAE Formula 
Hybrid organization. The system must pass the Formula 
Hybrid brake test in which the car must accelerate a short 
distance followed by the driver braking to lock all four tires 
simultaneously in a controlled manner. The braking system 
was analyzed to allow for adjustable front and rear brake bias 
and to account for dynamic weight transfer and an assumed 
center of gravity. Once a design concept was selected, 
calculations were done to select the specific components 
required to return the best system possible. The deliverables 
for the project include suggested components of the braking 
system, instructions on proper adjusting and tuning of the 
brake bias and a procedure for sizing and evaluating the 
braking components.
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Team Turbo Fully Loaded

The objective of this project is to complete the current 
turbocharger-based gas turbine engine for use in future 
thermodynamics laboratory exercises at MSOE. The 
turbine engine must be fully functional, safe to use, and 
instrumented for student analysis of an open Brayton 
cycle. Modularity was incorporated into the combustion 
chamber and nozzle design to allow students to analyze the 
change of system performance with each design change. 
A combustion chamber assembly with v-band clamps 
allows for rapid modularity changes between swirler and 
bluff-body flame stabilization methods. V-band clamps also 
allow for interchangeable exhaust nozzles. Combustion 
testing was performed with different air- and fuel- flow 
rates to ensure consistent combustion chamber operation. 
Proper procedures were established to ensure operation of 
the engine does not result in operator injury due to noise 
exposure, high temperatures, or combustion exhaust gasses.

KK River Wheel

The Kinnickinnic River is a unique river due to the way 
the water moves slowly downstream and may even flow 
backwards. Because of this unique type of movement, and 
the water level after heavy rainfall, trash accumulates making 
it unappealing and too dirty for use. To clean the river for the 
city of Milwaukee, the Harbor District of Milwaukee has come 
to MSOE engineers to find a solution. The solution is to create 
a trash collector much like the one that is in use in Baltimore, 
where there is a collection system inside the river feeding to 
a garbage bin. The focus for the rest of the school year will 
be on finishing the circuit design and creating a simulation 
for the MPPT DC-DC converter. These moves forward will 
advance the group’s work to be easier to continue in the 
following year.

Assistive Soft Robotic Arm

There are millions of people in the United States alone that 
have difficulty maneuvering their limbs and/or grasping small 
objects. Many of these individuals rely on assistive devices 
such as wheelchair mounted robotic arms (WMRAs) to aid in 
the completion of daily living tasks. Due to the concern that 
many WMRAs are bulky, inflexible, and potentially unsafe, 
this project aimed to develop a novel WMRA utilizing soft 
robotic principles and materials that would maintain a high 
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level of safety for the user. The design was accomplished 
using compliant materials and with the development of soft 
pneumatic actuators. A 1:3 scale prototype was constructed 
with the capacity to maneuver a scaled load representing a 
gallon of milk and with the ability to perform pick and place 
tasks using an intuitive user interface and feedback control 
architecture.

Team Pnomatic

As better safety regulations are implemented into work 
zones, the quality of breathing air is an aspect of extreme 
importance. With that comes the need for effective filtration 
units which require expensive filters. Our sponsor company, 
IVEC Systems, believes that filter cleaning systems can be 
improved to give them a competitive edge on the market. In 
this task, pneumatic systems were identified as a significant 
issue to eliminate. Using a guiding set of criteria, the possible 
design concepts were identified as impacting the internal 
cage with rubber hoses using a rotating shaft, acoustic 
vibration using a subwoofer, and vibrations induced by 
an eccentric mass vibrator. Due to the complexity of the 
interactions between the particulate and the filter media, 
experiments must be performed in order to quantify and 
characterize the effectiveness of the cleaning methods. 
Future work involves further testing to select the best 
method, along with refining the chosen design.

Dipper Door Energy Capture

The mining industry is constantly developing new 
technologies to increase efficiency, cost effectiveness, 
and safety. Industry leader Komatsu Mining Corporation 
produces some of the world’s largest mobile earthmovers, 
known as mining shovels. This design project provides 
energy capture solutions to use on Komatsu mining shovels 
to convert wasted energy from the opening of the dipper 
into stored electrical energy. A piston cylinder and linkage 
system were determined to be the best solution because 
of its retrofit-ability, robustness, maintainability, simplicity, 
and power generation. This system will provide a reliable, 
versatile, and cost-effective solution. As the door opens, the 
linkage will compress the cylinder, moving hydraulic fluid 
through a hydraulic motor, spinning an electric generator, and 
subsequently charging batteries.
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IVEC Linear Actuator

IVEC Systems is based in New Berlin, WI and specializes in 
ventilation systems. A key component of their system is the 
EZ-Gate, a blast gate that is connected to a vacuum dust 
collection system. The gate is open during ventilation and is 
closed when its workstation is not in use to minimize energy 
consumption on manufacturing floors. The MSOE senior 
design team redesigned this gate to reduce the time to 
open/close the blade and allow more flexibility in the control 
system, while maintaining or reducing cost. The new design 
utilizes a lead screw actuator, Raspberry Pi microcontroller, 
and a custom PCB to meet these specifications. A prototype 
was constructed to verify the intended operation of the 
design and to provide a baseline for future development.

ASME Human Powered Vehicle Challenge

This team set out to design a vehicle that would qualify 
to compete in the 2020 ASME Human Powered Vehicle 
Challenge at E-Fest North. The vehicle was designed around 
a carbon fiber monocoque that would serve as the structural 
frame, aerodynamic shell, and roll over protection system. 
The drivetrain of the vehicle utilizes a chain and sprocket 
power delivery system with a human powerplant. To steer the 
vehicle, a mechanical linkage system was designed to allow 
a tight turning radius, and increased stability at higher speed 
turns. The steering linkage system also acts as the front 
suspension. All structural components were proven to be 
adequate for the expected loads using finite element analysis. 
The vehicle is expected to have a sustainable top speed of 30 
miles per hour, and a peak top speed of 45 miles per hour.

PVC Pipe Heater Design

A PVC pipe heater was designed to meet the specifications 
given by Milwaukee Tool. The senior design project is split 
between a team of electrical engineering students and a 
team of mechanical engineering students. The thermal 
design portion centers its effort on finding the amount of 
heat necessary to complete a pipe heating cycle. This model 
is to be simulated in order to find expected system transient 
temperatures across a heating cycle. The mechanical design 
aspect of the heat exchanger is focused on designing a motor 
that can bring a stationary driven wheel system from rest to 
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spin a PVC pipe. The oven enclosure’s design is based on a 
user-friendly model. User-friendliness was achieved in terms 
of operation of the enclosure, automatically turning the PVC, 
allowing a safe closing and opening of the enclosure’s lid, 
maneuverability of the enclosure, as well as a simple and safe 
placement of the PVC.

OWW STEM Outreach

Old World Wisconsin (OWW) has sought assistance in the 
creation of a STEM outreach program that will teach visitors 
STEM concepts. Research indicates that there is an overall 
lack of STEM implementation for students in the U.S. and 
as such, students in the U.S. fail to meet the expectations 
of global STEM theory testing standards. As part of this 
project, Old World Wisconsin has asked us to create a visual 
demonstration about brewing concepts and explain in detail 
the science involved. These concepts will be introduced 
through a graphical chart next to the brewing setting where 
visitors to OWW can have a look and comprehend several 
stages of the brewing process involved as well as a video 
presentation comparing current and historical brewing 
methods. With the guidance of organizers, visitors will learn 
the history, culture, and recent advancements that took place 
in the brewing industry.  
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THL/MSOE Bachelor Theses

Design, analysis, and optimization of a NASA lunar  
mining robot chassis

MSOE Space Raiders student organization identified the 
need to optimize their current chassis design. Alternative 
frame concepts will be developed, analyzed, and evaluated 
under multiple load cases. The results will be compared to the 
current design in order to determine the optimal robot frame 
structure which would guarantee a safe and efficient operation. 
Different materials and geometries will be considered as well. 
The design will need to comply with all competition rules 
including the strict weight and size limitations.

Design and analysis of front and rear suspension for an 
all-terrain SAE Baja vehicle

Due to the changes in rules and requirements for a four-wheel 
drive vehicle, the current design needs to be modified. This 
includes developing a new suspension system but reusing 
the existing shocks. The main goal of the thesis is to design 
and analyze the front and rear suspension to comply with the 
new competition requirements. Static strength analysis will be 
performed using finite element analysis and will be conducted 
based on load cases that are identified as critical.

Design and analysis of a mechanism for the excavating 
subsystem of a NASA lunar mining robot 

The student club is looking for a redesign of the pivot arm that 
fits into their current chassis and bucket ladder design. The 
pivot arm is crucial for the support, movement, and positioning 
of the excavating subsystem for the robot. Constraints from 
the NASA competition must be met, along with the use 
of similar materials, fabrication techniques, and actuators 
currently available to the team. The main goals of the project 
are to design a lightweight pivot arm, improve the overall 
performance, and to reduce complexity.
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Investigation of material property influence on the 
dynamic response of table tennis rubber

The rubber that is used in professional table tennis is one 
of the biggest driving factors allowing players to compete 
with such high performance, but the underlying science 
behind the types of rubber have been substituted by pseudo 
mechanical terms in order to make the properties more 
accessible to the average player. A theoretical model will 
be created to make predictions on the connection between 
pseudo mechanical values and real mechanical properties of 
the rubber. This model will be tested against actual data in a 
controlled environment.

Design and analysis of a fatigue test stand for  
hydraulic cylinders 

Hydraulic cylinders for heavy duty applications need to be 
tested for reliability and longevity. The cylinder is placed and 
restrained inside a fixture where it is loaded until failure. A 
design that minimizes movement and vibration at the anchor 
points and, therefore, reduces fatigue on the test fixture, is 
desired to extend the life and minimize cost of the test stand. 
Due to the size, the current test fixture must be simulated 
and scaled down. Lab testing will be done to compare results 
and guide the redesign. Effects due to scaling are considered 
and discussed.

Elastic properties of ice hockey sticks 

An ice hockey stick that is optimal for all individual load 
cases, as in shots or passes, will be designed. The design 
will be done to optimize speed and predictability of the shot 
through a combination of dynamic simulations, finite element 
analysis, and physical modeling. The stick will be tested 
by real world usage, as there will be a series of shots taken 
with the newly designed stick and comparison made to the 
current sticks’ performance.
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Interlaminar crack propagation near holes in brace

There is a concern with materials currently being used in the 
brace design due to the layers of the 3-D printed materials 
coming apart, especially around the edges and holes. A new 
material, NinjaTek Armadillo, is being tested for an innovative 
brace design by the senior design team. The goal of this thesis 
is to determine if Armadillo is suitable for use as a material. 
The brace will be designed using a composite model in 
order to perform simulations and to analyze the interlaminar 
stresses around edges and holes. Bending and fatigue tests 
will be performed to compare with simulation results. 

Design and selection of an axial swirler for a gas turbine 

Axial swirlers are used to enhance the mixing of fuel and air 
within a combustion chamber to provide flame stabilization 
and extend the residence time for fuel-air mixing. A gas 
turbine has been developed by an MSOE senior design team 
and will be used as a reference for the swirler environment. 
The goal of the project is to model the mixing of propane 
and air, and to investigate the dependence of fuel/air mixing 
on the swirler geometry, including the vane angle, number 
of vanes, and swirler hub diameter. Simulation results will 
also be compared with published results for similar swirler 
configurations.

Aerodynamic and heat transfer analysis of surface 
features on an aerospike nozzle 

Aerospike nozzles offer an altitude-compensating alternative 
to traditional converging-diverging rocket nozzles. The goal 
of the thesis is to develop an optimized nozzle contour and 
perform analysis using CFD for thrust performance to verify 
the conical approximation. Features of different shapes, sizes, 
and frequency will be applied to the surface of the aerospike 
to increase surface area available for heat transfer. The flow 
field will be examined to analyze the benefits to heat transfer 
rate in comparison to the feature’s aerodynamic effects.
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Designing a personal automated brewing station 

Homebrewing kits can be very costly and require a lot of 
operator input. Most available options provide the very basic 
tools that are used in brewing and the quality of the material 
is often poor. In addition, they do not provide any type of 
convenient storage for the setup. As a first step toward an 
automated brewing system, a subsystem that automatically 
measures the ingredients has to be designed. The brewing 
station should be able to fit in a small bedroom apartment 
without hindering the use of the space.

Analysis of friction-induced heat generation and vibration 
in hydraulic cylinders

The analysis will be performed by applying accurate thermal 
measurements in a hydraulic cylinder test stand, using various 
measurement techniques at potential points of contact 
friction. The impact of different kinds of parameters on the 
measurements, such as piston velocity, and number of cycles 
is evaluated. The main goal is to quantify the extent to which 
the frictional heat generation contributes to the overall 
temperature of the fluid and how the temperature influences 
the properties and the behavior of components such as the 
seal and the fluid.

Design and simulation of a drivetrain for a floating  
trash collector 

A trash collector is floating on a platform on the Kinnikinic 
River. The trash collector consists of a DC motor that drives 
a conveyor belt on which the trash is transported into a 
dumpster. The motor is battery powered and the batteries are 
solar rechargeable. Efficient energy use is paramount, so the 
goal is to design the reference input to the motor controller 
to reduce energy waste. Different states of operation will be 
simulated to determine the energy use.
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Chain guide for river trash collector 

A trash collector is to be located on a local river in Milwaukee 
and used to pick the trash out of the water and transport 
it into a container. Developing an efficient way to collect 
trash from the whole width of the river requires a system to 
be designed that is guiding the trash into the collector. The 
system also needs to allow kayaks to safely pass by and have 
the ability to separate big logs. The goal of the thesis is to 
develop a chain guide for the trash collecting system in order 
to fulfill all requirements. The design must be fully mechanical 
and easy-to-install. 

Design and analysis of the frame for the SAE Baja vehicle 

Due to the recent changes in the rules for the SAE Baja 
competition, the current vehicle needs to be significantly 
modified. The goal of this thesis is to design and analyze a 
new frame for the future SAE Baja vehicle. The new frame will 
be evaluated with the goal of reducing the weight, following 
all SAE rules, as well as ensuring fitment of all existing 
vehicle subsystems such as steering, brakes, suspension, 
and drivetrain. The strength analysis will be performed using 
identified critical load cases and implementing the finite 
element analysis. 
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Summer 2019 Senior Projects

Bathing-induced hypothermia is a preventable and 
unnecessary stressor on healthy, appropriate for 
gestational age term newborns

Bathing-induced hypothermia is a preventable and 
unnecessary stressor on healthy, appropriate for gestational 
age term newborns. Implementing a 24-hour post-birth 
bathing protocol for nurses  in our postpartum unit will allow 
more time for infants to adapt to extrauterine life, reduce 
thermoregulation efforts, retain vernix longer to limit heat 
loss, reduce the percentage of hypothermia episodes, and 
limit hypothermia-induced adverse events. To evaluate 
the protocol’s success, we will analyze the post-bath 
temperatures of 150 newborns in the unit 30 days before and 
after implementation. From this data, we will calculate the 
hypothermia rates to determine if delaying the first bath for 
24 hours after birth reduces the instances of hypothermia 
using statistical analysis. If the data generated results in a 
5% reduction of post-bath temperatures less than 36.5 °C, 
we would deem the protocol a success and the unit would 
continue to delay newborn baths for 24 hours.  

Contaminated blood cultures delay the patient treatment 
and can lead to increased mortality and morbidity rates.  

Contaminated blood cultures delay the patient treatment 
and can lead to increased mortality and morbidity rates. The 
importance of obtaining non-contaminated blood cultures 
is that it leads the providers to determine the most effective 
treatment option for their patient who has a positive blood 
culture result. Contaminated blood cultures lead to patients 
having longer hospital stays due to ineffective treatment. 
The purpose of this project is to implement best practices 
to reduce the high rate of blood culture contamination rates 
in our emergency department. The current contamination 
rate in our emergency department is 4.5%, in comparison 
to the national benchmark which is currently set at 3%. 
The project team will be implementing a blood culture 
education course for all emergency department nurses and 
technicians to assist in decreasing the current department’s 
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contamination rate. To help facilitate the plan, six resource 
nurses will be appointed and trained to use the blood culture 
protocol survey. The survey will be used to individually score 
the emergency department nurses and technicians on the 
procedure that was taught in the blood culture course. The 
completed surveys will be compared to the monthly blood 
culture contamination analysis reports to determine whether 
the project was successful or if further changes need to be 
made. 

Healthcare-associated infections (HAIs) continue to be 
a major health care and economic burden worldwide, 
despite counter measures being utilized.  

Healthcare-associated infections (HAIs) continue to be a 
major health care and economic burden worldwide, despite 
counter measures being utilized. Even more alarmingly, HAIs 
increase the risk of morbidity and mortality for patients.  
Healthcare providers, including registered nurses, can play a 
critical role through training and compliance with proper hand 
hygiene to prevent and reduce the rates of HAIs for patients. 
With this information in mind, the objective of our quality 
improvement is to reduce the rates of HAIs on a medical-
surgical unit by reinforcing proper hand hygiene practices 
among the nursing staff, encouraging compliance, and 
enhancing patient participation. Additionally, we are including 
patients to hold staff accountable for hand hygiene through 
the use of in-room educational posters and satisfaction 
discharge surveys. We will encourage patient involvement 
by placing posters in patient rooms that highlight the 
importance of proper hand hygiene. The poster will include 
catchy logos such as, “Stop! Wash your hands!” and, “Did 
you perform hand hygiene?” to grab attention and remind 
all personnel.  A comparative study design will be used to 
differentiate the quarterly (3 month) rates of two common 
HAIs: catheter-associated urinary tract infection (CAUTI) and 
surgical site infections (SSIs). The rates of HAIs before and 
after implementation of the quality improvement project on 
the medical-surgical unit will be evaluated to correlate the 
effectiveness of the project. Rate reduction and prevention 
of these infections are vital to improving patient outcomes 
and continuous quality improvement strategies are necessary 
to help facilitate a sustainable change that aims to prevent 
future HAIs.
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VAP in the neonatal intensive care unit (NICU) is a 
serious, preventable, lung infection that has significant 
detrimental impacts on the health of the neonate and  
the well-being of the neonate’s support system.  

VAP in the neonatal intensive care unit (NICU) is a serious, 
preventable, lung infection that has significant detrimental 
impacts on the health of the neonate and the well-being 
of the neonate’s support system. Neonates weighing less 
than 1,500 grams are particularly at risk for VAP due to 
various developmental factors. According to the Institute 
for Healthcare Improvement (IHI), best practice for the 
reduction of VAP in neonates includes the utilization of a 
VAP bundle. Nurses are on the frontline of care and their 
adherence to this VAP bundle plays a critical role in reducing 
neonatal VAP. Concerns regarding our hospital’s high rate 
of neonatal VAP gave rise to this quality improvement (QI) 
project and inspired us to supplement our hospital’s current 
policy with a VAP prevention care log. We identified the 
following problem: Among mechanically ventilated neonates 
weighing less than 1,500 grams (P) will implementing a VAP 
prevention care log (I), as compared to those receiving care 
without VAP prevention care logs (C), reduce the incidence 
of nosocomial VAP infections from 2.5% to 1.5% (O)?  In 
order to address this problem, we will implement the VAP 
prevention care log which empowers frontline nursing staff 
to increase adherence to VAP bundle cares and promotes 
family involvement, thereby reducing VAP. Monthly data 
analysis throughout the 90-day implementation period 
will assist in verifying that our QI project is facilitating 
the reduction in VAP rates—decreasing the risk of this 
complication in our most vulnerable population.
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Fall 2019 Senior Projects

Nurse to Patient Ratios on a Medical-Surgical Unit

Over the decades, a nurse’s daily work assignment has seen 
an increase in patient acuity as well as volume, resulting in a 
greater workload. During this time, there has been minimal 
legislation as to how many patients a nurse should have 
assigned to them during their shift. Studies have shown 
that the greater a nurse’s assignment and acuity, there is an 
increased risk for adverse patient events. Adverse events 
which have been documented when nurse to patient ratios 
exceed 1 to 4 on a general medical-surgical unit include 
an increase in medication errors, an increase in failure to 
rescue, as well as a decreased nurse job satisfaction and 
performance. Over the time span of one month on our unit, 
there have been two failure to rescue incidents, putting our 
failure to rescue average at 22%, while the national average 
is 19%. Any adverse event that occurs in a hospital may be 
at cost to them and not the patient, which can cost tens of 
thousands and more. Although hiring nurses is costly initially, 
over time the hospital will have greater costs saved from a 
decrease in occurrences of adverse events. The purpose of 
this practice change is to facilitate a nurse to patient ratio 
change from 1 to 6 to 1 to 4 on general medical-surgical units. 
Following completion of the implementation, we anticipate 
this change of a decreased nurse to patient ratio to have 
positive effects on patient outcomes and nurse satisfaction 
on the described unit.

Evidence-Based Practice Implementation

This paper looks at the barriers to implementation of 
evidence-based nursing practices. It has been found that on 
average it takes roughly 17 years to use updated research in 
nursing practice. The motivation for initiating this project is 
that in current nursing clinicals, outdated practices that are 
potentially harmful to patients are still being used although 
new research has proven the old protocols to be non-
effective. The purpose is to recognize what the barriers are 
to utilizing the data and conducting a simulated version of 
a hospital where the goal is to carry out one of the recent 
policies within a year’s time. A specific committee in this 
simulated hospital was chosen in order to manage and initiate 
the implementation process. An intensive care unit setting 
to implement use of chlorhexidine oral care solution to 
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prevent ventilator associated pneumonia (VAP) in ventilated 
patients was the sample setting for the project. Prior to use of 
chlorhexidine, normal saline for oral care in ventilated patients 
was used and high rates of ventilator associated pneumonia 
still occurred and many institutions still use normal saline, 
although it is not best practice. Literature reviews were 
directed regarding the barriers to evidence-based practice 
implementation and on the use of chlorhexidine oral solution 
in prevention of VAP. 

Winter 2019–2020 Senior Projects

Enhanced Transitional Care to Decrease Elderly  
(65 and up) Readmission Rates

Readmission rates are high among the elderly patient 
population who are 65 years and older. At least one in five 
older adults will be readmitted within 30 days of discharge 
from an inpatient unit in the hospital (Rennke and Ranji, 2015). 
Hospital readmissions are costly to the hospital, especially 
if deemed preventable and Medicare will not pay for the 
hospitalization. The readmission leads to additional stress and 
frustration for the patient and family. Frequently the elderly 
patient will experience a functional decline, longer length of 
stay and increased likelihood to be discharged to a long-
term care facility (Heppenstall, Chiang, and Hanger, 2018). 
Patients are most at risk during the vulnerable period from 
discharge until their first follow-up appointment. Transitional 
care is the assistance and care the patient receives during 
the discharge preparation and process, and as the patient 
returns home. This project utilizes Better Outcomes for Older 
Adults Through Safe Transitions (BOOST) tools. The specific 
tools being used for this project are the Patient Preparation 
to Address Situations (after discharge) Successfully (Patient 
PASS) and the 8P’s to help reduce the readmission rates. By 
decreasing readmission rates and improving the transitional 
care of the elderly, patients will have better outcomes and 
decrease hospital costs.
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Reducing Social Isolation in Aging Adults with  
Social Robotics

Fifteen percent of the U.S. population are adults aged 65 
and older, and that percentage is continuing to rise. By the 
year 2050, the adult age group 65-84 years is expected to 
increase by 100%, and the population ages 85 years and older 
is expected to increase by 200%. The population is extending 
the need for qualified caregivers in assisted living facilities. 
Despite the intensifying demand for caregivers for the aging 
population, there is currently a shortage in caregivers. In 
addition to deficits in qualified caregivers, reports of social 
isolation are rising in the population of adults aged 65 and 
older. Increased rates of social isolation in the aging adult 
population was linked to mental and physical health decline. 
We plan to address the issue of social isolation through 
the utilization of a social robot that can be implemented 
into the assisted living environment. The social robot will 
function to aid the older adult in activities of daily living, 
including socialization. The social robot’s effectiveness will 
be evaluated through depression screening scales, social 
isolation screening scales, and customer satisfaction reviews 
that are completed and reviewed bi-monthly. Through the 
implementation of social robots into the assisted living 
environment, we hope to reduce social isolation and its 
accompanying adverse mental and physical health effects.

Use of a Targeted Educational Program to Reduce 
Ventilator-Associated Pneumonia (VAP) in the Cardiac 
Intensive Care Unit

Ventilator-associated pneumonia (VAP) is one of the 
leading causes of preventable infection among mechanically 
ventilated patients. Evidence-based practice supports that 
the trained staff utilizing care bundles for ventilated patients 
can reduce VAP rates in critical care units. The average rate 
of ventilator-associated pneumonia (VAP) in one of the major 
hospital’s cardiac intensive care unit (CICU) in the Milwaukee 
area has an infection rate that greatly exceeds the national 
average of  2 to 16 episodes per 1,000 ventilator-days (Timsit, 
Esaied, Bouadma and Mourvllier (2017). The purpose of 
this project is to conduct an educational program for CICU 
nurses, respiratory therapists and nursing assistants focusing 
on appropriate methods for the prevention of VAP. After 
implementing an educational initiative based on guidelines 
recommended by the Center for Disease Control (CDC), the 
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VAP rate will be reevaluated quarterly with a goal of below 
or equal to the national average by the following year. An 
analysis of previous studies provides evidence showing that 
our educational initiative will reduce VAP rates in the CICU. 

Enhancing Clinical Care Delivery in Assisted Living

The population ages 65 and older is growing at an 
unprecedented rate; “For the first time in U.S. history, older 
adults are projected to outnumber children by 2034” (U.S. 
Census Bureau, 2018). The primary population served 
within assisted living facilities are older adults with unique 
needs. These needs are met through the care of licensed 
practice nurses (LPNs) and registered nurses (RNs), as well 
as other unlicensed staff members. However, the residents’ 
needs can only be met to the extent at which the scope of 
practice and facility regulations allow. This project examines 
the scope of practice of LPNs and RNs in the context of 
two states, Wisconsin and Texas, and the various types of 
assisted living facilities within them. The data was gathered 
from research articles and state legislation to identify the 
need for optimizing the quality of care delivered within the 
nurse’s scope and standards of practice. This information 
also enables product development companies to best serve 
the assisted living organizations, residents, and nursing 
staff by tailoring their products to allow the organizations to 
operate more efficiently, the nursing staff to deliver care more 
effectively, and the residents to live a quality life.

Combating Alarm Fatigue in Adult Cardiac Intensive  
Care Units

Alarm fatigue remains to be a leading cause of sentinel events 
experienced within the United States’ healthcare system. 
Statistics show that almost 700 preventable deaths take 
place per day in the United States. Understanding that alarm 
fatigue is one of the largest contributors in failure-to-rescue 
events, it can be assumed that many of those preventable 
deaths are attributed to alarm fatigue. Additionally, each of 
these cases can equate to an additional $75,000 in expenses. 
By reviewing the care bundles currently in place on a cardiac 
intensive care unit (CICU) in southeastern Wisconsin, the 
goal was to identify ways to reduce these economic and 
ethical costs of non-actionable alarms experienced on a 
cardiac unit. The Reduce the NOISE campaign offers a 
protocol to be instituted on a cardiac intensive care unit 
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that can reduce the number of unactionable cardiac alarms 
experienced by nursing staff, thereby reducing the number of 
adverse events experienced by patients and their healthcare 
teams. This particular safety protocol focuses on five critical 
components to reduce the number of non-actionable alarms 
and include: new electrodes every 24 hours, optimization of 
alarm parameters, understanding the indication for cardiac 
monitoring, suspension of alarms during other patient cares 
and proper electrode placement and skin preparation. By 
focusing on these specific elements of patient monitoring, 
we anticipate decreasing the number of preventable sentinel 
events by 50% in the first six months. 

Implementing A Reproductive Education Curriculum to 
Reduce Rate of Sexually Transmitted Infections Among 
High School Students

High rates of sexually transmitted infections (STIs) among 
adolescents in Milwaukee needs to be addressed from an 
educational perspective. The state of Wisconsin has an 
abstinence only education bill that has reduced reproductive 
educational requirements to teaching about abstinence and 
the importance of marriage, if at all. Milwaukee Public Schools 
(MPS) educates most adolescents in Milwaukee. MPS uses 
a curriculum that omits important information and falls short 
of comprehensive reproductive education (CRE). CRE can 
reduce STI rates by as much as one third. The purpose of this 
project is to organize a plan to reform the Human Growth and 
Development curriculum in MPS and replace it with CRE as 
an intervention to reduce STI rates among adolescents from 
12-18 years of age in Milwaukee. This project uses Kotter’s 
Change Management Theory to structure how a new CRE 
curriculum will be created and implemented to reduce STI 
rates. The Milwaukee Public Health Department currently 
monitors STI rates and will continue current practices 
with the added parameter of determining which infected 
adolescents attend MPS and received the new CRE. The 
biggest barriers to a CRE curriculum will be securing funding 
and facilitating enough buy-in and understanding of the 
importance of CRE in reducing STI rates. The new curriculum 
could reduce STI rates by as much as one third. Educated 
adolescents become educated adults with better health 
outcomes and contribute to encouraging the formation of a 
healthier population.
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Spring 2020 Senior Projects

Concerns Regarding High Schoolers’  
Health Education: Vaping

Vaping is a major concern among the adolescent population 
due to the increasing prevalence and the lack of education 
regarding the products and health complications. The 
percentage of students who have ever used an e-cigarette 
increased from 29.91% in 2017 to 46.95% in 2019 (Office 
on Smoking and Health, 2017, 2019). Vaping is linked to 
respiratory complications referred to as e-cigarette or 
vaping associated lung injuries. The effects are clearly 
seen in these patients’ chest x-rays which exhibit bilateral 
airspace opacifications (Kalininsky et al., 2018). Vaping is 
also linked to nicotine addiction. The American Academy of 
Pediatrics stated that nicotine has “lasting damaging effects 
on adolescent brain development” (Jenssen & Walley, 2019). 
Schools are currently under equipped to handle this crisis 
as they have limited resources to implement prevention 
strategies and curriculum for their students. Through 
evidence from previous studies, education is shown to alter 
perspectives and decrease the number of students who want 
to vape or are currently vaping. With this in mind, the plan is 
to add new curriculum to high schools as well as introduce 
posters, assemblies, and student involvement to combat 
this issue. To evaluate our success, the National Youth 
Tobacco Survey will be pivotal in assessing baseline data 
and post-implementation data to measure the effectiveness 
of the education being provided. Education such as in-class 
curriculum, modules, and workshops has proven to be an 
effective tool in influencing young minds, we expect that this 
will be the same in the e-cigarette epidemic. 

Implementation of Comprehensive Orientation Plan  
for New Graduate Nurses 

The motivation for our project stemmed from the current 
turnover rates of new graduate nurses in their first year 
of nursing. New nurse retention is decreasing due to 
inadequate support systems, poor orientation content and 
length, unsafe patient-to-nurse ratios and dissatisfaction 
with the role and responsibilities. It is documented that 
new graduates often leave their first nursing job within 1 
year following orientation. This has resulted in a nursing 
shortage that continues to rise, up to 35%. It also costs 
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hospitals up to $8.1 million a year. The following depicts 
the plan to implement a structured, comprehensive 
orientation program overseen by a coordinator on new 
nurse retention within one year. To evaluate the outcome, 
there are monthly one-on-one meetings with the new 
graduate nurse (NGN) and Nursing Education Coordinator 
(NEC) to provide continuous support and feedback. 
This implementation will be successful in increasing new 
nurse retention on the medical/ surgical unit utilized. This 
will be implemented in all departments of the hospital, if 
successful, and continuously monitored and accepting 
feedback to constantly improve. 

Decreasing the Risk of Falls Through Motivational 
Interventions  

The results of a fall can have a catastrophic impact on an 
older adult's life. The impacts range from financial burden 
to physical complications. Not only is the older adult 
impacted, but so are their family and the assisted living 
facility. There are interventions that can help prevent falls, 
but not all older adults are motivated to participate in them. 
Motivation can have a huge impact on whether or not the 
older adult starts and completes the interventions. Through 
a literature review, multiple different factors, such as social, 
health, self-efficacy and environment, were identified to 
have an influence on the motivational levels of the older 
adults. The social factor involves whether the intervention 
is done individually or within a group. The health factor 
relates to the overall health of the older adult. The self-
efficacy factor is impacted by the older adult’s belief in 
themselves. Lastly, the environmental factor relates to 
the setting and conditions during the interventions. From 
the literature review, discussion with Direct Supply will 
occur regarding different interventions that could be 
implemented in assisted living facilities. The best course 
of action to increase motivation thus decreasing the risk of 
falls will be decided. After determining the course of action, 
evaluating the effectiveness of the implementation plan will 
be done. The specific evaluation plan will be determined 
based on which strategies are implemented. The purpose 
of the project would be met after implementation by seeing 
a decrease in fall rates in assisted living facilities. 
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Addressing System Wide Barriers to Prompt In-Hospital 
Cardiac Arrest Interventions 

The project addressing system wide barriers to prompt  
in-hospital cardiac arrest intervention was devised in 
NU4960 and NU4970 to address the significant need for 
improved cardiac arrest responses to improve resuscitation 
survival rates. Current statistics identify survival rates for  
in-hospital cardiac arrest between 15-24% (see appendix 
A, pg. 26). With this project, we want to eliminate the 
system wide barriers to prompt in-hospital cardiac arrest 
intervention through simulations, learning modules, 
unscheduled mock codes, and focus groups; as well as 
create an effective and collaborative team who share a 
common vision of improving patient survival outcomes. 
Elimination of system wide barriers will be addressed 
through simulation experiences, learning modules, and 
unscheduled mock codes. Evaluation of system wide 
barrier elimination will be discussed in focus groups at 
4,6,8, and 9 months. Overall, the goal of this project is to 
determine what causes significant delays in time to respond 
and intervention in in-hospital cardiac arrests including 
delays in: 1) time to initiation of CPR, 2) time to initiation of 
defibrillation, 3) time to medication administration, and 4) 
time to formal code team arrival, and how we can eliminate 
system wide barriers to these interventions in order to 
improve patient survival outcomes. 

Investigating Opportunities to Enhance Scope of Care in 
Assisted Living Facilities 

In today’s society, there are many different types of assisted 
living facilities and each type has specific criteria that a 
resident must meet to be eligible to stay at the facility. In 
many cases, when there is a change in a resident condition, 
they will require more care than the facility policy allows the 
nursing staff to give. This is a problem because when there 
is a change in resident condition, the resident will need to 
be transferred to the hospital or a facility that can give them 
more acute care. Although this is a current problem in every 
state in the US, we primarily did our research for the state of 
Florida in order to develop examples of our findings. We will 
address this problem by comparing assisted living facility 
scope of care for their nursing staff and the state’s scope 
of practice. Once this comparison is made, suggestions can 
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be made to the facilities with the aim to decrease the gap 
between the state’s scope of practice and assisted living 
facilities' scope of care. Outcome measures will be identified 
in collaboration with the assisted living facilities. These 
measures will assist facilities in evaluating whether changes 
made demonstrate the impact desired. In conclusion, 
this project is aimed at decreasing the need for resident 
transfers from assisted living facilities due to change in 
condition, this will benefit both the resident as well as the 
assisted living facilities.

Depression Screening in Adolescent Oncology Patients

The motivation behind initiating this project was a shared 
interest in mental health of adolescent oncology patients. 
There is a high incidence of depression in the adolescent 
oncology population. To address this concern, implementation 
of a standard screening tool, Kutcher Adolescent Depression 
Scale (KADS-11) will be initiated on the inpatient oncology 
floor. The KADS-11 will further assess a patient's mental 
status; this will help to facilitate referrals to patients for more 
resources upon discharge. The goal of using a screening is 
to ensure early interventions are implemented for oncology 
patients facing depression. In order to determine if the 
screening is successful, assessment of the information from 
the screening tool will be completed in order to identify how 
many patients followed up after the referral process was 
initiated. The data collected will include how many screens 
were performed and the number of referrals made. The 
determination if the tool was successful will be based on 
the referral process and a 10% decline in the occurrence 
of depression on the unit. This project will be beneficial 
for determining whether a standard screening tool should 
regularly be implemented on oncology floors in the future. 

Removing Barriers to Care for Sexual Assault Victims  
in an Urban Hospital 

The focus of this professional practice project is to address 
a common issue among urban hospitals: a lack of qualified 
people to treat victims of sexual assault. For this project, 
research was completed on methods of solving this issue 
and the extent this has on victims of sexual assault, the 
hospital, and the staff. The main issue found in this research 
was a lack of access to sexual assault nurse examiners 
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(SANEs) in urban emergency departments. Therefore, a plan 
was developed to reconcile this issue. In the review of the 
literature, research was completed on the impact of SANE 
programs, methods on hiring and training SANE nurses, 
sexual assault services provided by emergency departments, 
and statistics on sexual assault in urban locations. Key 
stakeholders were also identified, which are individuals 
or groups who are directly impacted by the lack of SANE 
nurses. The key stakeholders identified are the hospital 
administration, emergency department (ED) nurses, and 
sexual assault victims. The approach taken was partnering 
with these stakeholders to develop a plan and implement 
a change in hospital protocol for emergency department 
nurses and in hiring new SANE staff. An evaluation of the 
efficacy of this plan will occur by receiving feedback from the 
listed key stakeholders. Overall, the implementation of this 
program will create a safer environment for these victims and 
provide the highest level of nursing care for these patients. 

Standardized Suicide Screening Protocol for  
High Schoolers 

Adolescent suicide is a serious problem in the United 
States. Currently, many high schools are set up to act after 
an incident occurs instead of using preventative strategies. 
Limited schools have training sessions for faculty to 
proactively engage if there was a suicidal student in the 
high school. To be more proactive in preventative measures, 
early identification of suicidal ideation is crucial. The purpose 
of this project is to implement the use of a standardized 
screening protocol for early identification of suicide risk in 
high schools located in urban areas of the Midwest. Use of 
a change theory guides implementation of the screening 
protocol in the high school setting. Our overall goal is to see 
the increase in positive screening tests showing adolescents 
who are at increased risk. Early identification of students 
at increased risk for suicide will aid high school students in 
getting early counseling and treatment as needed. Inevitably, 
this is the first piece into the intricate puzzle of reducing the 
influx of suicides within the adolescent population.
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Sensor Technology to Decrease the Rate of Falls  
among Assisted Living Residents

Falls are a major threat to the assisted living population. Falls 
pose risks to both physical and psychosocial health, as well 
as present a significant financial burden to residents and 
facilities. A fall may necessitate the transition from assisted 
living to higher acuity care facilities. For this reason, it is 
important to explore methods to predict and prevent falls. 
The first step to preventing falls is to implement a proven 
and effective fall risk assessment into routine resident care. 
A review of the literature revealed that sensor technology, 
in the form of wearable accelerometers and in-home 
infrared sensors, provides an objective measurement of 
fall risk. Prior to implementing this technology, quantitative 
studies regarding this type of assessment tool must be 
conducted. Using a change theory will allow the successful 
integration of the selected technology to be facilitated. 
Focused attention should be paid to providing education to 
the key stakeholders, including the facility administration, 
resident care staff, and residents and their families. The 
effectiveness of the sensor technology will be determined 
by comparing the prior rate of falls to the rate of falls 
following implementation. While complete eradication of falls 
is unrealistic, it is possible to decrease the rate of falls and 
subsequent complications through the consistent use of a 
proven fall risk assessment method.

 

Use of a Comprehensive Screening Tool in the 
Identification of Human Trafficking Victims in the 
Emergency Department

In the emergency department, staff need to be on the 
lookout for a variety of situations including assault, abuse, 
trafficking, and other problems that could be flying under 
the radar. The main thing we noticed that was lacking in 
documentation was trafficking. At this time, there are no 
validated screening tools for human trafficking that have 
shown consistency in accurate identification of victims. The 
purpose of the project is to identify a validated screening 
tool to be consistently used in identifying human trafficking 
victims. Overall effectiveness of the project will be based 
upon effectiveness of the screening tool. This will be 
defined by an increase in the number of positively identified 
trafficking victims as well as staff comfort and confidence in 
identifying victims. The problem of human trafficking occurs 
across the globe every day but is so commonly missed 
across health care systems worldwide.
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Nurse Education on Early Sepsis Detection in  
the Adult ICU

Sepsis mortality continues to be one of the leading causes of 
death within hospitals killing millions annually. Bedside nurses 
are at the front line of identifying and initiating the sepsis 
protocols; however, early signs and symptoms are missed 
regularly by nurses of all experience levels. By researching 
online training, reference sheets, and 1:1 training with a CNS 
or nurse educator, the project was directed into creating a 
nursing educational protocol. An initial staff meeting was held 
to introduce the changes. Interactive online training was the 
next phase to be completed by the ICU staff. Incorporating 
reference sheets throughout the unit will be designed to 
aid in reinforcing the training and increase early sepsis 
detection. The final phase is 1:1 training/counseling with the 
CNS or nurse educator to be a first-hand resource, clarify 
misconceptions, and evaluate the success of the online 
training. Three evaluation periods after training at one week, 
six months, and one year are planned. This will be done to 
assess the impact on lowering sepsis mortality and improving 
patient outcomes. At the conclusion of the year evaluation, 
if significant positive outcomes are identified, this education 
protocol will be implemented throughout the hospital.

Enhancing Sexual Assault Education in Baccalaureate 
Nursing Programs

During clinical experiences, it was noticed that many 
patients, no matter what department they were in, had a 
history of sexual assault. There was an evident connection 
between sexual abuse history and re-traumatization 
due to stigma and lack of education among healthcare 
professionals. This correlation motivated us to pursue 
a senior project that would support survivors of sexual 
abuse. A reflection was made on the education received 
at baccalaureate nursing programs for trauma informed 
care and sexual assault awareness. The literature showed 
a need for additional education regarding trauma informed 
care. Furthermore, it showed even in programs where the 
education was incorporated, it may only be lightly covered 
due to faculty discomfort with the topic. This question 
emerged: Among baccalaureate nursing students, does 
sexual assault awareness education, compared to lack 
thereof, increase comfort levels when identifying and caring 
for victims of sexual assault? By providing education in a 
safe environment, future nurses can be better prepared to 
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implement holistic, quality care to victims of sexual assault. 
Discussing the prevalence and impact of sexual assault 
should begin as soon as possible in the nursing curriculum 
and continue throughout the remainder of their education. 
Pre- and post-surveying would be utilized to determine the 
efficacy of the education provided. There is significant need 
to bring awareness to the issue of sexual assault, educate 
nursing students on how to effectively embody empathic 
communication, and provide victims and survivors of sexual 
abuse a voice within the health care community.  

Screening and Referral for Prenatal Depression  

The goal of the project is to promote early recognition 
and treatment of prenatal depression and anxiety through 
the implementation of a prenatal mental health screening 
process. The Beck’s Depression Inventory (BDI), the 
Edinburgh Postnatal Depression Scale (EPDS), and the Mood 
Disorder Questionnaire (MDQ) will be administered at the 
initial prenatal encounter, followed by administration of the 
EPDS at all other subsequent prenatal encounters. We hope 
to increase the rates of prenatal mental health screenings 
and needed referrals in order to reduce negative outcomes 
related to prenatal depression and anxiety. The Centers 
for Disease Control and Prevention (2020) states that 
about 14.2% of women who gave birth in Wisconsin in 2017 
reported they experienced depression during pregnancy. 
The American College of Obstetricians and Gynecologists 
recommends at least one prenatal depression screening with 
a validated tool. However, studies have shown that universal 
screening is not employed by most providers and screening 
rates in the prenatal period are minimal. High severity of 
depression can lead to suicide, infanticide, and negatively 
impacted infant growth and development. Evidence indicates 
that early treatment of depression in mothers leads to 
improved growth of the newborn. Early referrals based on the 
patient’s score will help promote patient safety and reduce 
the impact of maternal mental illnesses. Our evaluation will 
be conducted after one year of implementation and will be 
assessed through monitoring the number of screenings and 
referrals. This will also allow us to detect how depression 
rates increase or decrease throughout the prenatal period.
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BioMolecular Engineering Senior Projects

Avidia: A Novel Stem Cell Storage Process and Device

Avidity implemented a novel stem cell storage device and 
temperature independent process which offers a reliable, 
non-toxic, and cost-effective alternative to current methods 
requiring liquid nitrogen. Avidity focused on how these 
novel processes will affect cell recovery upon rehydration 
by varying the vacuum pressure and cooling rate. Through 
redesign of six versions of the desired prototype with 
Autodesk Fusion 360, Avidity has printed two functional 
prototypes through the MSOE’s Rapid Prototyping Center 
(RPC). By also redesigning the storage process and utilizing 
a novel lyoprotectant recipe incorporating epigallocatechin 
gallate (EGCG) and damage suppressor protein (Dsup), 
cell recovery is expected to increase from protecting 
the membrane and genetic content of cells during the 
lyophilization process. Team Avidity is also the first MSOE 
senior design student team to help with the approval process 
to bring and work with Human Embryonic Stem Cells (hESCs) 
on campus for research purposes.
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Probiotic Modulation of Immune Response

Commercial livestock producers have come to rely on the 
continuous administration of antibiotics as a preventative 
measure against livestock infections. This practice of 
continuous antibiotic use has come under scrutiny due to the 
rise of evolving resistance to current antibiotics and pose a 
major threat to both humans and livestock. Team Chrysaor 
is working to resolve problems such as antibiotic resistance 
bacteria in livestock and humans by developing a testing 
method to determine the probiotic efficacy in livestock feed. 
The team has established a model that replicates the porcine 
intestine to test possible novel probiotic strains provided 
by the Microbial Discovery Group (MDG). This progress 
was achieved by culturing an established intestinal porcine 
epithelial cell line, IPEC-J2, and monitoring Tight Junction 
Proteins (TJP) using immunocytochemistry and trans 
epithelial electrical resistance (TEER). The staining protocol 
was put together by 2018-2019 team, Guts and Glory, and 
finalized by Team Chrysaor, designed to visualize TJP using 
an indirect system. The primary antibody is used to detect the 
protein of interest while the secondary anti-body is tagged 
and attached to the primary emitting a fluorescent signal. 
Chrysaor used TEER to measure the electrical resistance on 
the paracellular route of IPEC-J2 cells on Boyden chamber 
inserts to determine the peak of TJP expression.

The Stabilization of an Oxygen Therapeutic for Scaled up 
Industrial Production

Pectin-based hydrogel microcapsules encapsulating 
hemoglobin, as a novel oxygen therapeutics, have 
been developed through an electrospray process. The 
microcapsules have similar characteristics to red blood 
cells in terms of size and shape. The project focuses on 
the stabilization of the microcapsules in conditions similar 
within the human body using simulated plasma. In order to 
stabilize the microcapsules, the microcapsules must be cross-
linked using either a covalent or non-covalent cross-linking 
solution. Three cross-linkers were tested: Ca2+, Mn2+, and 
Glutaraldehyde. Two primary experiments were conducted: 
the first experiment was used to determine the selection of 
the cross-linking solution using five different concentrations 
of the three cross-linking solutions at one cross-linking 
time; the second experiment focused on cross-linking time 
using three different concentrations using three different 
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cross-linking times. The conclusion of the project found 
the microcapsules were stable using glutaraldehyde as a 
cross-linker, even using the lowest cross-linker concentration 
(0.25x) and the shortest cross-linking time (1 hour). 

Characterization and industrial production of  
pectin-based bioink containing bioactive molecule  
loaded microspheres for bioprinting.

This project focuses on helping people in need of an organ 
transplant through the characterization and the industrial 
process design of a pectin based bioink that promotes 
vascularization and controls drug release. The goal is to 
3D bioprint artificial tissue and organs using this bioink to 
help seal the gap between the number of organ donors and 
patients in need.

Improvement and Redesign of Chr. Hansen’s  
Fermentation Process

The team is looking to fulfill Chr. Hansen’s various customer 
needs of a Kosher and Halal media, yielding a higher and 
more consistent cell count while maintaining production costs 
near or the same as the current cost of $0.26/kg. The team 
must reevaluate and optimize the current fermentation media 
and parameters. Multiple media compositions have been 
proposed for testing in order to determine what components 
have the best effect on the growth of Leuconostoc. The 
team is working to achieve a cell count of 109 CFU/g or 
greater. The team has created a media foplrmulation that 
has shown to reach 1.1×1010 active CFU/mL through shake 
flask experimentation; however, bioreactor tests have shown 
to reach 2.8×109 active CFU/mL. Cell concentrations have 
been quantified using on-site flow cytometry. For further 
experimentation and optimization, this media will be tested on 
the industrial scale to analyze viability.
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The Design of a Full Scale MixAlco Production Facility

The goal of this project is to design a full-scale production 
facility to produce mixed carboxylic acids using the MixAlco™ 
process. This process takes in biomass, such as municipal 
solid waste, and converts the biomass into carboxylic acids 
via a bacterial culture. The project is designed using SuperPro 
Designer and explores the feasibility and profitability of 
the MixAlco™ process. The design of this facility requires 
vigorous optimization of each unit operation. Sensitivity 
analysis on both the chemicals market and the facility are 
required to help determine the approximate error in the cost 
and profitability of the facility. The current results show that 
this project is feasible, as they point to a payback time of less 
than two years.


