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The capstone Senior Design Project Program  
is a hallmark of success for  engineering seniors.  
In this one or two-semester course, senior  
students are mentored by faculty and industry 
engineers as they work to solve real-world  
engineering problems for company sponsors.  
Students learn about the  principles of design,  
how ethics affect engineering decisions, how 
professionals communicate ideas and the  
day-to-day implications of intellectual property.

ECONOMIC  
IMPACT  
STARTS HERE
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GREETINGS! 

Greetings and welcome to our Senior Design Demonstration Expo!

The Senior Design Project is the final experience of our students’ undergraduate 
career, a year-long process that provides a hands-on application of the principles 
and theories they have spent the previous three years honing. Students learn and 
apply the principles of design; the complex interplay among engineering solutions 
and societal, environmental, economic and ethical considerations; the language 
of industry; and the power of engineering to catalyze new solutions to entrenched 
problems such as sustainable energy, access to clean water, agriculture,  
transportation and health. 

Each and every year, 75-plus organizations, large and small, partner with the 
UConn School of Engineering to not only fund projects, but also donate valuable 
mentorship time, as well as solidify the unique information-sharing pipeline that 
the School and University has with the engineering community. With the generous 
support of all of our sponsors, seniors get direct access to talented engineers in 
the industry, as well as valuable hands-on experience in a group setting. Addition-
ally, by solving real-world problems, and creating innovative solutions for compa-
nies, the School of Engineering, and its students, drive significant economic im-
pact towards the sponsoring companies and the state of Connecticut as a whole.  

As you walk among the exhibits displayed here, which are summarized within this 
booklet, talk to our students. Learn about how they applied the knowledge they 
have worked so hard to gain. Share in their excitement for the discipline that has 
dominated their undergraduate career. Their experiences will afford you a deep 
understanding of the issues they encountered, the creativity and ingenuity they 
applied to their project, and the exceptional quality of their engineering skills.

These students will be graduating shortly. They will soon embark on the next  
portion of their engineering journey, whether that be graduate school or the  
beginning of their careers. They are the future of our discipline, and I am both 
proud of the role UConn has played in their development and humbled at the 
thought of what they can achieve. 
 
 

Cordially, 
 
 
 

Kazem Kazerounian
Dean

BENEFITS TO SPONSORS 
   
Value: For a fraction of what sponsors 
pay full-time employees, a small team 
of student engineers will work on a 
sponsor’s project. 

Address a Challenge or Explore 
a New Idea: Sponsoring a Senior 
Design project allows sponsors to 
address a problem without the large 
investment. 

Strategic Recruiting: Sponsors 
have nine months to collaborate with, 
cultivate and evaluate undergraduate 
students as prospective employees. 

Access to UConn’s Unique  
Resources: Senior Design Projects 
also give you access to UConn faculty, 
who have expertise and state-of-the-
art laboratories and equipment. 

Visibility: As student teams and  
faculty gain exposure to your  
organization’s resources, products/
processes and culture, they will spread 
awareness of your organization.
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Numerous algorithms have been created for the analysis of 

biological sequences since computing technology has allowed 

for sequencing and quick data processing and manipulation. The 

goal of this project is to develop a web application for a Python 

data analysis pipeline designed for identifying co-evolving amino 

acid residues in protein sequence. The software gives the user 

insights into the reproducibility and other metrics of accuracy of 

the algorithms’ results, and includes a novel algorithm for the 

identification of coevolving residues (Z-scored-product 

Normalized Mutual Information, or ZNMI). The pipeline was 

functional and provided the desired results, but its run time and 

usability left significant room for improvement; a typical execution 

of a test program took upwards of ten minutes depending on the 

machine, and some necessary user inputs required hardcoding 

on the part of the user.   

  

Our improvements and the application built around it improve on 

the runtime of the current pipeline, and provides a user-friendly 

interface which maintains the pipeline’s speed and accessibility 

across operating systems. Profiling tools have allowed us to find 

the slowest processes within the code, which became the targets 

for optimization. Optimization was performed by implementing 

existing python functions in C, which allows for more efficient 

processing of large datasets and iterative counting functions, for 

example.  

 

The usability of the software was improved by creating a web 

application using Flask for our back-end framework and 

AngularJS as a front-end framework. Creating a web application 

around the data analysis pipeline ensures that the software is 

accessible regardless of operating system, and users can 

change parameters prior to analysis without the need to 

hardcode alterations.  

 

 

 
 
 

 
 

    
                          

 
          
 
 
 

 

Team 1 from left: Michael Abbondondolo, Paul 
Lapre, Bryan Sweeney 
 

 

Scalable Software for Correlated 
Substitution Analysis in 
Biological Sequence 
 

 
TEAM: 1 
SPONSOR: Biomedical Engineering Department 
ADVISOR: Dr. Kevin Brown 
 

BIOMEDICAL ENGINEERING 
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There are about 2 million people with amputations in the United 
States and it is estimated that more than 500 Americans lose a 
limb each day. With prosthetic limbs costing between $5,000 to 
$70,000 and abandonment rates of upper limb prosthetics from 
19% to 65%, there is a clear need for comfort improvement in 
prosthetic devices. Current solutions to monitor limb-prosthetic 
interactions require surgically invasive sensor implantation which 
can be expensive and painful. This device is a pain-free, low-cost 
non-invasive sensor system that monitors the prosthetic-tissue 
interface and atmosphere. It provides feedback to the user about 
real-time conditions that could be causing their current discomfort 
as well as can provide companies and engineers information about 
common discomfort causes to improve future designs.  
 
The prosthetic monitoring system is a circuit consisting of four 
separate sensors used to track conditions within the prosthetic 
environment. The system relays real-time information to the user’s 
computer for use in quantifying parameters leading to cases of 
prosthetic discomfort. To achieve this, a force sensor, temperature 
and humidity sensor, accelerometer, and heart rate monitor are 
integrated into the circuit. The force sensor can measure small 
changes in forces along the side of the prosthetic sock. This 
measurement helps identify poor fitting prosthetics and monitors 
swelling and shrinking of the limb throughout the day. Measuring 
temperature and humidity within the sock provides insight into the 
amount of sweating and overheating occurring. Using an 
accelerometer allows for implementation of a step counter to 
monitor cyclic loading of the prosthetic. Finally, the heart rate 
monitor is used to establish the patient’s heart rate variability since 
large fluctuations in heart rate can greatly correlate to excessive 
stress levels. All sensor measurements are then processed by an 
Arduino microcontroller that subsequently sends the data to a 
computer via a Bluetooth module. The device will be integrated 
into a normal prosthetic sock by mounting sensors and semi-
flexible components to the areas on the sock that remain relatively 
rigid during movement. This device enables patients and their 
medical professionals to be aware of their patients fit and comfort 
with their prosthetic. The accumulation of data procured with this 
device could also be used as guidelines for manufacturing better 
comfort prosthetics that should reduce prosthetic abandonment 
rates. 
 

 
Pictured from left to right: Emily Wycallis, Ross 
Brancati, Stephen Cangelosi, Kryshan Appalaraju 
 

 Prosthetic Tissue Interface 
Sensing System 
 
 

TEAM: 2 
SPONSOR: Biomedical Engineering Department 

ADVISOR: Dr. Insoo Kim 
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Hyperbaric oxygen therapy is a full-body treatment that creates a 

high-pressure environment within a chamber in order to expose the 

body to pure oxygen. This therapy is currently practiced within the 

medical field to treat conditions such as decompression sickness, 

acute carbon monoxide poisoning, and serious infections. The 

traditional monoplace chamber is a large-scale device that has the 

capacity to hold one patient in a supine position. Hyperbaric oxygen 

therapy has proven to provide many benefits for full-body healing; 

however, the effect of this technology on tissue engineering has not 

yet been explored. The goal was to design a scaled-down 

hyperbaric oxygen chamber for benchtop laboratory use to study 

and determine the effect of high-oxygen and high-pressure 

environment on cell behavior in terms of proliferation and 

differentiation.  
 
The chamber body is constructed from a PVC tube that is enclosed 

with two aluminum end-caps and O-rings for sealing at each 

interface. During testing, internal pressures will range between 2-5 

ATA (29.4-73.5 psi) and these materials, along with the sealing 

mechanism, provide adequate strength to withstand the high-

pressure environment without gas leakage. One of the aluminum 

caps provides unrestricted access to the entire chamber via a 

completely removable, integrated door design. The door is fixed 

using a locking mechanism that creates an airtight seal while 

enabling easy and efficient removal and fastening. The other end-

cap is equipped with an on/off valve for the oxygen supply, a fast-

acting pressure relief valve with a set pressure of 75 psi for safety 

precautions, and a pressure gauge with a psi range of 0-100 to 

provide a pressure reading. A main specification of this small-scale 

hyperbaric oxygen chamber is to optimize the internal volume and 

plate-carrying capacity while limiting the benchtop space it occupies. 

To maximize the number of cell culture plates the chamber can 

accommodate per exposure, two shelves are incorporated, each of 

which can hold up to four plates. Medical grade oxygen and a step-

down regulator are used to provide the oxygen-rich environment 

within the chamber for cell culture and tissue engineering 

experiments. This device presents great potential for investigation 

into the effects of increased pressure and oxygen levels at the 

cellular level to better understand how this strategy could be used in 

tissue engineering and regenerative medicine. 

 

 
Hayley Page (left), Cameron Collinge, Kyle Jonas, 
Julia Goldstein (right) 
 
 

Hyperbaric Oxygen Chamber for 
Cell Culture and Tissue 
Regeneration 
 

TEAM: 3 
SPONSOR: UConn Health Center 

ADVISOR: Dr. Syam Nukavarapu 
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Dr. Syam Nukuvarapu is a professor from the UCONN Health 

Center researching biomaterials and more specifically, 

regenerative engineering. The ability to synthesize completely 

organic tissue could produce long-term solutions to almost any 

physical injuries. Many desired tissues can be formed from stem 

cells but the real question is how can the stem cells be changed, or 

differentiated, into the exact desired tissue cell. Dr. Nukuvarapu is 

trying to discern the most effective way of differentiating a certain 

type of stem cell associated with growth of cartilage, known as a 

chondrocyte, into articular cartilage. This is a specific type of 

cartilage that forms the articulating surface of many joints and is 

severely damaged by osteoarthritis. This design seeks help Dr. 

Nukuvarapu test the theory that articular cartilage can be 

differentiated from chondrocytes by applying high pressures to the 

chondrocytes in a similar fashion to what they would experience if 

they were to grow in the joint of a living and active human. 

 

To achieve the desired cell differentiation, a system had to be 

designed that could achieve roughly 2 MPa through cyclic loading. 

To do this, a special pressurizable test tube was designed to 

function in conjunction with a centrifuge. The test tube would 

house a specially made cell culture tube and would be pressurized 

via a gas cylinder to a desired pressure. The centrifuge would then 

spin the tubes, thereby reaching the desired pressure threshold. 

The goal of this system is to recreate the cyclic loading seen in the 

knee joint during daily activity. Dr. Nukuvarapu has postulated that 

by applying the aforementioned loading, the chondrocytes would 

be more inclined to differentiate into hyaline cartilage rather than 

fibrocartilage.  

 

 

 

 

Michael Tarascio, Danish Kidwai, and Declan 
Hussey (Left to Right) 
 

 

A Bioreactor for Articular 
Cartilage Regeneration: Fluid 
Mechanics Approach 

TEAM: 4 
SPONSOR: UConn Health 

ADVISOR: Dr. Syam Nukavarapu and Dr. 

David Pierce 

BIOMEDICAL ENGINEERING 
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According to the Skin Cancer Foundation, one in five Americans 
will develop skin cancer over the course of their lifetime. 
Melanoma, one of the most serious forms of skin cancer, presents 
a severe health risk accounting for nearly 75% of skin cancer 
related deaths and early detection is critical for effective treatment. 
While a traditional diagnosis often requires clinical intervention, 
challenges of access and cost may prevent patients with unusual 
lesions from seeking necessary guidance. Thus in order to improve 
accessibility of critical dermatological consultation, our group has 
developed a mobile phone app that will assist in Melanoma 
diagnosis. DermaSpot, our proposed android studio app, will allow 
users to easily determine the probability of cancerous blemishes 
and communicate rapidly with dermatologists. The goal of this 
device is to assist in the early diagnostic stages and accelerate 
treatment, when necessary. Using a deep neural based skin 
cancer recognition model, we use a database of skin cancer 
images to train our program for discrimination between benign and 
malignant lesions. Successful deployment of this tool in a mobile 
app will provide user-friendly information for use by medical 
professionals, which will promote earlier detection of Melanoma 
and allow for better therapeutic outcomes.  
 
Our Skin lesion classification model is trained from Google 
Inception V4 architecture using a database of over 12000 
dermoscopic images divided into malignant and benign classes. 
Each image is resized to 299 by 299 pixels and converted to 
tfrecord format. RMSprop gradient descent optimization with an 
exponential decay rate of .9 is applied to the training model. The 
initial learning rate is set to 0.1 and the end learning rate is 0.0001. 
Our results demonstrated 89% accuracy in testset classification. 
Deployment to the Android platform is achieved by exporting an 
inference graph with frozen variables from a trained checkpoint. 
This exported model is connected to Android JAVA API via a JNI 
library. The app interface allows patients to capture live images 
and upload from a photo library. User data is uploaded to a AWS 
server and shared to Dermatologists via Parse SDK. 
 

 
 

 
 

 
 

Christopher Le, Muyang Xu, Haris Qureshi 
 

 

 

 

DermaSpot: Mobile App for Skin 
Cancer Detection 

TEAM: 5 
SPONSOR: Biomedical Engineering Department 

ADVISOR: Dr. Guoan Zheng 
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Modern tools being used in labs across the world have been 

improving for decades, and are capable of extracting data never 

before available at unprecedented rates.  The effectiveness of 

these tools presents a new problem for biologists, who end up with 

more data than is feasible to analyze by hand.  Many of these 

problems lack a comprehensive and autonomous computational 

solution, programs oftentimes require manual intervention in order 

to operate properly, wasting time.   
 
The primary goal of this research is to explore the plausibility of 

applying machine learning algorithms to some of these problems to 

provide an autonomous solution.  Two distinct problems are 

explored.  The first is the identification of neurons in live tissue, 

which appear in videos taken using a high power microscope as 

glowing ellipsoids against a noisy, grayscale background.  The 

second is to identify the component parts of overlapping spikes 

from action potentials of neurons.  Though clearly different from 

other spike templates in the reading, overlapping spikes can be 

difficult to split into their component parts due to the incredible 

amount of combinations that could have caused the overlapping 

spike and the obscuring of features of the component spikes. 
 
To apply machine learning to these problems, Google’s Tensorflow 

python API was used to create neural networks that analyze the 

data collected in experiments done on real neurons and live tissue. 

Tensorflow provides the tools to create neural network architecture 

that can generalize problems and learn from examples of correct 

solutions. The machine learning algorithms are bolstered by other 

algorithms such as principal component analysis and median 

filtering.  These processes prepare the data for the machine 

learning algorithm and create a fully automated pipeline.  For the 

problems specified, there is no current solution that is fully 

automated, and that is why these machine learning algorithms 

have the potential to make a big impact. They will allow 

researchers to quickly process experimental data and make 

conclusions faster than before.   

 

   

 

Applications of Machine Learning 
to Analysis of Neurological Data 

 

TEAM: 6 
SPONSOR: Biomedical Engineering Department 

ADVISOR: Dr. Bin Feng 

BIOMEDICAL ENGINEERING 

 

Left to Right: Keeyan Ghoreshi, Eric Van Der Karr 
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 According to the American Chiropractic Association, one-

half of all working Americans admit to having back pain symptoms 

each year and experts estimate that as much as 80% of the 

population will experience a back problem at some point in their 

lives. Lower back pain is the leading cause of disability worldwide 

as well as the most common reason for missed work. With the 

exceptions of those involved in traumatic accidents, the majority of 

people that develop back pain is due to living and working with 

poor posture. This device was designed in order to help people be 

more aware of their posture throughout the day in order to allow 

them to correct it and help prevent back problems later in life. In 

order to combat this problem, the group sought to design a cheap, 

lightweight, and comfortable  wearable device that uses 

accelerometers to measure the angle of the user’s lumbar and 

thoracic regions to determine whether or not the spine is in a 

neutral position. 
The wearable device consists of a system of two 

accelerometers, a lightweight harness, and a microcontroller fitted 

with a bluetooth module.  The lightweight harness is used due to its 

ability to be easily concealed underneath clothing while providing a 

close fitting surface to mount sensors along the user’s spine.  The 

accelerometers serve to measure the angle of the user’s spine at a 

given position while also serving as a reference point.  Monitoring 

the difference in output of the accelerometers allows observation of 

spinal curvature without mistaking bending at the hip for a change 

in posture.  The sensors are secured to a vertical strap of the 

harness along the user’s spine.  Data from the accelerometers is 

processed with a microcontroller and sent out via bluetooth to the 

user’s smartphone.  An alert is sent to the user if posture outside of 

the acceptable range is detected.  The microcontroller and 

rechargeable battery are stored in a small housing at the base of 

the harness. 

 

   

 

Inexpensive Device for Monitoring 
Posture to Prevent Back Pain 
 
 

TEAM: 07  
SPONSOR: Biomedical Engineering Department 

ADVISOR: Dr. Patrick Kumavor 
 
 

BIOMEDICAL ENGINEERING 

  

Alexander Long, Michael Stringer, Ben Schaff, 
Will Ludes 
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Back pain is a common cause of work-related disability in people 

under the age of 45 and 54% of these individuals spend most of their 

workday sitting. A correlation exists between back pain and poor 

posture. By correcting poor posture, back pain can be prevented. 

Proper posture allows muscles to contract effectively giving them 

strength and structure. The goal is to construct an innovative 

continuous feedback system consisting of wearable circuitry working 

together to detect posture, transmit information, and obtain input to 

and from the user. By notifying the user of their poor anatomical 

positioning, the end goal is that some degree, if not all of the back 

pain in the future will be prevented. 

 

This task is completed using an adhesive device and a wearable 

bracelet. The device is attached to the skin using medical grade 

adhesive that is waterproof and safe for electrical components. The 

adhesive device utilizes a biaxial flex sensor that measures the curve 

at a specific point on the back. Once the user deviates substantially 

from proper posture, the change in the curve is signaled to the 

bracelet to activate the red LED and motor. This signaling will prompt 

the user to fix his or her position so that good posture can be restored 

and confirmed by the green LED. The bracelet will house the LEDs 

and motor in a unique design. The device is user friendly due to its 

wireless transmission and easy calibration. The device has a high 

sensitivity to bend resulting in accurate data and the design is 

versatile to any user  

 

Accurate results were obtained using ProStance when placed left of 

lumbar 4 and sacrum 1. At proper posture, the flex sensor was 

calibrated resulting in an emitting green LED. As deviation occurred, 

the bracelet displayed a red LED and vibrated to warn the user about 

their current posture. The LED is a subtle indicator that notified the 

user of their posture and the motor proved to be a warning sign when 

the red LED was ignored. ProStance is inexpensive and well 

designed to compete with other devices on the market. ProStance is 

aimed at preventing back pain and improving workplace safety.  

 

 

 
Left: Pedro Ramirez, Alemayehu Asres, 
Magdalena Wegrzyniak, Cristina Rascoll 
 

 

ProStance 
An Inexpensive Device to Alleviate 
Back Pain Due to Poor Posture  

TEAM: 8 
SPONSOR: Biomedical Engineering Department 

ADVISOR: Dr. Patrick Kumavor 

 

BIOMEDICAL ENGINEERING 

Adhesive Device and Alert Bracelet 

Hidden IC’s Vibrating 
Motor 

LED’s 

Spinal Device
(posture sensor housed inside) 
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Lower musculoskeletal injuries can range from having subtle to 

severe pain, and many of the times a full examination is required to 

determine which joint is the root cause of such pain.  Injuries can 

be detected in any foot, ankle, knee or hip joint and this can cause 

complications when the patient is attempting to stand up and even 

walk.  To begin the process in healing injuries of lower extremities, 

ideally a patient will begin rehabilitation, where they will be closely 

monitored while practicing physical activities like standing up and 

walking.  The goal of the Sit to Stand Robotic Knee Device is to 

supplement the rehabilitation process and shorten the recovery 

time for patients with lower musculoskeletal injuries.  The device 

will aid the patient to perform the sit to stand motion by the help of 

an electric motor attached to the knee area along with a built in 

locking mechanism to prevent falling backwards.  Not only is the 

device manufactured with materials that are lighter and more 

flexible than current products on the market, but it is also minimal 

in size making the device more mobile.  
 
A metal brace that runs from the base of the foot to the mid-thigh 

and a motor attached at the knee are combined into one design for 

optimal support. Using Maxon Motors’ EC90 Flat motor with 

planetary gearbox GP52 gives the motor a peak continuous torque 

of 30 Nm and a peak stall torque of 45 Nm due to a reduction ratio 

of 353:1. At about 1.7kg and only needing 24V this motor gives our 

user 30% support alone. The motor is controlled with a DEC 

module eval board with connectors, switches, and a potentiometer 

to power, control direction, and adjust the speed of the motor at the 

user’s preference. 
 
ANSYS version 18.2 was used to select the optimal material for 

the device. A fatigue analysis was completed to predict the 

maximum equivalent stress and total deformation of the metal with 

the forces from the motor and the body placed upon it. Aluminum 

7075 was found to be the ideal material from this simulation as the 

yield strength of 5.03 E8 Pa is higher than the maximum equivalent 

strength of 1.85 E8 Pa. Therefore this material is strong enough to 

maintain the structural integrity when put under significant loads 

but is still lightweight enough to be convenient for the patient. 
 

 
BME Team #9: Kenny Tang, Fearass Zieneddin, 
Jacob Grosso, Nicole Romano, Kelsey Clemens 

ECE Team #25: Jeffrey Martin, Mohammed 
Serdah, Philip Syrrist 

 

Sit to Stand Robotic Knee Device 

 

TEAM: BME Team #9 & ECE Team #25 
SPONSOR: GP Musculoskeletal System Modeling Lab 

ADVISOR: Dr. Krystyna Gielo-Perczak (BME) 

    & Dr. Shalabh Gupta (ECE) 

BIOMEDICAL ENGINEERING & ELECTRICAL ENGINEERING 
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This biomedical device consists of a single sliding platform, the height 
of which can be altered by moving the assembly higher or lower on the 
guide rail, which is mounted to a wall. The design allows for a one-
dimensional, translational motion that can be adjusted in angle as well 
as height to produce a variable range of positions for a patient 
undergoing physical therapy, thereby increasing the number of possible 
exercises available to a physical therapist.  
 
The motivation for producing this device is the current lack of any 
comparable product on the market, as well as the definitive 
improvements that it can offer for a rehabilitation patient. Per the 
project’s main consultant, Dr. Gregg Gomlinski, a mechanical device 

that performs this motion consistently and without extensive effort on 
the part of the patient would have applications in improving range of 
motion, muscular tone, and surgical rehabilitation. In addition, it will 
provide a quantifiable measure of rehabilitation progress, a feature 
lacking in current technologies. 
 
The primary feature of this device which sets it apart from existing 
biomechanical rehabilitation tools is the range of possible angles at 
which it can be safely operated. Rated for a safe range of -45° to +90° 
with respect to horizontal 0°, and capable of being deliberately set at 

any value within that range, this device incorporates rectilinear 
rehabilitative motion to produce a novel range of exercises. This 
aspect, coupled with quantitative angle and distance values, will allow 
physical therapists to quantify improvement in patient range of motion, 
something never before possible. 

 
Following completion of device design and assembly, testing involving 
force platform and EMG devices was performed in order to supplement 
the design’s purpose with supporting data. Additionally, software 
simulation in AnyBody Technology allows for safe testing of the device 
throughout a wide range of scenarios without the need to involved 
patient subjects at this time. The project consists of the device 
prototype, 3D modeled design files, and a wide range of data verifying 
the effectiveness of the product. 
 

 

  

TEAM from left to right: Zane Cooke, Antonio 
Scarvaglieri, Sydney Stewart, Chris Rizkallah 
and Eric Ell 
 

A Novel Shoulder Rehabilitation 
Device for Translational Motion and 
Range of Motion Quantification 

TEAM: 10 
SPONSOR: GP Musculoskeletal System Modeling Lab 
ADVISOR: Dr. Krystyna Gielo-Perczak 

 

BIOMEDICAL ENGINEERING 



13

The purpose of this senior design research project was to 
develop a successful in vitro model for traumatic brain injury 
(TBI) simulation and subsequent electrical activity 
measurement. The project uniquely combines controlled, 
mechanical trauma and correlates it to dynamic strain 
mapping and stress distribution, while also analyzing the 
electrical activity of varying severities of TBI. This in vitro 
model has the goal of advancing precision medicine to be 
able to appropriately treat different TBI cases while also 
reducing the need for in vivo animal studies, which can be 
expensive and morally controversial. The group has 
designed a novel force applicator, which utilizes a 3D-printed 
micro-hammer that can vary the applied force on brain tissue 
model. This novel force applicator, which applies force 
laterally, can allow for 3D-imaging superior or inferior to the 
tissue sample. Additionally, the project utilizes an incubator, 
biosafety hood, and syringe pumps designed by the senior 
design team to minimize the cost of purchasing and using 
commercial laboratory equipment. These manufactured 
devices can provide a cost-efficient, streamlined system for 
research studies. This developed in vitro model will provide 
new information to aid in the diagnosis and treatment of TBIs 
in the biomedical community. 
  
In vitro experimentation involved culturing neurons on 
collagen-filled silk scaffolds to most accurately mimic cortical 
brain tissue. The fabricated scaffolds are housed in the 
constructed incubator, surrounded by the filtration hood, and 
cultured for extended periods of time under standard cell 
culture conditions of 5% CO2  and 37˚C. After the 
development of sufficient neuronal networks within the 
scaffolds, the group performs mechanical trauma 
experimentation with the force applicator and a high speed 
camera records the damage. Displacement among the 
scaffold can be tracked from multiple video frames. With 
these results, strain mapping can be completed with 
correlation to the associated neural network damage. 
Neuronal damage is further assessed using a live-dead cell 
assay for additional data correlation to strain mapping and 
electrical signal recordings. The team strives to have this 
complete model improve future in vitro TBI studies and 
change previous, conventional research methods. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 

Left to right: Norah Cowley, Bianca Wyman, 
Alexander Almeida, Jenna Taormina.  
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Cerebrospinal fluid (CSF) is a fluid that is produced by the brain via 

the choroid plexus and flows through the ventricular system of the brain, 

bathing the brain and spinal cord. This fluid has multiple functions including 

delivery of nutrients to various parts of the brain, as well as eliminating waste 

products produced by the central nervous system and also acting as a shock 

absorber for this area of the body. Hydrocephalus is a disease characterized 

by an over accumulation of CSF inside the ventricles of the brain. This extra 

fluid puts pressure on brain tissue, eventually leading to neuronal cell death. 
The use of shunts began to emerge as the most common treatment in the 

mid twentieth century. To compensate for a lack of CSF reabsorption, the 

shunt functions as a drain, moving excess CSF to another area of the body. 

The general design of a shunt incorporates three components: two catheters 

and a one way valve. A small narrow tube or catheter is first implanted into 

the ventricle of the brain and distal to this is the main valve component. 

Despite the characterization and treatment of hydrocephalus for over 50 

years, shunt designs from 1950 have endured little advancement. Also, the 

implantation of the shunt is a typically invasive procedure involving 

neurosurgery which is subject to risk of infection. Shunts are prone to failure 

with issues ranging from shunt obstruction, disconnection, part fracture, and 

overdrainage/underdrainage issues. Approximately 40% of shunts fail within 

two years of implantation and 98% fail after a ten year span. 

 

The goal of this project is to design and develop a smart shunt 

system that provides accurate feedback of CSF flow rate and monitor shunt 

functionality in real time and in a non-invasive manner. To do this, our team 

created an implantable optical sensor component which can collect, direct, 

and transmit inputted, transdermal light, with the aim of detecting the CSF 

flow rate. Along with the optical tract, an external aligner has been conceived 

and designed to align the detecting sensor (camera) and input light (laser) 

with the internal components. In addition, an Android App was developed to 

work with processing and analyzing the collected data. In addition, this 

system is expected to have a steady and precise performance under various 

situations while still providing an adequate level of comfort to the patient. 

Thus, the ultimate goal of this system is to provide a more accessible and 

affordable method of detecting ventriculoperitoneal shunt failure without the 

need for expensive surgery or standard examinations, like an MRI or CT 

scan. 

 
Left to right: Caitlin Eaton-Robb, Garrett Soler, 
Benjamin Billings, Qingyu Guo 
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Osteoarthritis is a condition involving the breakdown of the 
cartilage in joints, causing pain. This condition affects an estimated 
31 million people in the U.S., according to the Arthritis Foundation. 
Since cartilage is avascular, it does not heal well and is difficult to 
repair once injured. Research is being conducted to find new ways 
to treat osteoarthritis and other injuries and diseases involving 
cartilage, but there are some obstacles. These include the time-
consuming and tedious process of changing media in cell culture 
wells and the lack of similarity between current cartilage cell 
culture methods and the environment inside the body. Currently, 
researchers must change the media in each well by hand every 
day or two, which wastes time and money and limits the number of 
cells in an experiment. Also, it is not currently possible to apply 
mechanical loading to cells in culture, which is a key factor in 
mimicking the environment inside the body. 
 
This design addresses each of these problems. The prototype 
consists of a small plate containing six wells connected to each 
other by channels. The plate is connected via tubing to a fluid 
pump system. A researcher would be able to connect the system 
to a container of new cell culture media and a container for waste 
media and press a button to exchange the media in all of the cells 
simultaneously, or even schedule a media exchange in advance. 
This allows the researcher to spend more time on tasks that 
require more thought and skill. As for mechanical loading, the 
design will implement hydrostatic force. The wells are made of a 
flexible material, PDMS, and so with another set of channels 
running alongside the wells, hydrostatic force could be applied 
using any fluid without endangering the sterility of the wells by 
pressurizing the second set of channels with a fluid and allowing 
the pressure to compress the wells. 
 
Furthermore, this design can be tailored to the needs of the 
experiment at hand. In the molding process of the PDMS wells, 
there is the option to use different stamps to change the shape, 
size, and number of wells in the device. This allows for the culture 
of cells in many different forms, including scaffolds and 3-D 
spheroids. 
 

 
Team 13: Meagan Hunter, Stephanie Cherry, and 
Charles Wright  
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Orthopedic implants used in the surgical stabilization of bone 

fractures have traditionally been metallic devices. While these 

materials provide the mechanical support necessary for 

stabilization, their permanent presence in the body can be harmful 

after bone recovery, causing complications such as pain, the 

release of harmful toxins and stress shielding. The follow-up 

surgery required to remove these implants significantly increases 

use of medical resources and healthcare expenses. Due to this 

dilemma, in recent years there has been an emphasis on the 

usage of biodegradable biomaterials as orthopedic implants for 

bone fractures. Biodegradable biomaterials avoid the need for 

removal due to their self-degrading properties, and have the 

potential to be more compatible in the physiological environment. 

Furthermore, native tissues are able to regrow as the biomaterial 

degrades. Challenges in the novel use of biomaterial implants 

therefore include controlling degradation rates, improving 

biocompatibility, and providing necessary mechanical support. 

 

The purpose of this project is to characterize a novel 

polysaccharide-based material and compare it to currently 

researched biomaterials implemented in orthopedic fixation. The 

material of interest produces physiologically harmless byproducts 

during degradation, overcoming a major obstacle in biodegradable 

implants. With controlled degradation, an orthopedic fixation device 

based on the material of interest could be gradually replaced by 

healing native tissue, ensuring recovery of natural bone and 

avoiding removal surgery. Degradation studies were performed to 

measure rates for several different formulations of the material of 

interest at physiological as well as elevated temperatures.  

 

Another aspect of characterization involves analyzing mechanical 

properties of the novel material. An orthopedic fixation device 

requires mechanical properties capable of stabilizing the bone 

fracture. Assessing these properties across various testing 

methods and comparing them to other researched and marketed 

materials outlines the novel material’s mechanical capability.  

 

In summary, characterization of our biomaterial represents the first 

step in the utilization of Kumbar Lab’s polysaccharide-based 

biomaterial for orthopedic uses. 

 

Biomaterial Polymeric Devices 

for Orthopedic Fixation 

TEAM: 14 
SPONSOR: Kumbar Labs, UCH 

ADVISOR: Dr. Sangamesh G. Kumbar  
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Optical Micrographs of (A) non-porous polysaccharide 
block and (B) plates fabricated from putty 
 

 

A polysaccharide rod, which will be threaded to 
become a bone screw 
 

 

From left: Chris, Rares, and Rohit 
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Cosmetic and pharmaceutical companies comprise two of the most 

globally prominent industries. In order to be marketable, however, they 

must follow strict regulatory procedures that require thorough testing to 

prove the safety and efficacy of their products, which includes animal 

testing. Due to subsequent ethical and economical concerns, there is a 

rising need for alternative evaluation methods to reduce the dependency 

on animals, while increasing the accuracy of results.  

 

Alternative testing methods include commercially available 3D skin 

models such as Epiderm®, Episkin®, and SkinEthic®. These products 

mimic the in vivo biological and toxicological effects upon product 

application. They are strictly epidermal-equivalents, which lack important 

structural and functional aspects such as the invagination of the 

epidermal-dermal junction and the strength and hydrophilicity of the 

stratum corneum. Since many products penetrate the skin deeper than 

the epidermis, a more accurate, bi-layered model is needed. Another 

key concept to consider is tribiology, the study of wear and frictional 

properties of two interacting surfaces in relative motion. An optimal skin 

model would mimic the stratum corneum’s characteristics to allow for the 

study of tribiological properties such as changes in the 

microenvironment and mechanical properties following product 

application. 

 

Unilever, a major contender of the skin care product market, is 

interested in a collaborative effort with UConn Health’s Kumbar Lab, to 

develop a solution that incorporates all these critical properties. The 

ultimate goal is to develop an engineered dynamic human skin model 

that mimics the mechanical properties, hydrophilicity, and cellularity of 

natural skin. The preliminary approach is to develop a functional bilayer 

consisting of two individual polymeric compositions that mirror the 

natural junction between the dermis and epidermis and support cell 

proliferation. Each formulation is tested and thoroughly characterized to 

ensure that their performance values align with natural skin performance 

values. The product was characterized for mechanical properties 

(tensile), morphology (SEM/AFM), thermal stability (DSC/TGA) and 

fibroblast/keratinocyte viability and maintenance in vitro.     

 

The current model provides the groundwork for further optimization in 

the Kumbar laboratory. Once the prototype is successfully 

characterized, Unilever will test the prototype at their facility to provide 

product validation. The success of this living skin model will initiate a 

revolutionary change in commercial product testing.  

 

 

Team 15: Ryan Cordier, Skylar Buswell, Naseem 
Sardashti, Sana Suhail (Left to Right) 

 

Engineered Semi-Synthetic Hybrid 
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Fig. 1: Key skin components to be mimicked by model 
 

 

Fig. 2: Microscopic cross-sectional image of cured model 
 

 

Fig. 3: Models in preparation for cell culture 
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Implantable microelectrode systems are used to treat a variety of 

diseases and disorders in the nervous system, including hearing loss. 

There are 48 million Americans that have significant hearing loss. The 

auditory nerve in the inner ear is responsible for transmitting sound to 

the auditory centers in the brain and when it is damaged, there can be 

sensorineural hearing loss. When the auditory�nerve is damaged, a 

cochlear implant cannot work; therefore the ventral cochlear nucleus 

needs to be stimulated�instead using an array. In this lab, the brain is 

stimulated using an array containing silicon shanks with micro-

stimulating electrodes. The shanks are coated with Parylene C to 

increase both biocompatibility and the longevity of the device. The 

Parylene C then has to be precisely etched off the thin-gold stimulating 

microelectrode to allow the neurons to be connected to electronic 

circuitry in order for the stimulus to travel to the target site. This needs to 

be done without damaging the gold underneath on the micron scale.  

A system to etch Parylene C was previously created using a laser�fed 

through the objective lens of a microscope above a motorized�stage. 

The project is to develop a Parylene C etching ultraviolet laser that 

is�both safer and more versatile. In order to improve upon the previous 

system, the optics, precision, stage control, and software user 

interface�will be improved. A motorized stage that automatically moves 

the sample on the micron scale based on selection will be implemented. 

The laser system will be safer since closed optics will be used rather 

than open optics. The design will also promote more versatility by 

including a microdissection application and interchangeable parts, like a 

laser for different wavelengths, the dichroic mirror, and more. The 

purpose of the microdissection portion of the project is to analyze the 

effect of the electrode on the neural tissue. Parts of the tissue both close 

to where the electrode was placed and far from the electrode will be cut 

out with the laser system, analyzed, and compared to determine the 

health of the tissue and neurons. The applications of Parylene C etching 

and microdissection for the project’s design will ensure efficiency and 

safety of the implantable neurotechnology.  
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19

Cartilage tissue is a type of connective tissue composed of 
chondrocytes and extracellular matrix (ECM). The organization of 
the ECM dictates structure and function. , One specific type, 
articular cartilage, is commonly found at bone articulations in the 
body. Joint mechanics are dependent on articular cartilage to 
facilitate joint compression and reduce joint friction. Proteoglycan 
(PG), a large complex molecule in the ECM, is one of the most 
important components for proper joint mechanics, and contributes 
to the compressive strength and joint function of articular cartilage. 
Many degenerative joint diseases have been linked to the 
concentration of PGs in the ECM of cartilage tissue. (Mow 2005). 
  
The development of an improved impact device is motivated by the 
study of cartilage tissue and its relation to degenerative diseases 
such as osteoarthritis. Osteoarthritis is a chronic condition of the 
joints where the tissue padding at bone articulations deteriorates. 
The loss of this articulating tissue causes immense pain and is 
debilitating over time. Research by IM Labs mainly focuses on 
articular cartilage including how it behaves during mechanical 
loading and the amount of loading necessary to generate 
permanent deformations in the tissue. Impact testing on cartilage 
samples contributes to the study of how deformities in cartilage 
occur. 
 
Our objective is to create a highly accurate and portable single-
impact device applied to small cartilage samples. The device must 
be able to record and export relevant impact measurements of 
force and accelerometer data for further analysis. This new system 
must improve upon the system already in place in the 
Interdisciplinary Laboratory. The essential features of the device 
must include elimination of the bouncing that occurs when the 
weight is dropped on the sample, accurate height adjustment of 
the distance between sample and impact mass, and overall 
portability of the device for ease of travel and assembly. 
 

 

 

 

 

 

 
From left to right: Caitlyn Mundrane, Kavyasree 

Katugam, Duna Sami, Gina DiGiacomo 
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Brien Hendricks, Ryan Vitko, Ammar Ilyas, Zachary 
Kuvalanka, Caitlyn Covella 

 
  

 

 

The knee is a very complex joint that, when healthy, allows 

a person to walk, run, and jump without experiencing discomfort. 

Unfortunately, the complexity of the joint also means that the knee 

is a common location for injury. By one estimate, between the 

years 1999 and 2008, emergency departments evaluated over 6.6 

million people who had injured their knee, with 42.1% of the total 

being strains and sprains. Statistics show young athletes are the 

group most at risk for knee injury. Two particular types of knee 

injury are of interest for this project: anterior cruciate ligament 

(ACL) tears and patellofemoral pain syndrome (PFPS). While ACL 

tears are acute injuries often requiring surgical intervention, PFPS 

is a chronic condition characterized by anterior knee pain. 
The purpose of this project is to determine a way to 

consistently distinguish between people with healthy knees and 

those with knee injuries, particularly ACL injuries and 

patellofemoral pain syndrome. This information could be used to 

predict whether a person has a knee injury or identify a person’s 

future risk of knee osteoarthritis, since having knee injuries greatly 

increases the risk of developing osteoarthritis. To do this, we intend 

to find the particular joint angles, muscle forces, and joint reaction 

forces that are reliably altered in those with injured knees. 
            A study was designed, involving healthy individuals and 

people with knee injuries performing tasks like walking and 

running. Data collection for the lower extremities involves markers 

at 56 anatomical landmarks including the hip, knee and ankle 

joints. These allow for the motion capture cameras to track 

movement. Vicon Nexus software is used to collect the data and 

after conversion in MATLAB the information can be analyzed using 

OpenSim software. Using a scaled model in OpenSim, inverse 

kinematics calculates joint angles, static optimization determines 

muscle forces, and joint reaction analyses show the forces at the 

hip, knee, and ankle. Combined with ground reaction force data 

from an instrumented treadmill and muscle activity data from an 

electromyography (EMG) system, this information will be used to 

find trends in the data and determine which parameters are the 

best indicators of knee injury. 
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Despite how common alcohol use is in society, it remains one of 
the leading causes of preventable death in the United States. 
Many institutions and organizations have made attempts to 
decrease the prevalence of alcohol related deaths and incidents. 
Unfortunately, the majority of these programs have done little to 
improve the overall status of alcohol education. One of the major 
reasons for the lack of success is the fact that these programs are 
not social or interactive. Our device combats this by providing an 
approachable and socially acceptable way for users to keep track 
of their blood alcohol content (BAC) as well as reflect on their 
alcohol intake through a companion phone application. With a 
breathalyzer attachment for an Android smartphone, users do not 
have to worry about remembering to bring the device out with them 
during a night of drinking. The breathalyzer attaches directly to any 
phone case and can plug in to the charging port of the user’s 
phone. There is also a discreet straw attachment which the user 
blows into throughout the night to track their BAC.  
 
 
In addition, the device is accompanied by a smartphone app. The 
application, currently compatible with all Android devices, prompts 
the user to track their BAC throughout a night of drinking and 
allows users to input the type of drink they are consuming. 
Furthermore, the application also contains safety features such as 
sending a text to a pre-identified person by a user to come check 
on them in case the user’s BAC reaches a dangerous level. By 
having the ability to review the data via the app the following 
morning, or any time in the future, the user has personalized data 
showing how exactly they respond to different types and amounts 
of drinks. The app also includes a feature so that users are able to 
track their drinking habits overtime through a calendar feature. Our 
goal through creating this device and designing the companion app 
was to provide an enjoyable and interactive form of alcohol 
education. Currently, most colleges provide a one-time lecture that 
lasts about an hour on alcohol and its effects. We believe that an 
interactive approach where users can view and track their drinking 
habits will prove to be more successful than the traditional lecture, 
due to its personalized nature.  
 

 

 
Team 19: Ryan Cunniff, Amisha Dave, Sarah 
Knapp, Divya Bana, and Matthew LeClair (Left to 
right).  
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Approximately 17 million people in the world are affected 

by cerebral palsy, a neurological disorder that inhibits motor control 

and movement skills1. Current rehabilitative treatments include 

surgery, medications, and physical therapy. However, these 

options are often inexpensive, inconvenient, or ineffective at 

providing muscular spasticity relief. Therefore, there is a high 

demand for a low-cost rehabilitative solution for patients with 

spastic cerebral palsy. 

The goal of this study is to design, develop, and implement 

an innovative hand brace utilizing vibrational stimuli in order to 

promote muscular strength and regeneration. The hand brace will 

aim to improve the daily lives in patients with reduced grip strength 

and wrist-flexion control. Vibrational therapy has been proven 

effective in decreasing spasticity and improving gross motor 

function when applied to the whole-body2. Therefore, the brace is 

designed to implement this therapeutic method and apply 

vibrations to four localized muscles. 

The electrical circuit components are imbedded between 

non-conductive tricot materials within the brace. The components 

consist of 1 x Arduino Lilypad Microcontroller, 1 x Lilypad Power 

Board, 1 x Lithium Ion Polymer Battery, 4 x Lilypad Vibe Boards, 

and conductive thread. The vibrational motors on the Lilypad Vibe 

Boards have been replaced with Precision MicroDrives 310-004 

motors, in order to administer a frequency of 70 Hz and an 

amplitude of 0.2 g.  

Implementation of the designed therapeutic device 

involves patient participants to wear the brace for 18 minutes, 

twice a week. The results from the device are tested using Delsys 

Trigno Wireless EMG sensors to measure muscle activity before 

and after the applied vibrational stimuli. Muscle activity is 

generated when the participant squeezes an object, and also 

flexes their wrist onto a flat surface. To ensure only the four 

targeted muscles are being analyzed, the forearm is held steady in 

the designed testing support.  

Throughout a five week experiment, the data from each 

participant is recorded and analyzed. The results are expected to 

show a significant increase in muscular strength after the 

vibrational brace intervention, especially by the end of the study. 

Optimal results may be the gateway into a new era of utilizing 

vibrations as treatment for those suffering from muscle 

weaknesses and neuromuscular disorders.  

 

 
1. Cerebral Palsy Alliance. Facts about Cerebral Palsy. [Online]. 

2. NeuroRehabilitation. 2013;32(1):1-8. doi: 10.3233/NRE-130817. 
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The rapid adoption of minimally invasive surgical 

techniques has led to significant growth in the medical device field. 

Ever since the first laparoscopic appendectomy was performed in 

1983, devices like the Endo Stitch™, developed by Medtronic, 

have been produced to improve the suturing process. The current 

device, as depicted on the left, features a purely mechanical 

design. Performing a pass of the suture requires squeezing two 

handles and flipping a toggle switch. Repetition of this mechanical 

process over time is cumbersome and creates fatigue in the 

surgeon’s hand. As suturing devices become more sophisticated, 

battery-powered, motorized units are beginning to replace their 

mechanical counterparts. The design team, partnered with 

Medtronic, has developed a powered Endo Stitch™ to improve the 

suturing process. This novel laparoscopic suturing device replaces 

the need for the surgeon to perform cumbersome movements by 

utilizing a motorized design controlled by a simple trigger. The 

ergonomic design of the handle ensures that the surgeon can 

perform the procedure with ease. The goal of this project is to 

combine all given components onto a printed circuit board (PCB) 

that can be housed within the handle of the device. 

 

 The functional unit of this design consists of a system of 

motors that manipulate the needle of the Endo Stitch™ as 

intended by the surgeon. This motor system is controlled by a 

microcontroller receiving input from a combination of switches and 

sensors. The microcontroller is capable of processing information 

using Arduino code. The switches ensure that the needle transfer 

is only executed when the jaws are closed and the needle is 

secure. Sensors track motor positioning to prevent needle 

movement that could compromise patient safety. The motor 

system drives the opening and closing of the jaws as well as the 

transfer of the needle. Voltage regulators are utilized to ensure that 

the 9 V battery supply is distributed efficiently to power the sensors 

and microcontroller. A boost converter provides a step-up voltage 

to sustain the performance of the motors. In addition, the 

mechanical design of the handle was taken into account when 

designing the PCB to ensure compliance with the set constraints. 

This approach accomplishes the goal of minimizing hand fatigue 

by alleviating the mechanical burden of the surgeon. 

 

From left to right: Maissane Taroua, Ashish 
Mistry, Justin Bernardino, Matthew White 
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Annually, more than two million bone grafting procedures are 
performed worldwide in order to treat large bone defects caused by 
disease, trauma, or congenital anomalies. Bone allografts, which 
are bone grafts harvested from a donor, have been uniformly 
coated with a polymer solution infused with growth factors in order 
to promote bone growth and cell adhesion around the allograft. 
Currently, there are different techniques used to coat allografts, 
including dipping the graft into a polymer solution. After dipping, 
the allografts are hung to dry, which leads to a non-homogeneous 
coating with heavy polymer deposition on the bottom of the grafts 
and very thin deposition on the top. Ideally, the graft should have a 
uniform polymer coating, as a non-uniform coating may result in an 
uneven distribution of growth factors, which may lead to 
unpredictable bone growth in any given area. To avoid this issue, 
other coating techniques can be applied, such as manually flipping 
the graft back and forth after dipping it in the polymer solution, until 
the coating dries evenly. While manually rotating the graft helps to 
evenly coat it, this process is not ideal as it is time consuming and 
may not lend itself to scale-up. To facilitate a better coating 
process, one can envision a device in which the user can simply 
press a button and the allograft can be automatically coated with 
the polymer solution and then left to dry in a uniform manner. 
 
In this project, the goal is to create a simple mechanical system 
that will allow a bone allograft to be rotated along three principal 
axes while a polymer solution is sprayed on the allograft, until a 
uniform coating is achieved. The device is intended to be utilized 
for coating of both cortical and trabecular bone, as well as grafts of 
varying dimensions. Furthermore, the device can be easily 
disassembled to allow the researcher to completely clean the 
device, as polymer build-up may occur. The fabricated device is 
rotated by a motor controlled by Arduino code that alters the 
device’s movement to allow for rotation along three principal axes. 
This motion will allow for the allograft to be evenly coated. 
Characterization of the polymeric coating and its uniform 
deposition can be established through the use of MicroCT. 
 
 

 

 

 
Back: Jeffrey Costa, Ryan Betz, Marissa Amichetti 
Front: Julia Dugas, Rima Viradia 
 

 

 

 

Polymer coating process for 
cortical and trabecular bone 
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In the construction workplace, employees perform repetitive 
movements, lift heavy objects, and work extended hours in 
awkward positions. As a result of this daily routine, employees are 
often prone to workplace injury, musculoskeletal disorders, and 
mental fatigue. Fatigue related injuries cost US employers $136.4 
billion per year in health related lost productive time1. This type of 
injuries could be prevented with the implementation of a device that 
warns workers prior to the onset of fatigue. 
 
Our client, Travelers Risk Control, provides its customers with 
innovative and cost-effective risk management products and 
services. The primary motivation for this senior design project is to 
reduce the risk of workplace related injuries and accidents caused 
by fatigue in the construction workplace. In order to do this, 
biosensors are incorporated into wearable technology to non-
invasively detect and interpret physiological and cognitive fatigue.  
 
The overall system consists of three subsystems that are used to 
accurately acquire raw biosignals from the sensors regarding the 
user’s current state. The system includes a headband to measure 
cognitive fatigue, a compression shirt to measure physiological 
fatigue, and a safety vest to measure environmental factors and act 
as an alert and notification system. Each of the components were 
designed with user comfort and adoption in mind. 
  
The headband uses electroencephalography (EEG) to detect brain 
waves associated with fatigue. The compression shirt incorporates 
temperature sensors, surface electromyography (EMG) sensors, 
and a heart rate monitor to detect changes in temperature, muscle 
signals, and heart rate variability. Lastly, the safety vest, with tri-
colored LED lights running down the reflective strips, is 
incorporated to alert construction workers and supervisors when a 
worker is fatigued. Each of the signals detected by the sensors are 
processed locally and connected to a central processing unit that 
intakes and analyzes all of the signals. The combination of all three 
designs into one allows for the optimization of user comfort and 
consolidation of microcontrollers and sensors.  
 
1 J.A. Ricci, E. Chee, A.L. Lorandeau, and J. Berger, “Fatigue in the US 
workforce: prevalence and implications for lost productive work time,”  J. 
Occup. Environ. Med., vol. 49, January 2007. 
 

 

   

 

Wearable technology to 
noninvasively measure cognitive 
and physiological fatigue 
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From left to right: Alyssa Tacchi, Shasha Graves, 
and Charmi Patel 
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Mark Soraluz, Steven Kowelenko, Simran Kaur, 
Jeremy Ancheril, Kyle Hoffman  

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Sit-to-Stand 

Rehabilitation Device 

 
 

Osteoarthritis is a joint disease that currently affects nearly 

27 million Americans. This common form of arthritis is largely 

represented by chronic knee pain which can lead to replacement 

surgery. For those affected by osteoarthritis, the movement of 

sitting to standing applies a critical load on the knees which leads 

to cartilage loss in the knee joint over time. The Sit-to-Stand (STS) 

rehabilitation device aims to aid patients in achieving the standing 

motion with less stress on the lower extremities, and provide 

rehabilitative effects on these lower extremities. The device utilizes 

a motor and scissor lift to bring users to the standing position with 

optimal stability and reduced force on the knees. The angle and 

comfortable movement of seat can be set in order to customize the 

device for the user’s height and physical build, and the angle can 

be adjusted if being used for rehabilitation purposes to strengthen 

the target lower extremities over time. 

The primary component of the device is the scissor lift, 

which aims in achieving vertical movement of the platform to lift the 

individual using the device. Activation of the motor leads to forward 

translation along the y-direction which enables the scissor 

mechanism to begin elevating the platform seat. The protective 

accordion siding allows no interaction between the users and the 

interior mechanisms while operating the device. For calibrated 

elevation, there is a unique slot and pin system, which sets a 

highly adjustable final angle for the platform. These angles were 

carefully identified using AnyBody Technology and Delsys 

EMGWorks software. This is done by allowing insertion of the pin 

into the appropriate slot with respect to the patient’s anthropometry 

during extension. This allows the device to be adjusted easily for a 

variety of different heights, weights, and medical conditions that 

the patients may have. Not only does the device operate in general 

assistance for paralytic individuals but due to this innovative and 

variable system, users can alter the seat’s final angle according to 

their rehabilitative progress to ensure an increase in strength and 

ability in the lower extremity joints and muscles. In addition, some 

features include a wireless control application and a cushioned 

seat to provide extra comfort. The wireless control application 

utilizes Android Studio, Arduino and Bluetooth® pairing in order to 

connect wirelessly to an Android device. The application will send 

signals to the motor to activate the device and move upward and 

downward at two varying speeds.  

 

TEAM: 24 
SPONSOR: GP Musculoskeletal System Modeling Lab 
ADVISOR: Dr. Krystyna Gielo-Perczak 
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Digital Filter Results 

PSpice Schematic 
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SPONSOR: UCONN Health 
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     Dr. L. John Greenfield, Jr. 
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Sydney Smith-Romanski, William Clair, Luke Laboe 
(Not Photographed: Kat Playter, Ryan Gadea) 

The goal of this project is to design a device which monitors and 

manages the user’s stress levels in order to lessen the occurrence 

of stress-induced seizures. The device monitors the user’s stress 

levels through the implementation of electrode sensors, which in 

combination with analog amplifiers and analog-to-digital converters, 

measure and compute the power densities of alpha and beta brain 

waves. The production of alpha EEG activity indicates a quiet alert 

state, which is desired in order to reduce stress. The EEG signals 

are collected by two channels of electrodes, including a ground 

electrode, and are transmitted to an analog filtering system which 

amplifies and filters the signal in order to collect alpha values in the 

8 – 13 Hz range. The ADC digitizes this signal, which is transferred 

to the Arduino microcontroller. The microcontroller computes the 

desired alpha and beta power densities, and uses Bluetooth in 

order to pair and send the collected values to an Android mobile 

phone application. 
 
The Android mobile phone application allows the user to manage 

his/her stress levels. The alpha and beta power densities are used 

as input values in a neurotherapeutic game experience, which 

rewards continued participation and the production of alpha values 

in the 8-13 Hz range. The user’s performance is tracked for 

improvement of alpha production and assessment of anxiety levels. 

The game experience provides positive feedback to the user, such 

as a car moving forward in a race, when his/her alpha values are in 

the correct range, and encouragement when they are not. In this 

way, biofeedback is used to show the user how his/her alpha 

brainwaves are behaving and how to control them with practice 

through the neurotherapeutic game. The long-term goal of this 

biofeedback system is that the user will be able to exercise control 

over his/her brain waves in everyday life, in order to remain in a 

relaxed and unstressed state of mind. 
 
The architecture of the mobile application is coded in Android 

Studio using Java and XML. The analog circuitry is modeled in 

PSPICE and the PCB fabrication ordered through UCONN. 

MATLAB Simulink code is used to create a digital filter, which 

further refines the analogically filtered signal. The digital filter 

response has been tested to ensure appropriate bandwidth and 

tolerances. 
 

EEG-Based Biofeedback 
System 

 



28

The major goal of the Read Lab of Sensory Neuroscience and 

Perception is to examine the neurobiology of sound perception at 

the single neuron, neural network and behavioral levels.  In 

addition to developing comprehensive theories for how biological 

systems perceive sounds including social communications, we aim 

to develop new strategies for speech recognition, prosthetic 

hearing devices, and diagnostic tools for identifying central 

auditory processing disorders. 

 

A unique take on the Senior Design project, my goal is to build a 

fully automated animal-computer interface for training animals to 

discriminate various sound statistics in a two-alternative forced 

choice (2AFC) paradigm. The setup is a user-friendly, efficient, and 

robust mechanism for recording and observing rat behavior. With a 

simple user interface, an operator can perform an incremental, 

multi-phasic training approach with minimal human error and 

seamless data recording and storage. 

 

Our system will include hardware within the animal boxes (photo-

diodes, nose pokes, lights, and speakers), reward syringe pumps, 

a Bpod (modified Arduino) circuit to handle transistor-transistor 

logic (TTL) signals, light and speaker output, and a Windows 

workstation with custom MATLAB and OpenEx software to monitor 

and update conditional state controlling behavior. Custom 

MATLAB programs will be written to summarize behavioral 

performance in the fully automated training system.  All actions 

made by the animal (i.e., poke in one of three nose pokes) will be 

tallied and when action is appropriate for a given control state this 

will be tallied as a trial initiation or considered a correct choice. 

 

The goal here is all about consistency; after all, we are automating 

a behavioral paradigm to diminish human error and increase 

fidelity of our data. A successful build will have control over all of 

the following parameters, with the option of modifying as 

necessary: sound level (dB), reward volume (µl), LED light 

intensity (cd), and LED light duration (s). Power spectral analysis 

will be done on the sound stimuli to test their consistency. All of the 

former pieces of data confirm that our system is working as 

intended. Most important is the quantifiable state data stored by 

the Bpod Arduino. From this data, we analyze the performance of 

the rats, and therefore determine when we can transition from one 

phase to another, and collect publishable data. 

 Timothy Nolan (center), alongside Read Lab 
Undergraduate Leads Sharon Cherian (left) and 
Caitlyn Cody (right). Missing: Dr. Heather Read 
and Undergraduate Lead Mackenzie Zapata 
 

 

Development of a Fully Automated 
Behavioral Training and High-
Precision Pulse Delivery System 
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ACL injury and Patellar Femoral Pain (PFP) are conditions 

that affect tens, if not hundreds of thousands of Americans every 

year. These injuries are often unpredictable and bring about a 

sudden and painful end to an athlete's season and in some cases 

career. Although modern surgical intervention has the capability of 

improving this condition and enhancing one's motion, the recovery 

is often a long process that results in less than optimal results. This 

project will focus on understanding certain aspects of an 

individual's gait, and using this data to form conclusions about how 

that information relates back to those at risk for, or currently 

suffering from ACL injury or PFP. 

The data acquired in this experiment will be obtained using 

a Vicon Force Platform Treadmill, equipped with variable speed 

controls for the left and right leg. Additionally, a 3-D Vicon Motion 

Capture System will be used in order to provide data that can be 

used for kinematic analysis. The first phase of this study is to verify 

the test method by performing pilot testing. During this phase of 

testing, a subject will be equipped with reflective markers, located 

on critical points about the body, and will go through a series of 

walking and running trials, with variables including the addition of a 

weighted vest, as well as variable speeds for both legs, to provide 

information as to the adjustments one’s body must make under 

stress. The information gathered from these trials will then be 

formatted for analyses using OpenSim software, with which the 

subject’s movement, muscle exertion, and joint loading forces can 

be examined using simulation tools.  

The final phase of this project is to gather 10 subjects who 

have never experienced lower extremity injury, and 10 subjects 

who have torn their ACL between one and two years ago. These 

subjects will partake in a series of tests, during which information 

will be gathered regarding the way the subject compensates for 

additional weight, differential walking speeds, and jogging. This 

data will then be compiled for all subjects, with the hope of 

relationships being found in the inverse kinematic, muscle force, 

and joint loading force data sets for all tested individuals.  

With the information collected, the hope is that 

advancements can be made as to gait optimization of previously 

injured individuals, in hopes to reduce their joint loading forces and 

decrease chances of complications over time. Additionally, in 

understanding differences between the two study subjects, 

advancements could be made by way of preventative technology, 

potentially benefiting members of the military, athletes, the elderly, 

and those at increased risk for high joint loading forces and injury.  

 
 
 
 

  

Clark Bjorn (top left), Audrey Gallo (top right),  
Gregg Carrara (bottom left), Walter Esker (bottom right)  
 

Upper Extremity Movement as it 
Relates to ACL and PFP Injury 
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To control the salinity and solute concentrations of the water in the 
Central Utilities Plant (CUP), this project seeks to implement a 
hybrid Forward Osmosis/Reverse Osmosis system in tandem with 
the university's existing system. The CUP, a vital part of the 
university's current power system, uses boiling and cooling towers 
to heat and cool the university's campus. Moreover, the 
Cogeneration Plant inside this structure uses wastewater to 
generate electricity, which is used to power the academic and 
residential buildings. The system uses a water softening agent and 
a reverse osmosis system to further pretreat the water used in the 
towers to prevent fouling and to increase the lifespan of the 
equipment.   

 
This proposed design removes water softening from the 
pretreatment phase and replaces it with a forward osmosis hybrid 
system.  Ion exchange, which serves as the current RO 
pretreatment method, creates a high-salinity flow into the system, 
which causes the reject flow of the RO system to add to solute 
buildup in the pipes. To prevent this, the design aims to removes 
water softening from pretreatment and replaces it with a forward 
osmosis hybrid system.  This hybrid FO/RO system is a strong 
candidate process to prevent fouling while also increasing water 
quality. The FO step will help remove the foulants as well as treat 
the concentrated brine from the softeners before reaching the RO 
system, allowing the RO unit to function at its optimal state.   

 
As the project progresses, the team looks to weigh the economic 
and energy efficiency of the current system against the proposed 
system.  ROSA, a software created by DOW Filmtec, can be used 
to conduct water analyses of reverse osmosis, which can be used 
to compare the standalone RO system with the proposed FO/RO 
system. Using the model from ROSA and technical information 
from the Central Utilities Plant, it is possible to form a cost analysis 
and determine if the proposed forward osmosis addition is feasible.   

 
 

 

 
 

 
 
 
 

 
 

Team 1: Tiffany Hsu, Henry Jin, Kristen Mandigo, 
Morgan Trefny 

 
 
 
 

Implementing a Hybrid Forward 
Osmosis System to Soften 

UConn’s Reclaimed Wastewater 

TEAM: 1 
ADVISOR: Prof. Jeffrey McCutcheon 
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Mars colonization has recently become a possibility due to major 
improvements in computing power and retro-rocket technology, 
most notably with the development of the SpaceX Falcon Heavy 
Rocket. The Falcon Heavy is the best option for reaching Mars due 
to its high payload. Weight is money when dealing with space, and 
the most optimal payload and path is an essential consideration. 
Mars is an inhospitable environment, with a low pressure 
atmosphere comprised almost entirely of carbon dioxide, toxic soil, 
and no easily accessible water or fuel. Colonization requires 
utilization of every available resource the hostile Martian 
environment provides.  
 
Our mission is to create a sustainable colony on Mars which 
optimizes the use of obtainable raw materials and to assess whether 
the colony is viable functionally, economically, and environmentally.  
 
The basic requirements for human life are water, food, and oxygen. 
To produce all three, the most critical resource is hydrogen, which 
is extremely scarce on Mars. This means a substantial amount of 
hydrogen will need to be transported from Earth for a colony to 
survive. Using hydrogen and atmospheric carbon dioxide, water and 
methane will be produced through the Sabatier process. This source 
of potable water is then utilized to hydrate plants, colonists, and 
leach perchlorates from the Martian soil. With the treated Martial 
soil, growing and maintaining plant life for colonists’ consumption 
becomes an option. Oxygen produced from the greenhouse can 
then be utilized to provide a breathable atmosphere inside the 
colony. Oxygen is also produced through the MOXIE device, which 
utilizes solid oxide electrolysis of carbon dioxide to produce 
breathable oxygen and carbon monoxide. The MOXIE device is 
limited by its power draw. Power will be generated through 
thermoelectric generators, solar panels, and nuclear power.  
 
The colony will be designed around a fifty colonist basis. Their diet 
will consist of Martian grown produce and dietary supplements from 
Earth. The colonists will be made up of doctors, engineers, 
botanists, biologists, and technicians. They will be responsible for 
the maintenance of the colony and all its critical systems to provide 
the best chance for mission success. 

 From left to right: Hugh Sichel, Michael Curran, 
Anthony Partyka, Joshua Tattersall 

 
 
 
 

Creating a Sustainable Colony on 
Mars 
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ADVISOR: Prof. Daniel Burkey 
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SpaceX Falcon Heavy Rocket (SpaceX) 

Prototype Sabatier Reactor (NASA) 

MOXIE Device (NASA) 

Concept Martian Colony Design 
(Bryan Versteeg/Spacehabs.com) 
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Creating a low cost, energy efficient process that is able to 
produce a reasonable amount of purified water from a non-potable 
source is a continuing challenge that we face today. The most 
commonly used technologies for the desalination of water are 
reverse osmosis and column distillation. Reverse osmosis is 
capable of filtering an aqueous solution such as seawater by 
applying a hydraulic pressure difference across a semi permeable 
membrane. Distillation involves heating the solution and condensing 
the steam to form purified water. In parts of the world where ready 
access to clean water is inadequate, these commercial methods are 
not tenable due to prohibitive capital equipment costs and limited 
access to electricity. Recently, new methods of water purification 
utilizing solar enabled gold nanoparticles (GNPs) have proven 
capable of purifying briny water through steam distillation. Metallic 
nanoparticles absorb solar energy to induce localized boiling without 
the energy-intensive bulk heating of fluid. 
 The goal of the project is to explore the effectiveness of 
GNPs under simulated conditions and to design a solar still that 
incorporates the novel steam generating properties of GNPs. Solar 
stills are used widely in arid regions, with the most efficient units 
covering 5 square feet and producing around 5 liters of clean water 
per day. Optimized stills typically operate at a maximum efficiency 
of around 50%. With the addition of GNPs, we hope to increase 
thermal efficiency by another 20%. The design is two-fold: a 
membranous inner container to retain GNPs, situated inside the 
solar still housing unit. Membranes used must be transparent, 
allowing the transmission of incident light to excite the GNPs, and 
have proper pore size to allow water vapor to pass through while 
retaining the GNPs. The solar still housing device allows the user to 
deposit brackish water, which passes into the membrane containing 
GNPs. A Fresnel lens is placed at an angle one focal length apart 
from the GNPs, and is used to focus sunlight intensely onto the 
particles to enhance their novel effect. Purified water vapor 
condenses along an inclined top glass panel and traces down along 
panel seams into a collection container. This design hopes to 
demonstrate a higher water yield in the combined GNP-solar still 
system compared to current state of the art configurations.  

 
Left to right: Robert Ernst, John Mantese, Evan 
Augustine, Emily Chan. 
 
 
 
 

Gold Nanoparticle Teabag for Off-
Grid Water Purification 

TEAM: 3 
ADVISORS: Prof. Jeffrey McCutcheon, 
                     Prof. Brian Willis 
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Fig 1: Solar Radiation causes localized 
boiling around metal nanoparticles, 
vaporizing nearby water and forming a 
vapor bubble. 
device 

Fig 2: An optically 
transparent, water-
permeable membrane 
will be used to 
enclose gold 
nanoparticles. 
 

Fig 3: Micro 
bubbles can be 
seen forming in 
a solution of gold 
nanoparticles 
exposed to solar 
energy. 
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This project aims to improve diabetic patients’ lifestyle and quality of 
care by allowing them to forecast how exercise is affecting their body, 
and make any adjustments if necessary. Diabetes is one of the most 
rapidly spreading diseases, affecting approximately 371 million people 
worldwide. Type 1 diabetics do not produce their own insulin, so they 
have to receive it exogenously. To stabilize their blood sugar and 
insulin levels, patients must monitor the amount of carbohydrates they 
consume and their level of physical activity. Our team has designed a 
physiological model for type 1 diabetics which has the ability to predict 
one’s blood glucose, insulin, and threshold exercise level as a function 
of time based on the individuals exercise intensity. 
 
By quantifying exercise intensity, we designed a system that monitors 
glucose levels as the user exercises, warns the user if their glucose 
level is predicted to drop to an unsafe level, and adjusts insulin delivery 
accordingly. Figure 1 shows the system schematic. The design 
incorporates an insulin pump, chest sensor, and phone application. 
The sensor determines oxygen consumption and transfers that value 
via Bluetooth to the application. The phone application has an 
algorithm that predicts how the body is responding to exercise based 
on the oxygen consumption. The user inputs their carbohydrate 
consumption to account for glucose intake. The system will inform the 
pump how much insulin is needed and the pump will deliver the 
recommended dose. Figures 2 and 3 show the insulin and glucose 
dynamics in response to moderate exercise for 100 minutes with a 50-
minute recovery. Physical activity simultaneously promotes a drop in 
plasma insulin concentration from its basal level and amplifies glucose 
uptake.  When the user’s glucose levels start to deviate from the 
normoglycemic range of 70-120mg/dl the user is warned so they don't 
become hypo- or hyperglycemic. Once exercise stops, the blood 
glucose level and insulin concentrations return back to their basal 
levels as shown in the graphs. The application of this model would be 
a non-invasive way for type 1 diabetics to monitor their glucose and 
insulin levels as they exercise. 
 

 
From Left to Right: Christopher Eanniello, Kealy 
Walters, Gina Ducati, Conor Glettenberg  
 
 
 
 

Development of an Exercise 
Module for the Artificial Pancreas 

TEAM: 4 
ADVISOR: Prof. Brian Willis 
 
 

CHEMICAL & BIOMOLECULAR ENGINEERING 

Figure 1: System Schematic 
 
 
 
 

Figure 2: Dynamic Modeling of Exercise Effects 
on Insulin Level (PVO2max=60, exercise time 

=100 minutes, recovery time = 50 minutes)  
 
 
 
 
 
 
 
 

Figure 3: Dynamic Modeling of Exercise Effects 
on Glucose Level (PVO2max=60, exercise time 

=100 minutes, recovery time = 50 minutes)  
 
 
 
 



35

Carbon black is a solid material valued for its uses in producing 
pigments, batteries, resins, rubbers and more. Cabot produces carbon 
black via thermochemical conversion of the heavy bottom oil products 
of petroleum distillation. Carbon black is made up of at least 95% 
carbon, with much of the remaining 5% being impurities present in the 
feedstock oil, such as iron, asphaltenes, ash, and sulfur. These 
impurities greatly diminish the quality of the final product and can limit 
its effectiveness in its various applications. Currently at Cabot, 
impurities are removed after thermochemical conversion by magnetic 
separation from the final carbon black product. This method, however, 
only removes magnetic impurities.  
 
One promising method of impurity removal is Electrostatic Precipitation 
(ESP). During operation, contaminated oil flows through a bed of silica 
glass beads within the ESP, which are charged due to the voltage 
applied to a central rod. This causes charged particles within the oil to 
stick to the beads, effectively removing them. This process allows for 
the removal of impurities from the oil before thermochemical 
conversion and produces higher-quality carbon black. There are 
several shortcomings that must be overcome in order to apply ESP to 
a highly viscous liquid such as the carbon black feedstock oil. 
Traditionally, ESP is performed successfully in a gas environment, but 
the diffusion limitations of the heavy oil impede the movement of solid 
impurities. Overcoming this limitation requires a large electrostatic 
force, which may not be economically viable. Safety standards also 
limit the temperature at which ESP can be performed, which restricts 
the extent to which diffusion issues could be resolved. 
 
The goal of our project is to determine the effectiveness of a liquid ESP 
at removing solid impurities from carbon black feedstock oil. Models 
created in COMSOL Multiphysics are used to simulate the process on 
various scales and investigate the effects of certain oil, bead, particle, 
and electrostatic parameters on fluid flow and particle collection. 
Ultimately, a full-scale COMSOL model of the ESP unit will be used to 
simulate the process and determine ideal conditions for operation to 
maximize impurity collection. Preliminary simulations suggest that 
liquid ESP is indeed a promising method for removing impurities from 
heavy feedstock oil and producing high-quality carbon black. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Pictured from left to right: Kevin Lei, Anthony 
Casasanta, Garrett Zorda, and Katherine 
Saltzgiver. 
 

Removal of Impurities from Carbon 
Black by Electrostatic Precipitation 
of Feedstock Oil 
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Above: Diagram of liquid ESP 
Below: Simulation of fluid flow and particle 
trajectories through one layer of beads 
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Characterizing the structure, function, and interactions of DNA, 
RNA, and proteins is essential to understanding how an organism 
functions at the cellular level. In turn, this can lead to the 
development of diagnostic tests and treatments for genetically-
linked diseases, such as muscular dystrophy. However, inefficient 
extraction and isolation of cellular components has long plagued 
biological research laboratories and the pharmaceutical industry. 
Current methods, such as those using the reagent TRIzolTM, still 
require hazardous chemicals, expensive laboratory equipment, and 
hours of manual labor. To date, microfluidic devices have 
successfully achieved cell lysis, protein extraction, and product 
purification individually, although there has been no successful 
demonstration of a process incorporating all of these elements. 
 
The goal of this project is to design a continuous, integrative, 
microscale process capable of extraction, isolation, and purification 
of total DNA, RNA, and protein from whole muscle and liver tissue. 
This design uses fluid mechanics for most separations, reducing the 
need for potentially harmful and costly chemicals. Processing time 
is also reduced by eliminating the need for incubation steps. 

 
The design was divided into five main operations: tissue sample/ 
homogenization; cell isolation; cell lysis; DNA, RNA, and protein 
extraction; and purification. Each operation was modeled 
individually in COMSOL before being integrated into a cohesive 
microfluidic device. Through the use of microfluidic channels with 
varying orifice sizes, tissue samples are broken down and 
homogenized through the application of shear forces. Cells are then 
isolated from the extracellular matrix. Cells have radii orders of 
magnitude larger than other proteins in solution, causing them to 
sort into different channels using pinch flow fractionation. The 
isolated cells are then lysed using electroporation, selected for its 
ability to rupture both cell membranes and nuclear envelopes. 
Through the use of concentrated electric fields, permanent cell lysis 
can be completed in microscale channels without the use of harsh 
chemicals or long residence times.  DNA, RNA, and proteins are 
then separated and concentrated using a series of two spiral-shaped 
microchannels, which focus the macromolecules into specific 
positions based on size, allowing for their extraction and purification. 

 
Ultimately, the isolated DNA, RNA, and proteins can then be 
analyzed using existing techniques to aid in a better understanding 
of disease pathology. 
 
 

  From Left to Right: Nicholas Oliveira, Daniel J. 
Wackelin, Luis Alonso Loza and Paige Orlofsky 
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Figure 3: COMSOL simulation of the electric fields 
generated for cellular lysis through electroporation. 
 
 
 
 

Figure 1: Whole sample tissues from the liver will 
be processed in the microfluidic device. Image 
courtesy of Healthwise, Incorporated. 
 
 
 
 

Figure 2: Device for radius-based separation of 
cells from the extracellular matrix. 
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Unilever is a renowned consumer goods company with brands 
known across the world. With over 2.5 billion customers globally, 
Unilever must ensure that products continuously meet the high 
standards that consumers have come to expect in order to maintain 
trust in the brands. To meet these expectations, products must fall 
within strict control limits before they can be sold to the public. The 
viscosity of a body wash is one such defining characteristic that is 
easily perceivable to consumers as the consistency or thickness of 
the fluid and therefore has stringent limits that must be met for each 
production run. If a product does not meet the requirements, it can 
become extremely costly to mitigate the issues. Therefore, it is 
critical that Unilever have a complete understanding of the 
implications the process has on the product so that the viscosity is 
within the control limits for every batch made.   
 
This project aims to focus of the sensitivities introduced by the filling 
portion of the process. Through the use of rheological data and a 
COMSOL simulation of the filling process, our goal is to provide 
Unilever with a model that can predict the output viscosity of any 
given batch. With a simple interface that allows for user-defined 
conditions, this model will predict if the body wash will be within the 
desired control limits. In addition to providing predictive capabilities 
for future innovations, we could also provide Unilever with an 
optimized set of recommendations for their current processing 
conditions. 
 
To achieve these goals a process noise analysis was performed to 
identify the key driving factors within the process. Rheological 
experiments were then conducted to test the effects of key process 
variables previously identified. The resulting data was utilized to 
generate predictive equations for key flow parameters, which were 
then incorporated into the COMSOL model.  Using the models 
output of viscosity, experimental data was collected for comparative 
validation.  Based on the results, we are able to make 
recommendations as to how to best improve product consistency 
through the implementation of low-cost process controls, while 
simultaneously driving Unilever to a more sustainable digital future. 
 

 
Emma Willett, Bailey Gannett, Dana Parmalee, 
and Alicia Gorski  
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Since its foundation in 1929, Unilever has been producing some of 
the most popular lotion products worldwide. With the personal care 
industry surging, any quality issues would be extremely detrimental to 
Unilever’s sales and brand equity. In the Fall, we were challenged by 
Unilever to help solve a quality issue involving variations in viscosity 
for their lotion products. During the transfer of the lotion from the 
storage tanks to the filler nozzles, the viscosity of the lotion is 
decreasing, resulting in a lotion that is too liquefied. To combat this 
issue, we have developed a digital model capable of predicting the 
final properties of the lotion after the filling process. By seeing how 
different parameters are affecting the lotion, the model will also 
enable Unilever to mitigate any future quality related issues. The goal 
is not only to help Unilever with variations in lotion viscosity, but to 
develop a well rounded tool that can be used in future innovations to 
minimize risk during scale-up. 
  
Lotion is a Non-Newtonian fluid, more specifically, a shear thinning 
liquid. As the shear rate increases the viscosity of the fluid 
decreases. Due to the lotion being shear thinning, its structure breaks 
down under high shear rates. If the lotion is exposed to very high 
shear rates during the filling process, the structure of the lotion will 
breakdown and its viscosity may never recover. High shear rates 
have to be used in the factory in order to meet fill rate specifications. 
These specifications have a financial aspect related to them, which 
lead to certain design constraints. There are limitations to what we 
are and aren’t able to change because Unilever has a demand they 
must keep up with. Therefore, we are not able to simply reduce the 
shear rate in the filler nozzles by reducing the flow rates of the lotion.  
 
To understand how lotion behaves when changing different 
parameters, background research was done to decide on a set of 
variables that had the strongest influence on final viscosity. To do 
this, the study of rheology, the science of flow and deformation, was 
utilized. We were able to put together a set of design of experiments, 
or DOE’s. The key variables we tested were shear rate, temperature, 
and time. Our DOE allowed us to test all three variables in order to 
take into account the effect they may have on each other and on final 
viscosity. These rheological experiments allowed us to put together 
viscosity vs. shear rate flow curves. An in-depth data analysis was 
performed on these flow curves in order to observe the sensitivity of 
the lotion formulation. Once analyzed and fit to certain mathematical 
models, we were able to input the data into COMSOL, thus allowing 
Unilever and our group to predict the lotion’s behavior throughout the 
filling process. From the model’s analysis, we were able to perform a 
cost analysis in order to decide whether necessary changes for better 
final product quality would lead to a cost-effective solution.  
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The Environmental Protection Agency (EPA) has issued a health 
advisory to limit Americans’ lifetime consumption of perfluorooctanoic 
acid (PFOA) in drinking water. PFOA is a fluorinated, eight-carbon 
carboxylic acid molecule. The highly electronegative fluorine atom 
produces a strong dipole that makes the carbon-fluoride bonds 
resistant to decomposition. PFOA’s hydrophobic quality has made it 
an effective substance used in industry for waterproofing, clothing, 
fabrics, paper packaging, and flame-retardants. The EPA has tasked 
companies with finding alternative molecules to limit PFOA ubiquity in 
the environment, however, PFOA’s stability still makes the molecule 
prevalent today. PFOA is known to bioaccumulate and may cause 
harm to human health. This Senior Design Project attempts to find a 
solution to remove PFOA from drinking water to the EPA regulation of 
70 parts per trillion by retrofitting water treatment facilities in highly 
affected areas. 
 
The proposed solution is a two-step process that will be implemented 
into existing drinking water facilities (shown left). The first step is to 
use reverse osmosis paired with a nanofiltration membrane. This 
method is similar to many desalination plants used to remove salt from 
drinking water. In bench scale experiments, nanofiltration has shown 
promising removal of PFOA with rejection percentages up to 99%. 
This project models the membrane filtration at large scale using 
referenced membrane parameters such as the tube diameter, tube 
length, number of tubes, rejection coefficient, and pressure. The model 
is compared to literature values to determine accuracy. 
 
The second step is to use an immobilized thin-film photocatalyst. 
Specialized nanostructures of TiO2, Ga2O3, and In2O3 increase the 
photolysis decomposition rate by facilitating the production of reactive 
radical species. Due to the high cost of filtering manoparticles, the 
photocatalyst is attached to a thin layer of an inert carrier, such as 
silica, and applied to the surface of a UV lamp. The MATLAB model 
combines the transport and diffusion in the bulk liquid media, 
adsorption onto the catalyst surface, attenuation of UV radiation in the 
media and catalyst, and other important parameters to determine the 
concentration as a function of time and position in the treatment 
facility. The simulation of these two processes provides an analysis of 
the challenge to remove PFOA molecules from drinking water. 

PFOA molecule 
 

Large scale water treatment facility 
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Monoclonal antibodies (mAbs) are a class of therapeutics that have 
revolutionized treatment protocols in the fields of oncology, 
immunology, and organ transplantation. In the upcoming decade, 
especially, mAbs represent billions of dollars in potential revenue, 
as a multitude of mAb patents are set to expire soon, thus opening 
the market up to generic biological drugs. Although large-scale 
bioreactors have traditionally been used for mAb production, these 
facilities require millions of dollars in capital investment for their 
design, manufacture, and installation, and they are typically 
optimized for a single cell line. Interest has therefore shifted towards 
disposable bioreactors, a cost effective alternative that can be 
purchased in a variety of different sizes and designs, allowing 
companies to capitalize on the production of different types of mAbs 
as their respective patents expire. The Corning® CELLineTM 
Disposable Bioreactor is of particular interest because of its unique 
three-chamber design, which boasts comparable yields to fully-
optimized traditional bioreactors at a much lower cost. The 
motivation of this project is to explore the modeling of this line 
of disposable bioreactor, determine methods of design 
optimization, and assess the feasibility of scale-up for 
production use. 
 
The CELLineTM Bioreactor was optimized through development and 
sensitivity analysis of a cell growth model in MATLAB. During model 
development, a Monod-Type cell growth model from literature was 
modified to consider the effect of multiple substrates, cell death, by-
product growth inhibition, and mass transfer on cell concentration 
and antibody production in the bioreactor. Several parameters were 
investigated during optimization trials, including the overall reactor 
size, geometry (including chamber volume and membrane surface 
area), membrane materials, frequency of nutrient replacement and 
antibody extraction, and reactor cost, in order to maximize the 
profitability of antibody production. Results showed that, in the initial 
bioreactor design, cell growth became limited by mass transfer of 
nutrients within approximately five days. Using a series of sensitivity 
analyses, the reactor geometry and media replacement schedule 
were designed to maximize membrane surface area and the 
concentration gradient in order to achieve maximal mass transfer of 
nutrients and waste products. Cost of media and membrane 
materials was also considered when determining net profit from 
antibody production in the optimization process. The proposed 
bioreactor design thus improves upon the original CELLineTM 
Bioreactor design by maximizing cell growth to increase antibody 
yield and overall profit.  
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Figure 1. Schematic of Corning® CELLineTM 
Disposable Bioreactor (Corning, 2017). 
 
 
 
 

Figure 2. Live cell growth concentration in the 
cultivation chamber as a function of time for 
varying nutrient supply chamber volume. 
 
 
 
 

Figure 3. Monoclonal antibody production as 
a function of time for varying nutrient supply 
chamber volume. 
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Carbon Black is a deep black powdered material produced by the 
incomplete combustion of Bunker Fuel Oil, and its market is 
expected to surpass $25 billion by 2020. It is primarily employed as 
a reinforcing agent for polymeric materials, with rubber tires using 
65% of the production. But in recent years, the demand of 
specialty carbon black has risen due to the developments of 
batteries, rheology (plastics & adhesives), and packaging. To 
obtain the desired coating, conductivity, and pigmentation 
properties, an enhanced refining process must be implemented to 
reduce impurities. 

 
Cabot Corporation, a specialty and performance chemical 
company, is trying to implement a pre-treatment process using a 
third-party separation unit. This unit was marketed to separate 
metallic particles (Al/Si) that are introduced to the feedstock during 
the cracking process (zeolites). We have been tasked in the 
development and understanding of a model that will identify the 
refining phenomena that will occur within the unit. The unit 
employs an electromagnetic field within a packed-bead column, 
which hypothetically results in the deposition of the impurities on 
the glass beads’ surface. Success modeling with reasonable 
performance could influence the purchase of the unit. 
 
To accomplish the tasks at hand, multiphysics simulation software, 
COMSOL, and the modeling software, SolidWorks, were employed 
to understand the flow of particles in bunker oil around the 
specified cation-doped beads. Using preliminary data provided by 
Cabot, a stationary simple simulation depicts isolated phenomena 
such as velocity, concentration, and shear stress profiles. Further 
time-dependent optimization revealed the forces and directions of 
particles due to electromagnetic and fluid flow forces. Last but not 
least, parametric sweeps showed the implication of changing 
material properties due to temperature and resistance. According 
to current studies, the resistivity of the bunker oil has a great 
impact on the degree of filtration; which could lead to a short circuit 
if the resistance is too high. 
 

  
From left to right: Luis Andre Loza, Harsh Patel, 
Saral Shrestha, Jikku Samuel.  
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Figure 1: Aspen Plus model of the 
Furnace Black Process. 

Figure 2: Velocity Profile on 2 beads 
using COMSOL Simulation. 

Figure 3: Particle Trajectory Profile on 
21 beads using COMSOL Simulation. 
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The purpose of this project is to design a silicone resin coating that 
can be used to repair the heat exchangers in airplanes. Heat 
exchangers are used to help cool the hydraulic fluid that powers 
the hydraulic system in planes. The hydraulic system controls the 
brakes and gears; therefore it is necessary to keep the fluid 
sufficiently cool to avoid dangerous malfunctions. To keep the heat 
exchangers in working order, coatings are applied to the heat 
exchanger to reduce fouling. Currently, UTC utilizes a silicone 
resin that is applied as a dip coat. Over time, the coating can 
become damaged, necessitating repair. The current method of 
repair is to strip the exchanger of all nuts and bolts and dip coat 
the entire apparatus. This becomes costly and time consuming. 
 
Our goal is to formulate a silicone resin system that will be used for 
the coating repair. Instead of a dip coat, the resin will be applied by 
brush. This will save the company time and money each time the 
coating is used. Our team is also taking into consideration market 
factors such as the appearance of the resin and technical factors 
such as the coating stability. We need to ensure that it achieves an 
acceptable match with the current coating and bonds to the current 
resin. The resin must achieve hardness minimum values, and also 
pass many additional tests to qualify. The tests that the resin will 
need to pass include thermal stability, corrosion resistance, fluid 
resistance, adhesion, and abrasion tests. The resin is only deemed 
successful when it passes all the test requirements and is also 
chemically compatible with the previous resin coating.  
 
Two possible resin systems have been identified. The first is the 
RSN 0431 resin from Dow Corning. The second is the SILRES® 
MSE 100 resin from Wacker Chemicals. We have performed 
several tests to determine the suitability of these resins.  
 
Left-side pictures from top to bottom: UTC heat exchanger, silicone resin 
structure, test panel for adhesion test with RSN resin 
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By the year 2050 the world’s population is estimated to increase to 
9 billion people. Today, 650 million people lack access to fresh 
water and there is severe undernourishment in impoverished 
areas. World food production must increase by 70% to keep up 
with growing demands while climate change continues to put 
pressure on agriculture and food production systems. Agricultural 
practices that were developed to keep up with the needs of a 
surging population have taken a toll on the environment. The 
widespread use of chemical fertilizers has caused significant 
ecological destruction as runoff to aquatic habitats have created 
vast anoxic zones. The quality of produce has also decreased 
substantially as GMOs and pesticides reduce robustness and 
nutrition. Reducing water consumption in the agricultural sector, 
which accounts for 80% of usage in the United States, will greatly 
increase our resilience to water scarcity. Traditional practices 
produce enough food to meet the consumption needs of a growing 
society; however, there is no focus on sustainability. Our objective 
is to produce an intensive sustainable food system that meets 
certain sustainability constraints. 
 
The Sustainability Constraints: 
Net Carbon Zero 
85% reduction in water use 
No pesticides or synthetic fertilizers 
Produce a nutritionally-complete diet 
Cost competitive 
 
The problem is formulated as an optimal design problem with a 
goal of maximizing the net-present value (NPV) over the projects 
lifetime. The feasibility of various process architectures (products, 
unit operations, process flows, and distribution) were 
investigated.  The model is also investigated in two desperate 
climates, Massachusetts and Arizona. The design is a recirculating 
aquaponics system that produces tilapia, romaine lettuce, and 
sweet potatoes. 
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Food waste is a major environmental and economic problem, with 
an estimated 1/3 of food produced for human consumption wasted 
each year. The UConn campus alone produces approximately 
1064 tons of food waste each year, most of which currently goes to 
landfills where decomposition contributes to atmospheric pollution. 
Biochar is the solid product resulting from anaerobic thermal 
decomposition of biomass. Biochar with certain physical and 
chemical characteristics has been found to improve soil quality in 
agriculture and can adsorb contaminants such as copper, lead, and 
phosphorus. Conversion of organic waste into biochar also offers 
an effective method of carbon capture and storage. 
 
The goal of our research was to design and evaluate a process 
using local biomass waste resources to make biochar as an 
economic, environmentally friendly soil amendment. While biochar 
has been widely produced from various agricultural and woody 
wastes, food waste is less explored and offers an abundant, low 
cost biomass resource. Utilizing UConn dining hall food waste to 
produce biochar on-site would save money in hauling costs and the 
pyrolysis products could be sold to generate revenue.  
Our design utilized data from UConn’s Center of Clean Energy and 
Engineering, where slow pyrolysis of dining hall food waste was 
performed in a tubular fixed bed reactor and the produced biochar 
analyzed. Results show that slow pyrolysis at a heating rate of 
10oC/min, temperature of 525oC, and residence time of 120 
minutes resulted in biochar with the most desirable characteristics. 
Using experimental data we fit a kinetic model to the pyrolysis 
reactions, estimating Ea of 42.23 kJ/mol and ko of 147 min-1. The 
pre-treatment and pyrolysis process was simulated in ASPEN Plus. 
 
The first step of the designed process is pre-treatment of feedstock 
which involves putting discarded food through a pulper, extractor, 
and dehydrator, resulting in uniform particle size and low moisture 
biomass that is ready for pyrolysis. This is next transported to an 
on-site facility for slow pyrolysis using an auger reactor with heating 
jacket. Biochar is fed through a screw conveyor with cooling jacket 
before storage. The gas and vapor co-products enter a cyclone to 
remove solid particulates, condensable vapors are recovered as 
bio-oil, and gas is combusted in an afterburner and circulated in the 
reactor jacket to provide necessary heat for pyrolysis. 
 
 

 
Figure 2: Lab-scale slow pyrolysis of dining hall food 

waste at C2E2 

 
 

 
Figure 3: ASPEN Plus model of pre-treatment and 

pyrolysis processes 

 
 

 
Figure 4: Schematic of commercial slow pyrolysis 
process to produce biochar from dining hall food 

waste 

 

 
Figure 1: UConn dining hall food waste reduced to a 

dry pulp 
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As one of the most abundantly consumed fossil fuels in the United 
States, coal has proven to be a reliable source of energy for 
decades. However, our dependence on coal has not come without 
consequence. The combustion of coal emits pollutants such as 
carbon dioxide (CO2), nitrous oxides (NOx), sulfur oxides (SOx) and 
particulate matter (PM), all of which are detrimental to 
environmental and public health. As previous reform is repealed in 
congress, once again our country is looking toward coal as a 
substantial energy source. 
 
The goal of this project is to design a reliable and economically 
feasible clean coal power plant, capable of generating roughly 
500MW. In an effort to minimize the emission of pollutants, 
conventional combustion technologies were omitted and 
gasification technologies were implemented. An entrained flow 
gasifier offers the cleanest and most efficient method for a high-
volume coal power plant. By producing a combustible syngas, the 
production of both NOx and SOx are significantly reduced. 
Furthermore, a combined cycle is implemented to improve power 
generation capabilities and overall efficiency. After syngas 
combustion and sufficient power generation, extensive flue gas 
treatment is required to meet regulations and reduce emissions to 
the point where the coal plant can be considered clean. Treatment 
for NOx is accomplished by selective catalytic reduction (SCR), 
treatment of SOx is accomplished by absorption, and PM is 
eliminated by electrostatic precipitation (ESP). 
 
The IGCC process was analyzed using Aspen HYSYS, and 
ultimately the proposed process was found to reduce NOx, SOx 
and PM. CO2 emissions remain high and will require the 
application of advanced carbon capture technologies to eliminate. 
Final economic analysis of the plant determined that although 
emissions can be reduced, the process’s monetary requirements 
suggest the plant is not feasible.  
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Euze. Coal plant in West Virginia. Earth Institute, Columbia 
University. 
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Every day, 64% of Americans will drink at least one cup of a coffee 
beverage, and significant portion of these people will be enjoying a 
latte as their coffee beverage of choice.  It is our objective to 
optimize the latte fabrication process in order to consistently create 
a latte of the utmost quality.  In order to accomplish, this we will 
model the espresso brewing process as well as the milk steaming 
process.  pH change, temperature change, and density change 
also will be modeled and then integrated in order to create a 
system which can then be optimized.  A traditional latte consists of 
one part espresso and two parts steamed milk with a dollop of 
foam.  The latte fabrication process begins the preparation of the 
steamed milk and foam.  Then the beans are then ground, after 
which they are then loaded into the espresso machine.  The 
espresso brewing process is then run at the desired pressure and 
temperature.  Finally, the steamed milk and foam are poured into 
the espresso, thus finishing the latte fabrication process.   
 
The optimal latte is a combination of tuning variables set at the 
right operating conditions.  Variation in operating conditions leads 
to differences in quality of the latte.  In order to be classified as 
espresso by the Italian Espresso Institute, strict baselines must be 
adhered to with little variance. These include weight of coffee 
grinds, entry water temperature and pressure, and percolation 
time.  Water quality, water temperature, water pressure, espresso 
bean type, grind size, weight of grinds, brewing time, volume of 
espresso, pH of espresso, temperature of espresso, milk type, milk 
steaming time, volume of steamed milk, pH of the milk, and 
temperature of the steamed milk all affect the end product.  Our 
approach has been to find basic mathematical correlations 
between all these variables to make a model and scale up the 
advancement of the model with each iteration.  Being that 
espresso diffusion is not commonly modeled, our group decided to 
use Matlab as our main method of modeling.  So far we have 
developed models for how variations in temperature, pressure, 
volume, and brew time affect the overall caffeine content, 
temperature, pH, density, and volume of the latte. 
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Visualization of espresso flavor profile 
http://www.espressoitaliano.org/files/File/istituzionale_inei_hq_en.pdf 

Final mixing step of the coffee fabrication process 
https://www.youtube.com/watch?v=sBG8O430uOg 
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Cold temperatures between snow storms can lead to high 
accumulations of snow during the winter season. New England 
gets approximately 45 inches1 of snow annually and Connecticut 
alone spent nearly $50 million2 on snow removal in the 2014-2015 
season. This snow removal usually pertains to snow on the roads 
and yards, but in areas where a snow plow can’t reach, the buildup 
becomes problematic. Due to snow plows, parking lots waste their 
spots making room for snow and street corners have snow banks 
so high that they obscure drivers’ view. The only other alternative 
is to ship the snow somewhere more convenient. There is a clear 
need for another solution beyond the costly alternative of trucking 
the snow. 
 
We have designed a “snow blanket” that can be used to melt snow 
piles on the street sides and parking lots. Our goal for this product 
is to facilitate snow melting by using a passive easy-to-use device. 
Using materials with high thermal conductivity, the blanket takes in 
solar energy and distributes the energy to the snow in order to melt 
the large piles between snow storms. The desired rate of melting is 
1 inch per hour to impede the accumulation of snow. Our design 
uses a coil with a spear shaped cross-section that can wedge into 
the snow for increased contact area. The curved figure will also 
collect sun rays at an optimal angle, maximizing the solar energy it 
absorbs.    
 
We plan to use primarily polymer compounds in the snow blanket. 
Polymers are a more cost efficient option for a material with a high 
thermal conductivity. Our group modeled the snow blanket using 
the COMSOL Multiphysics® Modeling Software. We split the 
model into two sections: (1) the absorption of solar energy by the 
snow blanket during specific times of the day and (2) the transfer 
of heat from the snow blanket to the surrounding snow. Our 
modeling has yielded excellent results for our design showing 
efficient heat transfer with polymers. Our device is designed with 
both industry and homeowners in mind. 
 
[1] Annual Climatology: Hartford, CT (BDL) 
http://drought.unl.edu/archive/climographs/HartfordANC.htm 
[2] Dorsey, Tony. “Survey of 23 States Shows $1 billion Spent, 8 
Million Work Hours Logged and Six Million Tons of Salt Used to 
Battle Winter Weather.” News Release, 4 May 2015,  
news.transportation.org/Pages/NewsReleaseDetail.aspx?NewsRel
easeID=1443. 
 

 
Group Members (from left to right): Patrick Bieger, 
Jeffrey Olson, Landon Bassett, Chanhyun Park, 
Anthony Sodoski 
 
 
 
 

Passive Melting Snow Blanket 
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Figure 1: Final Coil Design 
 
 
 

Figure 2: Preliminary 
Temperature Profile 
 
 
 

Figure 3: Snowbank in Parking Lot 
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Thermodynamically, hydrogen stores more usable energy per unit 
mass than any non-nuclear fuel. This high specific energy should 
make hydrogen an attractive candidate for energy applications 
worldwide. Despite this appeal, hydrogen’s presence in the energy 
sector is small. This is attributed to the high cost of electrolyzers 
and fuel cells used to produce and consume hydrogen. Proton 
OnSite (Wallingford, CT) is a manufacturer of proton exchange 
membrane (PEM) electrolyzers; the dominant cost in their units 
comes from precious metals required, such as platinum. In a 
partnership between Proton and the University of Connecticut, our 
group targeted platinum loading reduction on the anode side 
titanium gas diffusion layer (GDL), a porous titanium sheet that 
must resist oxidation and maintain conductivity in cell. Successful 
platinum loading reduction is directly correlated with significant 
cost reduction. 
 
The current electroplating deposition technique was replaced with 
the nano-coating technique, Reactive Spray Deposition (RSDT). In 
this flame-based procedure, a platinum precursor is combusted 
and deposited as nano-particles onto the titanium GDL. This 
process was chosen as it is capable of targeting Pt deposition 
strictly on the GDL’s contact points, rather than impregnating the 
entire part with Pt like the current method does; RSDT was also 
chosen as it is a nano-coating process capable of being scaled up 
to pilot and industrial scale. Following deposition onto the GDL, the 
part is subjected to rigorous testing to ensure it is in spec with 
current production parts. Such metrics include: polarization curve 
performance, durability over time in cell, part resistance, platinum 
adhesion, and flow impedance. In addition to these baseline 
comparison tests, material characterization techniques such as 
SEM, XRF, and XRD were used to inform the iteration process.     
 
Using RSDT, we have reduced platinum loading on the GDL by 
two orders of magnitude while maintaining cell performance. This 
loading reduction is associated with substantial cost reduction. In 
addition to the platinum loading reduction, this method offers the 
potential for process step elimination, lower downtimes, and faster 
lead times. This all in an effort to build Proton’s production capacity 
and reduce unit cost to make hydrogen fuel more competitive. 
 

 
From left to right: Alex Keane, William Tait, Kyle 
Terracciano and Tom D’Auria 
 
 
 
 

Reducing Pt loading in PEM 
electrolysis stacks via  
nano-coating processes 

TEAM: 18 
SPONSOR: Proton OnSite 
ADVISOR: Prof. Luyi Sun 
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There has been increasing interest in sending humans to Mars. The 
potential for technological advancement can spark economic 
growth, and the ability to colonize a second planet is important for 
the survival of the human race due to increasingly hostile Earth 
conditions. Since the required technology to sustain human life on 
Mars already exists and is very expensive, the main concern for the 
feasibility of this project is the cost. Currently, the cost of transporting 
material to Mars is $10,000 per pound, which requires significant 
consideration to be made regarding the total mass of the design 
(including all facilities, reactors and building material).  
 
The goal of this project is to design and test the feasibility of a habitat 
suitable for 10 human colonists living on Mars. The main constraint 
is utilizing the inhospitable Martian atmosphere to produce sufficient 
energy and resources for human survival. The Martian atmosphere 
is 95% CO2, has an average temperature of approximately -55°C, 
and a pressure of less than 1% of Earth’s. Low-cost energy 
production will be achieved through a combination of solar energy 
and fuel utilization to limit the amount of materials that must be 
continuously sent from Earth. For the colony to be self-sustaining 
and cost-effective, the carbon dioxide in the environment must be 
reacted to produce fuel, oxygen, and water. Pure hydrogen will be 
brought from Earth to facilitate the production of these necessities, 
allowing the colony to maintain a chemical production plant. The 
main reactions the colony will use are as follows: 
 

        𝐶𝐶𝑂𝑂2 + 4𝐻𝐻2 → 𝐶𝐶𝐻𝐻4 + 2𝐻𝐻2𝑂𝑂              [1] 
           𝐶𝐶𝑂𝑂2 + 𝐻𝐻2 → 𝐶𝐶𝑂𝑂 + 𝐻𝐻2𝑂𝑂              [2] 
               2𝐻𝐻2𝑂𝑂 → 𝑂𝑂2 + 2𝐻𝐻2                                   [3] 

      𝐶𝐶𝑂𝑂2 → 𝐶𝐶 + 𝑂𝑂2              [4] 
 
Reaction (1), The Sabatier reaction, will be used to generate 
methane, water, and heat. This methane will then be combusted 
with oxygen produced in Reactions (3) and (4) with the energy 
generated used to power the colony’s life support. Clean water is 
produced through wastewater reclamation combined with urine 
distillation. A greenhouse will grow food for the colony by treating 
the Martian soil to remove perchlorates and by adding processed 
human waste. Martian soil will also be pressurized to create bricks 
to enclose main living areas and processes. This sustainable 
Martian colony will be modeled thoroughly and its efficacy and 
feasibility will be assessed.  Pictures sourced from NASA and Audi. 

   From left to right:  Amy McKinstry, Carmi 
Mandelkern, Brielle Cash, Julia Kennedy 
 
 
 
 

In-Situ Resource Utilization for a 
Self-Sustaining Martian Colony 

TEAM: 19 
ADVISOR: Prof. Daniel Burkey 
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Poly- and perfluoroalkyl substances (PFASs) are a class of man-
made chemicals that have a hydrophobic head and hydrophilic tail 
(Figure 1). PFASs have been widely used for non-stick and 
waterproof coatings since their discovery in the 1940s. Examples 
of products containing these substances include textiles, 
disposable dishware, non-stick cookware, fire-fighting foams, and 
more (Figure 2). Although PFASs prove themselves to be practical 
for a variety of applications, they have also been found to be toxic 
to humans over time at even minute concentrations. This is a 
growing concern to us as PFASs have been detected in notable 
concentrations in air and water sources, animals, and human 
beings. In one study, PFASs have even been found accumulated 
in a mother’s breast milk. Due to this, the EPA has set a restriction 
of 70 parts per trillion (ppt) on the concentration of certain PFASs 
found in drinking water. 
 
With that said, the goal of this project is to design a continuous 
remediation process to degrade PFASs, specifically 
perfluorooctanoic acid (PFOA), and ensure that the concentration 
of PFOA is at or below 70 ppt to ensure drinking water is safe not 
only for the environment but for water consumption. This, however, 
is no easy task because PFASs have been proven to be 
environmentally persistent and able to bioaccumulate. This is 
attributed to the amphiphilic nature of the molecule as well as the 
highly stable carbon-fluorine bonds present in the tail (Figure 1). 
 
Our team has chosen to design a water treatment system that is 
based on the design and needs of typical water treatment plants 
incorporating remediation processes such as photocatalysis, 
sonolysis, and electrocoagulation to aid in the destruction of 
PFOA. These processes have been selected due to their ability to 
efficiently degrade PFOA in drinking water and their high fluoride 
recovery yield. A process has been designed which has been 
simulated in MATLAB using pseudo-kinetic rate data and 
associated equations to model the theoretical efficacy of our 
processes and to aid in optimizing the balance between 
degradation rate, effectiveness, and cost. 

 From left to right: Caressa Wakeman, Cynthia 
Laguerre, Nikolas Franceschi-Hofmann, Nora 
Chov 
 
 
 
 

A Poly- and Perfluoroalkyl 
Substance Remediation System 

TEAM: 20 
ADVISOR: Prof. Yu Lei 
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Our goal for this undertaking is to examine various clean coal 
technologies and find a way to utilize them synergistically to 
significantly reduce coal power plant emissions and cost. There 
are many existing ways to purify emissions associated with coal 
power plants (flue gas desulfurization, electrostatic precipitation, 
selective catalytic reduction, palladium sorbents, etc.), however 
many of them fall short in making significant reductions in all types 
of emissions. We hypothesize that using many of these cleaning 
techniques in tandem with an integrated gasification combined 
cycle (IGCC) will reduce emissions comparable to that of an oil 
burning power plant of similar electrical capacity. An IGCC is an 
existing, but still relatively developmental design that reduces coal 
power plant emissions and recycles useful energy back into the 
system by means of combined cycle (steam and gas turbine). An 
IGCC system coupled with deliberate cleaning techniques, turns 
pulverized coal into a useful syngas, and then separates the 
harmful pollutants from that syngas. This syngas can then be 
combusted within a gas turbine to produce electricity; in contrast to 
conventional pulverized coal power plants, where the energetic 
output comes directly from burning the coal. Using Aspen Plus, we 
can design, simulate, and optimize an IGCC coal power plant with 
various syngas cleaning techniques to prove our hypothesis. 
 
The specific objective of this report is to design a coal power plant 
that produces pollution (CO2, SOx, NOx, Hg, and Particulate Matter 
such as toxic metals) at the same levels or lower than those of an 
oil power plant of similar electrical capacity. A secondary objective 
is to do this and compete economically with other power plants 
nationwide. Since the proposed cleaning techniques require 
energy to operate, using multiple cleaning techniques in the plant 
will consume substantial amounts of energy. Therefore, our design 
must first overcome the thermodynamic requirements to operate 
the plant, and moreover produce a sufficient steady state 
operational net gain in power (close to 500MW; the electrical 
output of the common oil power plant). 

 From left to right: Robert A White III, Gregory 
Dziopa, Joseph Mitchell, Logan Gordon 
 
 
 
 

The Design of a Clean Coal Power 
Plant using Integrated Gasification 
Combined Cycle Technology 

TEAM: 21 
ADVISOR: Prof. Doug J. Cooper 
                   David Eckhardt 
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Picture citations from top to bottom: 1. Dozolme, Philippe. “Learn About Coal: What It Is, How It's Formed and Where It's Found.” The Balance, 
www.thebalance.com/coal-basics-4061797. 2. Power-Eng.com, www.power-eng.com/articles/2013/11/tva-to-close-eight-coal-power-plants.html. 3. National 
Energy Technology Laboratory. Commercial Power Production Based On Gasification. https://www.netl.doe.gov/research/coal/energy- 4. Bequette, B. W.; 
Mahapatra, P. Model Predictive Control of Integrated Gasification Combined Cycle Power Plants, Department of Chemical and Biological Engineering Renssalaer 
Polytechnic Institute 2011  
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 The Town of Thompson, Connecticut has tasked our group 
with the design and development of a pocket park. The site is 
located on a parcel between 129 and 141 Reardon Road, where it 
is completely undeveloped and crowded with trees and other types 
of vegetation, as well as an old, clogged-up cistern. Our goal as a 
team is to come up with a park design which meets all engineering 
standards and codes while also transforming it into a beautiful park 
to be used to create a sense of community for the residents of the 
surrounding neighborhood.  
 The Town of Thompson provided us with the plot 
dimensions as well as a 2-ft contour interval map of the site. Based 
on the contours and our site visit, we ran into two major issues; a 
steep grade in the back half of the plot which lead to an active 
railroad track and river, as well as providing a suitable parking lot 
with the limited land provided. Our solution to the slope was to 
leave it alone by creating an overlook, walling off the steep grade. 
This would provide an aesthetically pleasing view of the adjacent 
river and would deter anyone from wandering down the hill to the 
active railroad track. The solution to the second issue involved 
much more work and really dictated the shape of the entire pocket 
park; In order to provide a suitable amount of parking spots and 
not interfere with the two neighboring houses, the parking lot had 
to go at the very front of the park by removing existing guard railing 
and allowing visitors to park just off the street. This was the flattest 
area to place the parking lot while avoiding any major cut/fill 
requirements. It also left the middle of the park available to meet 
the town’s given desires, including walkways, playground, free 
space, a converted existing cistern to a water fountain and a 
bathroom. The bathroom required a leach field, and the parking lot 
being at the front of the park also allowed the leach field, made 
from affordable and long-lasting PVC pipe, to be placed 
underneath the parking lot.  
 Having the opportunity to design a new neighborhood 
feature for the Town of Thompson has been a pleasure for our 
team and we would like to extend our gratitude to everyone who 
helped along the way, including our advisor Mr. Charles Elias. 
 

TEAM 1: Thompson Pocket Park 
SPONSOR: Town of Thompson, CT 
ADVISOR: Charles Elias 
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Design of Leisure Park intended for 
Local Community of Thompson, CT 
 

 
TEAM 1: Thompson Pocket Park 
SPONSOR: Town of Thompson, CT 
ADVISOR: Charles Elias 
 
 

 From left to right: Christian Adams, Even 
Berkovitz, Aidan Lynch, Richard Kaelin 
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The town of Thompson, Connecticut is in need to study 
and evaluate the performance of a historical structure located at 65 
Main Street in North Grosvenordale. The goal of this study is to 
determine the structural functionality of the existing building and to 
repurpose the site for a new, permanent use. KAIN Engineering 
will provide comprehensive structural evaluation and site planning.  

Originally constructed around 1900, the house served as 
residence for principals of Tourtellotte Memorial High School. Once 
the need for principal housing disappeared, the building served as 
a public library, social service center, and private residence. The 
town would like to explore options that will restore the building to 
functional public or private use. 
 The house is currently suffering from wall cracking, floor 
sagging, and wall bending as a result of a settling foundation. The 
settlement can be attributed to the construction of the basement 
slab and the wall not sitting on top of that slab. The building 
geometry and structural details were collected to create an 
analytical structural model and to evaluate the major areas of 
concern.  In addition, drainage issues were affecting the property 
due to poor site grading. A survey was performed and the collected 
data was used to create a site plan. Analyzing these plans allowed 
our team to reach multiple viable solutions.  

The main solution for the foundation settlement includes 
pouring a concrete footing and replacing the existing wall on the 
south side of the basement. As for the site design, the site will be 
regraded to allow for storm water runoff to flow away from the 
structure. Other, more extensive solutions include adding 
additional support to the building by installing piers that will extend 
deeper into the ground and reach a sturdier soil to provide greater 
support. To fix the sagging of the beams, wall jacks can be 
installed to hoist the deflected beam back to its original position. 
Lastly, the floors, ceilings, and walls (interior and exterior) will need 
to be revitalized to improve the buildings aesthetics. 
 
 

 

From left to right: Nicholas Assard, Kevin 
Rogovich, Andrew Lynch, Igli Spahiu. 
 
 
 

Historic Structure Study in 
Thompson, Connecticut 
 

TEAM: 2 
SPONSOR: Town of Thompson, CT 
ADVISOR: Sarira Motaref, Ph.D. 
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Thompson is a rural town in the Northeast corner of 
Connecticut, comprised of collection of villages. The town is 
planning a downtown revitalization effort in the central village of 
North Grosvenordale. This effort is centered around the North 
Grosvenordale Mill, a historic cotton mill that is largely unused. 
Plans are in development to convert the Mill into modern 
commercial and residential space. This development will likely 
increase pedestrian and vehicular traffic in the downtown area. 
 Our team was tasked with improving the current 
transportation system in downtown Thompson to welcome the 
increased use from the Mill development. Our efforts focused on 
improving walkability, or ease and safety of pedestrian travel. This 
necessitated an assessment of the existing walkability, including 
sidewalk conditions, crosswalk placement, roadway and 
intersection design, and pedestrian safety. We collected this data 
through several methods, including site survey and computer aided 
drafting.  
 Utilizing street design and urban planning resources, 
changes to the current system were developed. The designs were 
aimed to eliminate pedestrian hazards and integrate foot travel to a 
greater degree. Many of these changes were influenced by 
Complete Streets principles, a design approach that emphasizes 
integration of all modes of travel, including safe pedestrian use. 
Our proposals include altering a central intersection, adding 
crosswalks, and implementing traffic calming devices and roadway 
alterations. In addition, we worked to incorporate the existing 
downtown businesses and residences into the new walkability 
plan, connecting them to the future Mill development. 
 We were also tasked with improving the aesthetic appeal 
of the downtown area for future visitors. Design in this regard 
included proposing a layout of streetscape appurtenances such as 
benches and trees, period lighting, and improvements to a small 
park near the downtown area. This aspect of the design aimed to 
improve the sense of place, or the subjective environmental feeling 
imparted on future visitors, for the revitalized downtown. 
 

    

Ian Brown, Ryan Baer, Brian Morganti, and 
Greg Schrenkel. 
 
 Downtown Thompson Beautification 

 

TEAM: 3 
SPONSOR: Town of Thompson, CT 
ADVISOR: Dr. Nicholas Lownes 
 

CIVIL ENGINEERING 



56

 The Langer’s Pond dam, located in Thompson, 
Connecticut, is past due for both its inspection and dam breach 
analysis report. The dam is owned by the town of Thompson, and 
is a class BB dam. Classes range from A (least hazardous) to C 
(most hazardous) based on downstream potential loss of life, 
economic loss, and damage to infrastructure if a dam were to fail. 
About two miles downstream of the Langer’s Pond dam is 
Thompson’s downtown area, and it is important to have an 
emergency action plan for this area, in the event of a storm or a 
dam breach. We will be using Arc-GIS and HEC-RAS software to 
create an inundation map that will provide Thompson with the 
necessary information to create an EAP for this area. 
 
 The Thompson dam is located adjacent to the parcel of 
land addressed 1405 Riverside Drive, North Grosvenordale, CT. 
Directly behind and running parallel to the dam is Wilsonville Road. 
The dam holds back flow from the French River as well as 
Langer’s Pond. Currently on the parcel of land closest to our dam 
is a freight shipping and trucking company called Matty’s 
Transportation. In addition to Matty’s Transportation, there is an 
abandoned mill. When the mill was operational it diverted some of 
the river’s flow to a secondary spillway. However, that spillway is 
currently filled with brush and doesn’t allow water through. On the 
opposite side of the French River are railroad tracks that run 
parallel to the flow of the river. The tracks are elevated high 
enough so that in all likelihood, they would not be affected during a 
dam breach. About one mile downstream from the Langer’s Pond 
dam is the North Grosvenordale dam, which may or may not 
breach during a 100 year storm. We ran multiple simulations to find 
out worst case scenario for our inundation map to be delivered to 
the client. 
 
 The final product that we will provide at the conclusion of 
the assignment is a finalized dam breach analysis report of the 
Langer’s Pond dam. This will include 2-D modelling in HEC-RAS 
software, an inundation map, and a final report booklet.  

 
 
 
 

  
 
 
 
 

 
 
 
 

Pictured from left to right: Alberto Franchi, Austin 
Cormier, Alex Barker, and Jared Brown. 

 
 

Dam Breach Analysis 
Thompson, CT 
Langer’s Pond Dam 
 

TEAM: 4 
SPONSOR: Town of Thompson, CT 
ADVISOR: Charles Elias, PE 
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The Town of Old Lyme seeks to conduct a dam breach 
analysis on its Rogers Lake Dam – Dam #10505 – located north of 
Town Woods Road. Rogers Lake Dam is in Hazard Class B. If 
breached, the flooding has the potential to damage downstream 
infrastructure and property and potentially cause loss of life. As 
such, the dam is required to be inspected and analyzed once every 
five years. Our analysis will help emergency responders to identify 
at-risk areas in the event of a breach. 
  

Rogers Lake has a surface area of approximately 260 
acres, channeling water from a 4800-acre watershed down 
towards Mill Brook. There are 14,766 linear feet of total lake 
frontage; 13,009 feet are privately owned, while the town of Old 
Lyme owns 823 feet. The Town of Old Lyme owns the dam as it is 
located within the 823 feet of property owned by the government. 
  

The mapping software ArcGIS was used to prepare our 
downstream terrain. With the input of the topographic data and the 
geometric data of Rogers Lake and the downstream wetlands into 
the Hydrologic Engineering Center's River Analysis System (HEC-
RAS), a breach analysis was simulated. The breach analysis 
simulated the watershed downstream during a 100-year storm in a 
two-dimensional unsteady flow model. It presents possible damage 
to infrastructure and private properties downstream through 
visualization and calculations. 

	

Left to Right: Brianna Vetel, Jordan Vogt, Ryan 
Jacob, Sean MacNeil 
 
 

Dam Breach Analysis for Rogers 
Lake Dam in Old Lyme, CT 
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Flood event at Rogers Lake Dam (March 2010) 
	

Rogers Lake Dam (January 2018) 
	

Aerial map of downstream waterway 
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Left to Right: Nicholas Granata, Madeleine Holland, 
Brooke Gondek, and Christopher Kane  
 
 
	

Dam Breach Analysis for  
Town of Stafford, CT  
	

TEAM: 6 
SPONSOR: Town of Stafford, CT 
ADVISOR: Charles Elias  
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The Town of Stafford is home to the headwaters of the 
Willimantic River. Furnace Brook runs north to south and 
funnels runoff from a 10,364 acre watershed through a 
series of seven dams. The first and northernmost is New City 
Pond Dam, followed by Staffordville Reservoir Dam, 
Hydeville Dam, Riverside Pond Dam, Glenville Pond Dam, 
Warren Pond Dam, and finally Cyril Johnson Dam 
immediately north of Stafford town center. Since these dams 
were built in the late 1800s, many have fallen into disrepair. 
The dams and the reservoirs they impound pose an 
enormous hazard to the schools, businesses, residences, 
and other infrastructure that lie in the floodplain of Furnace 
Brook. In fact, past dam breaches, such as the Staffordville 
Reservoir Dam Breach of 1877, have caused loss of life and 
significant economic destruction. Now CT DEEP requires 
that dam owners prepare an inundation map to identify at-
risk areas, and this process begins with a dam breach 
analysis.  
 
Our dam breach analysis is a conservative “wet weather” 
breach per CT DEEP requirements. This assumes the 
maximum storage volume behind each dam and the flow 
conditions of a 100 year storm event. In our analysis, all 
seven dams breach in succession. We also consider a road 
bridge that passes directly over the spillway of Riverside 
Pond Dam. During a major storm event, it is likely that the 
narrow constriction between bridge and spillway will clog 
with debris, causing the bridge to collapse due to horizontal 
loading, and instigating a catastrophic release of Riverside 
Pond. This dam breach analysis is performed in HEC-RAS 
(Hydrologic Engineering Center's River Analysis System), a 
software provided by the US Army Corps of Engineers. 
Inputs include elevation data, 100 year storm event 
forecasts, and dam and reservoir parameters. Ultimately, the 
two-dimensional unsteady flow model allows us to view the 
extent of floodwaters in the event of a catastrophic dam 
breach.  
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Our Senior Design Project involves a traffic study for the 
proposed UConn Hotel. The hotel is going to be constructed in the 
Mansfield Apartments area near the intersection of Storrs Road
and South Eagleville Road. It is set to have 100 guestrooms, ten 1-
bedroom extended stay apartments, a 90 seat-restaurant, a 40 
seat bar and lounge area, and a parking capacity in the range of 
300 spaces.

Taking all of these factors into consideration, we first 
conducted a traffic count at the intersection of Storrs Road and 
South Eagleville Road and along different points of South 
Eagleville Road during peak hours. We used the ITE trip 
generation manual in order to figure how many trips the hotel 
would generate once it is open. We analyzed the information using 
Synchro in order to predict average waiting queues and the level of 
service of each intersection. We designed traffic volumes on 
AutoCAD showing several different conditions.

We designed our suggested site layout for the hotel by 
using AutoCAD. We chose a site design that would allow the hotel 
to operate as efficiently as possible while not interrupting the traffic 
flow on South Eagleville Road. All the components needed for the 
hotel to operate had to be accounted for in the site design 
including parking, sufficient space for emergency vehicles to 
operate, a service road for delivery vehicles, and much more.

 Our goal for this project is for the town of Mansfield to
consider our findings and ultimately use our site design in the
construction of the UConn Hotel. By carefully considering each
aspect of the project, we feel that we created a design that would
be beneficial to the UConn community. The project is sponsored
by Fuss & O’Neill, located in Manchester, Connecticut. We thank
our faculty advisor Dr. John Ivan and sponsor advisors Matthew 
Skelly, PE and John Guzze for their advice and support through-
out the project.

. 

 

From left to right: Greg Castater, Tushar Gaddi,
David Walsh, Dave MacInnis III

Proposed UConn Hotel Traffic
Study 

TEAM: 7
SPONSOR: Fuss & O’Neill
ADVISOR: Matthew Skelly, PE

John Guzze
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Aldrich Construction Company is a general construction and 
engineering firm that specializes in new building construction and 
renovation of prefabricated metal buildings. As these buildings 
increase in age, the metal roof panels begin to rust and show signs 
of deterioration. Due to cost restrictions, many building owners opt 
to add insulation on top of the roof panels and then install a rubber 
membrane roof. This alteration adds approximately three pounds 
per square foot to the dead load on the roof. As of October 1st, 
2016, Connecticut adopted the 2012 International Existing Building 
Code. As a result of this, any work done to a roof structure is to be 
considered an alteration rather than a repair. The code states that 
for “any existing gravity load-carrying structural element for which 
an alteration causes an increase in design gravity load of more 
than 5% shall be strengthened, supplemented, replaced, or 
otherwise altered as needed to carry the increased gravity load.” 
Most building officials require a professional engineer to analyze 
the structure and submit documentation stating that this increased 
load can be sustained by the existing structure. Roof purlins, the 
focus of our study, have different strength ratings depending on the 
manufacturer and when they were built. In the case of older 
buildings where plans are not available, these buildings must be 
reverse engineered in order to determine their capacity. As of yet, 
many engineers cannot provide confident answers regarding the 
load bearing capacity of an existing roof.  
 
To aid in this, our team is using RSG Cold Formed Steel Design 
software to analyze the structural ‘z-purlins’. Purlins were chosen 
to analyze because they come in many sizes and are usually the 
structural component that is responsible for a roof failure. This 
software allows the user to replicate the purlin sections as 
observed by making up an as-built of an existing building or as 
found in purlin data sheets from the original building manufacturer, 
and then analyze the sections based upon the roof loading and 
building design. Two buildings recently built by Aldrich 
Construction, with known design loads and with a full set of design 
drawings, were used to explore the intricacies of the software and 
to fully grasp the many options available when analyzing these 
members. The analysis procedure was then replicated on two 
other older, existing buildings with unknown capacities for clients of 
Aldrich Construction. The end goal of this research is to publish 
our findings with a step-by-step outline of how engineers can use 
this software to determine the maximum loading capacity of 
existing structures. It is our hope that this will give engineers a 
valuable tool to ensure they have confidence in their 
recommendations when approving structural alterations to roofs. 
 

 

Qi Gu, Brian Dombrowski, Sarah Hayowyk, 
Daniel Boyce 
 
 
 
 

Z-Purlin Investigation 
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SPONSOR: Aldrich Construction Company 
ADVISOR: Connor Ligeikis, James Aldrich 
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The state of Connecticut is funding the design and construction for 
the Housatonic Railroad, a new bridge replacing an existing one-
hundred-year-old wooden structure over the Hollenbeck River in 
Canaan, Connecticut. It has been agreed that the railroad will allow 
up to nine continuous days of track outage for removal of the old 
span and installation of the new span, beginning on a Friday 
afternoon and ending on the second Monday. Track outages will 
also be allowed on a daily basis except for the passage of one train 
per day. The consulting firm of HW Lochner, Inc. has prepared 
detailed plans for a one-hundred-foot ballasted deck thru girder, 
including detailed construction staging plans, as well as a complete 
cost estimate for this proposed new bridge. 
 
Both the state and the railroad, however, would like to consider 
alternative bridge designs to determine if either the construction 
time or the total cost can be reduced. The project, therefore, 
involves performing a preliminary design for three alternate bridge 
types: an open deck thru girder, an open deck girder, and an open 
deck thru truss. A detailed design, including construction staging 
plans and a complete cost estimate, will be performed for two of 
the selected alternate bridge types. Both bridges will be designed 
for the same one-hundred-foot span and E-80 live load, and use 
the same abutments already designed by Lochner, except for any 
modifications that may be necessary because of different dead 
loads.  
 
A thorough site investigation will be performed to confirm existing 
conditions and identify all required permits, assumptions, and 
parameters. At completion of the project, MBNMS Engineering 
Solutions will be responsible for providing detailed calculations of 
the structural design, providing a set of detailed plans, 
specifications of materials to be used, and complete staging plans 
showing how the old bridge will be removed and how the new 
bridge will be constructed and placed on the abutments. All 
calculations and designs will be in accordance with the latest 
requirements of Chapter 15 (Steel Structures) of the American 
Railway Engineering and Maintenance-of-Way Association 
(AREMA) Manual of Railway Engineering. 

Replacement of the Housatonic 
Railroad Bridge over the 
Hollenbeck River in Canaan, CT 

From Left to Right: Nicholas Pedrolini, Michael 
Mawkinski, Stephen Hutchingson, Brody O’Brien, 
and Michael Esposito. 
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Thrall Hall is a multi-story building constructed by Ed Thrall starting 
in 1968, and continuing over the course of many years. This 
unique 20,000 square foot structure is located in the rural area of 
East Windsor, CT. Ed Thrall had a dream that he was able to bring 
to life, over 10 years he gathered all the materials he salvaged 
during his time working as a demolition subcontractor and single-
handedly brought this magnificent structure together. During and 
after the construction of the hall, Ed was constantly faced with 
unpleasant encounters with town officials, and inspectors. Ed was 
a very strong willed man and at times this landed him in jail. 
Problems such as the structure not being up to code, along with 
zoning issues lead to the hall to never have been opened to the 
public and condemned, which angered Mr. Thrall. After Ed’s death 
his daughter Janet and her husband Doug Moore took the 
responsibility to keep her father’s dream and history alive and to 
hopefully open this Historic Hall to the community.  
 
The objective of our Thrall Hall project is to solve issues that have 
been hindering the public opening of the historic, dance hall in East 
Windsor, CT. As a team we have been requested to aid in the 
design of a septic system that complies with the requirements of 
the Town sanitarian and also with the State of Connecticut 
technical and design codes, constructing an economical and 
space-efficient parking lot that will suit the potential number of 
guests. We also were tasked to modify the building to improve its 
fire safety, allowing safe egress, adequate alarm systems, and 
emergency lighting. The foundation on one corner of the building 
has sunk, leaving a crack in the foundation, and without 
remediation would continue to sink, causing structural concerns. 
To address this, our team designed helical piles, and worked with 
a construction company quote the design of helical piles, which will 
support the sinking corner in the future. Finally, our team will make 
some overall site improvements. These include new lighting 
fixtures, and organizing landscaping. This project would not have 
been possible without meetings and site visits from the building 
inspector, North Central Health District, Zoning Officials, the Fire 
Marshall, as well as Janet, and Doug Moore. 

 

   
 
 

 

Left to Right: Tyler Rudolph, Bryan Bakas, Laura 
Mateusiak, and Yijie Wu  
 
 
 

Design of a Septic System and 
Property Improvements of Thrall 
Hall in East Windsor, CT  
 

TEAM: 10 
SPONSOR: Janett and Doug Moore 
ADVISOR: Charles Elias, P.E. 
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The eight engineers of 4-D Inc. propose to build a parking garage 

for the St. Basil Greek Orthodox Church located in New Haven, 

CT.  4-D Inc. is a “Four-Dimensional” company composed of four 

main sectors of work:  Foundation Design, Structural Design, Site 

Design, and Transportation Planning.  This project presents a 

solution to the complication of the current parking lot as it does not 

provide enough spaces for the church goers and for additional 

members of the New Haven community.  
 
To determine what type of foundation to build for St. Basil’s parking 

garage, 4-D Inc. needed to analyze the present soil conditions on 

site.  Observing a geotechnical report, the Foundation Design team 

was able to analyze the results of a Standard Penetration Test to 

determine the ultimate bearing capacity of the soil as well as the 

height of the groundwater table.  4-D Inc. utilized a mat and line 

footing foundation. It has been determined that by compacting the 

existing fill and using a well-graded sand, this foundation would 

adequately support the structure dead load and added car loads. 
 
Decisions produced by the structures team relied heavily on the 

size and structure shape that would generate the largest return on 

investment. To optimize affordability and sustainability, this parking 

garage is designed to utilize precast concrete sections along with 

structural steel. 4-D Inc. worked to maximize the number of parking 

spots and design the ideal number of floors for this garage while 

meeting the demands of the surrounding area. Knowing the 

foundation criteria and estimated loading, the structures team was 

able to design a two-way ramp system that would maximize space 

on the lot, but would also allow for economic construction. 
 
 

Image 3: Two-way traffic ramp 

Image 2: Mat and line footing foundation 

Image 1: Current parking lot conditions 

 

Back: Tyler Brett, David Masse, Ryan Kennedy, 
David Linder, Front: Jeffrey McLamb, Erin 

Albrecht, Dominic Godi, David Verdis 
 
 
 
 

St. Basil Church Parking Garage:  
Foundation and Structural Design 
 

TEAM: 11 St. Basil Church Parking Garage 
SPONSOR: Spyros Condos 
ADVISOR: Amvrossios Bagtzoglou, PhD 
     John Ivan, PhD, PE 
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The eight engineers of 4-D Inc. propose to build a parking garage 
for the St. Basil Greek Orthodox Church located in New Haven, 
CT.  4-D Inc. is a “Four-Dimensional” company composed of four 
main sectors of work:  Foundation Design, Structural Design, Site 
Design, and Transportation Planning.  This project presents a 
solution to the complication of the current parking lot as it does not 
provide enough spaces for the church goers and for additional 
members of the New Haven community.  
 
The Site Design department of 4-D Inc. needed to analyze several 
aspects of storm water management.  On the exterior of the 
structure they explored progressive designs such as swales, rain-
gardens, and storm water detention ponds in order to handle the 
displacement of the groundwater and excess runoff. Within the 
structure, the catch basins were piped into a drainage main, to 
comply with standards. On the lowest level a sump pump was 
implemented to expel any water that may not flow out of the 
structure due to gravity alone. 
 
To solve the transportation issue that this project presented, 4-D Inc. 
analyzed two unique parking options. These plans were derived 
from traffic data collection that was carried out by the transportation 
team using digitized traffic counters and local garage parking 
surveys. The first proposed design was a modification of an existing 
traffic light, this design was ultimately rejected due to the expensive 
nature of altering existing traffic signals. The second alternative, was 
to avoid breaking the median on Church Street South, and therefore 
go with a right-in/right-out entrance and exit out of our garage. With 
proper signage, our users will be able to enter and exit the garage 
without critically disrupting the existing intersections in the area, 
while also being able to access I-91 and I-95 in a rather smooth 
manner. This design provides necessary access to major entrance 
and exit hubs into and out of the city, while keeping the integrity of 
the local streets near the church. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

Back: Tyler Brett, David Masse, Ryan Kennedy, 
David Linder, Front: Jeffrey McLamb, Erin 

Albrecht, Dominic Godi, David Verdis 
 
 
 
 

St. Basil Church Parking Garage: 
Site Design and Transportation 
Planning 
 

TEAM: 12 St. Basil Church Parking Garage 
SPONSOR: Spyros Condos 
ADVISOR: Amvrossios Bagtzoglou, PhD 
    John Ivan, PhD, PE 
dvisor name goes here 
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Image 1: Church Street South 

Image 2: CAD Drawing for Parking Garage 

Image 3: Parking Garage entrance locations 
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The Town of Mansfield, CT and the Mansfield Public 
Library have reached out to the University of Connecticut in 
anticipation for a future redesign of the library’s parking lot. The 
Town of Mansfield, CT expressed concerns over the existing storm 
water infrastructure at the site of the library. After consulting with 
both the Town of Mansfield and the library, the group discovered 
that along with storm water management, parking was also a 
pressing issue on the site. Additionally, the Windham Region 
Transit District (WRTD) would like to create a bus stop at the site, 
which would service their Storrs to Willimantic route. The site plan 
for the library has not been updated for some time, and did not 
account for a major addition to the building in 2001.  

 
The project includes both storm water management and 

site design plan for our proposal to the town library. Our services 
will now include a digital file of the site, a solution to the lack of 
parking, a proposal for a bus turnaround, and a storm water 
management plan. To minimize the impact of the built 
environment, two alternatives will be presented regarding both the 
parking and WRTD bus turnaround. The new bus stop, will allow 
some people to arrive by bus rather than by car, mitigating the 
demand for parking at the library. In order to aide with the public 
engagement process that is usually required for a municipal 
project, two alternatives would be good for stakeholders to choose 
in the public process.  

 
This project evolved from a storm water management plan 

to a comprehensive site design of the library. Our storm water 
management proposal will include low impact developments, most 
known as LID. This, along with our proposed plans for additional 
parking and the WRTD bus turn around, will provide the Town of 
Mansfield and the Mansfield Public Library with multiple options for 
any future site work done on the property. 
 

 
 
 

 
 
 

 
 

 

Edward Gill, Steven Matyi, Flannery Mackin, 
Hayden Clarkin  
 
 
 
 
 

Mansfield Public Library: 
Stormwater Management  
 

TEAM: 13 
SPONSOR: Town of Mansfield  
ADVISOR: Dr. Marina Astitha & Dr. Alexander 
G. Agrios 
 
 

TEAM GROUP PHOTO GOES HERE 
Photo should be a color, high resolution JPG 

and placed in THIS location shown by the gray 
rectangle. This box is to show you location 

and size only. Please delete it once you place 
the photo 

CIVIL ENGINEERING 



66

Sunny Acres is a local park in the Town of 
Mansfield, CT that is in need of several design 
enhancements to better manage stormwater runoff 
from existing parking facilities. The existing parking 
accommodations are inadequate and allow sand and 
other sediment from the currently unpaved facilities to 
washout onto Meadowbrook Road, causing problems 
downstream where sediment can build up on the street 
and in existing catch basins. Additionally, the current 
accommodations fail to provide locals sufficient parking 
capacity for larger events held at the park as well as 
dampen easy accessibility. 

 
To remedy the situation, our plan for the park 

consists of eliminating the existing dirt lot, paving the 
on-street parking spaces, and adding a new, paved lot 
off of the current access ramp. Grass seed and shrubs 
will be planted where the existing dirt lot is to enhance 
clean runoff and green infiltration under MS4 
recommendation. The new parking lot will be designed 
at the base grade of the park near the play scape and 
will provide locals with more adequate parking 
accommodations. In addition, there will be a subsurface 
stormwater detention system to trap the additional 
runoff created by the newly paved impervious surfaces, 
and allow it infiltrate into the soil beneath the lot. The 
stormwater detention system we propose will also be 
designed to accommodate the runoff from the tennis 
and basketball court that we suggest be removed and 
replaced by a single post-tensioned concrete slab that 
would be designed to capture runoff. 

 
The proposed design will greatly reduce the 

runoff created by the existing parking facilities as well 
as the sediment washout while also increasing parking 
capacity and improving overall accessibility to the park. 
 

 
 
 
 
 
 
 

Stormwater Management (Mansfield)
 

TEAM: 14 
SPONSOR: Town of Mansfield, CT  
ADVISOR: Alexander Agrios, Marina Astitha 
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Pictured from Left to Right: Michael Edmiston, 

Nick Greto, Matthew Roy, Rushin Patel 
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The Town of Mansfield requested a design to retrofit storm water 
management at the Mansfield Community Center (MCC) including 
storm water harvesting for reuse in the MCC swimming pool. The 
MCC site was assessed for existing stormwater infrastructure, 
which is limited to a catch basin network.  Based on modeling of 
runoff volumes and flows, we developed several alternatives for 
adding stormwater best management systems such as bioretention 
ponds and swales that will limit nonpoint source contaminants from 
entering aquatic ecosystems.  The stormwater treatment system 
complies with the new MS4 Town permit to control runoff and 
prevent pollution.  
 
An underground cistern and water treatment system was designed 
to reuse stormwater from the roof and produce water of sufficient 
quality to refill the swimming pool.  Roof runoff was tested for pH, 
metals, total dissolved and suspended solids, total organic carbon, 
and total petroleum hydrocarbons to assess potential water 
treatment concerns. An underground cistern sized to match the 
pool water demands will be placed adjacent to the MCC where it 
will collect any runoff after the first flush of rainfall.  The discarding 
of the first flush is meant to limit the collection of contaminants that 
have built up on the roof over time.  Water will be pumped from the 
cistern and treated on-demand to meet the water quality standards 
from the department of public health (DPH). The treatment system 
will incorporate sand and micron filters to rid the storm water of 
unwanted particulates, followed by disinfection by ultraviolet (UV) 
light prior to entering the MCC’s existing pool chlorination system. 
Rainwater harvesting at the Mansfield Community Center would 
lessen the strain on the water supply that is caused by the 
demands of the adjacent University.  It would support the Town of 
Mansfield’s pursuit of receiving the Sustainable CT certification, a 
statewide initiative to implement a variety of sustainability actions, 
specifically by improving watershed management. 
 
 
 
 
 
 

 Katie Main, Ben Burt, Ryan Latif, Chad Allen, 
Nora Syed 

 
 
 
 
 
 
 
 
 

Water Harvesting and Stormwater Plan 
for Mansfield Community Center and 

Mansfield Town Hall 
 

  
 

TEAM: CE 15 
SPONSOR: Town of Mansfield 
ADVISOR: Timothy Vadas  
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The Town of Mansfield currently spends over $46,000 per year on 
power generation for the town hall building. With dramatic cuts to 
the state and town budgets expected over the next few years, the 
town has asked for proposals regarding the design and 
construction of solar carports in the parking lot of the town hall. 
The engineering design team of CARD (Chris, Atta, Ryan, Dillon) 
Engineering Services has crafted a proposal of optimal power 
generation, minimal maintenance requirements, and noninvasive 
design. This proposal addresses and succeeds all client requests, 
including a quick return on investment, minimal impact in snow 
removal management and a visually appealing design. Most 
important of all, the cost efficient design generates hundreds of 
thousands in power generation savings and allows the town hall to 
be energy self-sufficient.  
 
The solar carport structures will be located in the south lot of the 
town hall, which is located in the front of the building (Figure 2). 
The system will generate 302,672 kWh per year, providing enough 
electricity to the town hall and parked electric cars. The same 
number of parking spots will be provided after the construction.  
The solar carports will consist of 90 solar panels each with seven 
supporting structural systems for a total of 630 solar panels. Each 
structure will consist of C-shape steel purlins, W-shape carrier 
beams and W-shape columns which will be bolted to square 
reinforced concrete foundations (Figure 1). Our team has designed 
the solar carport to yield a return on investment within 8-10 years. 
Designed for the Northern Connecticut climate, our structures 
reduce the disturbance from snow loads by utilizing snow guards 
to prevent damage to parked cars or pedestrians. CARD Services 
aimed to ensure our design model did not compromise the natural 
feel as well as the aesthetics of the area.  
 
This project helps the Town Hall save money by reducing electrical 
costs by $46,000 a year and also moves the town towards being 
more environmentally conscious. The town will effectively lower its 
emissions production by creating clean natural energy. With the 
decline in availability of finite natural resources such as gas, solar 
energy allows the town to have a sense of energy security. The 
town will then be resilient to rising electric costs and power scarcity 
should that occur in the future.  
 

 

 
Figure 1.  3-D Rendering of Solar Carports 

 
Figure 2. Site of Proposed Solar Carports 

 
Figure 3. Panel Supporting System:Top View (ft) 

 

From left to right: Atta Detome Henoun, Ryan 
Fitzpatrick, Chris Pawlowski, and Dillon Pepin Structural Design of a Solar Carport 

TEAM: 16 
SPONSOR: Town of Mansfield, CT  
ADVISOR: Dr. Shinae Jang  
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 A culvert located where Fishers Brook passes under 
Codfish Falls Rd in Mansfield CT needs to be replaced. This 
particular site is located on private property and has an existing 
beaver family inhabiting in the connecting wetland. The current 
double cell corrugated metal culverts exhibit substantial 
deterioration and damage. For example, one corrugated metal cell 
has been punctured from a tree root and both cells show 
significant levels of deterioration. Erosion has caused the 
protective lining to break away from the base of the cells. This has 
caused the exposed corrugated metal to corrode. The current 
system has also undermined the road that passes over the culvert 
resulting in a depression directly above the center line between the 
two culverts. The depression in the road has caused the asphalt 
pavement to crack and this damage to the roadway has become 
worse over time. In addition to deterioration of the culvert, the 
erosion of the roadway and culvert fittings have been greatly 
accelerated due to flooding caused by a beaver dam located 
upstream of the culvert. During large storms the beaver dam 
restricts the flow of water and directs runoff over the road.  
 Data related to the culvert and surrounding environment 
was gathered and analyzed. This includes, soil classification, traffic 
data, flood data, LIDAR modeling and aquatic organism passage 
considerations. From this analysis, the team decided to replace the 
current system with an open bottom precast double cell box 
culvert. A culvert of such type is resistant to erosion, allows for 
aquatic organisms to pass, is more stable and has a faster 
installation time. The flat top of this system will not cause the road 
above to sag. In addition to replacing the culvert, the road passing 
over the site will be raised to prevent storm runoff from forming a 
spillway.  
 The team has worked closely with town officials to make 
sure the culvert has been designed up to standard. Regulations 
and codes pertaining to construction process have been 
researched and implemented. The open bottom double cell box 
culvert has passed feasibility analysis and life cycle cost analysis. 
It will greatly improve the environment around it and will save the 
Town of Mansfield money over the course of its useful life.  
  

	
	

	

Team members from left to right: Samer Karar, 
Sarah Pellegrini, Alek Glogowski and Tyler 
Douglass 
 
 

Culvert Replacement, Codfish 
Falls Rd, Mansfield, CT 

	

TEAM: 17 
SPONSOR: Town of Mansfield 
ADVISOR: Christine Kirchhoff, Ph.D, P.E. 
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Our team was tasked with designing a culvert for Conantville Road 
in Mansfield Connecticut. The culvert is located at the intersection 
of Sawmill Brook and Conantville Road in a residential area behind 
the commercial intersection of Route 6 and 195.  The culvert 
allows the passage of water that originates from the Willimantic 
River and feeds directly into the Natchaug River. 
 
The culvert is nearing the end of its life expectancy and is showing 
visible signs of deterioration. For example, the concrete inserts and 
riprap surrounding the culvert show heavy signs of erosion and the 
corrugated steel pipe itself is corroding.  The steel pipe is rusted to 
the top of the waterline and has begun to leach into the water.  As 
the culvert continues to deteriorate it will lose structural integrity 
and the corrosion will negatively impact the environment. 
 
We have investigated the advantages and disadvantages 
associated with replacing the culvert with both another pipe-arch 
culvert and an open bottom culvert.  The open bottom culvert is 
more environmentally friendly and will have a quicker construction 
time, but the pipe-arch culvert is more economically favorable.  A 
hydraulic and structural analysis of each culvert has been 
performed to ensure they meet all relevant structural codes without 
altering the hydraulic output of the culvert, which could affect the 
function of sewer systems downstream. 

 
 

 

  

 

 

Team members from left to right: Ian MacDonald, 
Travis Busch, George Anastasas, and Pierre Fils 
 
 
 
 
 

Culvert at Conantville Road in 
Mansfield  
 

TEAM: 18 
SPONSOR: Town of Mansfield 
ADVISOR: Christine J. Kirchhoff 
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The town of South Windsor, Connecticut has a water pollution 
control facility which services the majority of the town as well 
as other surrounding areas. Proper day-to-day function of a 
treatment facility is imperative, as an incomplete treatment 
process will allow pollutants back into our rivers, causing 
environmental problems. The plant has been experiencing 
operational issues; specifically, the effluent spillway located in 
the aeration basin needed to be redesigned. The plant staff 
expressed their concern with the functionality of the channel, 
and they were seeking a long-term solution to solve the 
problem. The existing channel located at the effluent end of 
the aeration tanks was found to be extremely deep, which 
resulted in very limited flow rates as the water flowed through 
the channel. The limited flow at the bottom of the channel 
resulted in build-up of solid waste which settled to the bottom 
of the channel. This limits the effectiveness of the aeration 
process, because the settlement of aerated wastewater is not 
supposed to occur until the mixture reaches the final clarifiers, 
where solid waste can be properly removed and treated. If this 
is not the case, the result will be an overall reduction in the 
effectiveness of the treatment process, which depending on 
the magnitude may result in code violations, as well as 
environmental side effects. The goal of this project was to 
determine a long-term solution to this problem, which would 
eliminate the solid waste build-up in these channels and would 
last into the future until the treatment facility becomes eligible 
for its next upgrade. 
 
Analyses of site conditions were performed, and it was 
determined that as much as six to eight feet of sludge was 
built up in the channel, which itself is just over 12 feet deep. 
Research into ways to mitigate this occurrence was 
conducted, and it was decided that the most feasible solution 
would be to partially fill the channel with a fill material, thus 
reducing overall depth. Design considerations were made for 
options such as a concrete fill, and an aggregate base fill with 
a concrete slab on top. Both were found to be feasible options, 
however using an aggregate fill with a concrete slab would be 
more economical, so ultimately a design was created for this 
option. 
 

 
Group Members: 
Mike Royer, Xuesong Li, Andrew Poplaski  
 
 
 
 
 

Town of South Windsor Aeration 
Basin Effluent Channel Re-Design 
 

TEAM: 19 
SPONSOR: Town of South Windsor 
ADVISOR: Dr. Kay Wille & Dr. Guiling Wang 
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As part of the services the company provides, IBM runs a 
considerable number of applications that compile financial data for 
IBM’s internal accounting systems. It is vital that the data reaches 
the customer in a timely fashion, so the applications must 
constantly be monitored to ensure they are running as they are 
supposed to. The goal of our project was to facilitate this process 
by conceptualizing and improving operational awareness for IBM 
Financial Systems. In doing so, we help end users and application 
operations teams understand the overall state of IBM Finance 
critical applications and provide historical analytics and predictive 
analysis of key application execution. 
  
There are two main components to our system. First, a web-based 
application, hosted on IBM’s own Bluemix platform, in which the 
IBM team can view current and historical application processes in 
a user-friendlier environment. It is linked to a MySQL database that 
contains historical data and trends we have identified in the data. 
The IBM team will be able to see graphical data from any of the 
applications and compare currently running processes to previous 
instances of the job. This will help them identify inconsistencies 
and solve any potential issues the application is having. 
  
The second component is the notification system. Our application 
constantly monitors the currently running jobs and compares it to 
previous instances of said jobs. If it is discovered that an 
application is running, or going to run, longer than it normally 
would, then a message goes out to IBM’s slack channel that alerts 
them of the issue. The goal of this piece is to eliminate the need for 
an IBM employee to constantly monitor the applications 
themselves. 
 
We hope that with our system in place, IBM will not only be more 
efficient, but more productive as well. By automating the 
monitoring job, we free up employees’ time and allow them to 
focus on other tasks.  
 
 

From left to right: Tom Cowles, Merlina Escorcia, 
Samuel Pramer and Austin McKay 
 
 
 
 
 

 
IBM Operational Awareness 
 

TEAM: 1 
SPONSOR: IBM 
SPONSOR ADVISOR: Michael Russo and Peter Kidwell 
FACULTY ADVISOR: Dr. Dong-Guk Shin 
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Within nearly every company, there exists some tasks that are 
repetitive and rote, yet are necessary and critical for the function of 
the business. One such task within IBM’s Tax and Treasury 
Departments is the Sabrix Exchange Rates process. Currently, a 
team member manually downloads an exchange rates file, 
manipulates data within that file, and uploads the modified file to 
IBM’s Sabrix Tax Database. While the process takes about 30 
minutes manually, if automated, human interaction would no longer 
be required, minimizing human error and guaranteeing a 
successful completion even in employee absence. 
 
The team has automated the Exchange Rates Process using Blue 
Prism’s Robotic Process Automation (RPA) software. Blue Prism 
functions as a platform to automate repetitive processes such as 
the Sabrix Exchange Rates process. Using this RPA, the process 
has been modulated into small, distinct sections to simulate how a 
human might go about downloading, manipulating, and uploading 
the Exchange Rates file. To do this, the applications used to 
complete the process are carefully analyzed so they can be 
completed successfully by the robot. These applications include 
IBM Boulder, Microsoft Excel, and Thomson Reuters Sabrix Tax 
Solution. A completely developed robot can run the process on its 
own, allowing IBM employees more time for pressing matters. In 
addition, the work completed for this robot will lay groundwork for 
future automation projects within IBM Tax and Treasury. 
 
With a vast amount of information dispersed across multiple 
sources, it can be difficult and time-consuming to find answers to 
simple questions. One remedy for this is a chatbot that hosts all 
relevant information for a given subject. The goal for IBM’s Tax 
and Treasury Department’s Tax Chatbot is to utilize the cognitive 
tools of Watson to consolidate tax information and simplify the 
process of answering relevant questions. 
 
To complete this project, the team utilized the Watson 
Conversation, a service combining machine learning, natural 
language understanding, and integrated dialog tools to create a 
Tax Chatbot, hosting a hub of tax information to be utilized by tax 
professionals within IBM. The project’s goal is to integrate external 
data sources such as databases and unstructured documents with 
the dialog flow to create a simple conversation between the user 
and the chatbot.  
 

 From left to right: James Howe, Naagma 
Timakondu and Jason Barry 
 
 
 
 

Sabrix Exchange Rates Automation 
and Tax Advisor Chatbot 
 

TEAM: 2 
SPONSOR: IBM 
SPONSOR ADVISOR: Debra Latsch 
FACULTY ADVISOR: Dr. Dong-Guk Shin 
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Comcast Corporation is a global telecommunications conglomerate 
for broadcasting and cable television and is a large proponent of 
home automation. Comcast’s home automation service, Xfinity 
Home, makes it simple for consumers to create a security and 
home automation system.  
 
Many devices can be incorporated into Xfinity Home; some of 
these devices and sensors have strong identities and a hardware 
root of trust but many do not. In addition to the inherent 
vulnerabilities related to the architecture, both the reliability of 
devices along with the ability to trust changes made to the system 
are of utmost importance. To improve upon the method of device 
management within a home automation and security system like 
Xfinity Home, this project offers a blockchain-based solution.  
 
A blockchain is made up of a series of blocks that encapsulate 
both data and a pointer to the previous block, which are chained 
together with a cryptographic signature. The data contained within 
each block can store events that occur within a certain period of 
time. This allows the blockchain to form a ledger of the system. 
 
The Ethereum platform consists of a network of nodes, each one 
maintaining their own copy of the blockchain. The blockchain 
achieves consensus among nodes through its protocols: all 
updates to the blockchain are broadcasted to the entire network 
and all nodes reach an agreement by the criteria specified in said 
protocols. Ethereum also protects against both packet loss and 
adversaries attempting to engage in its protocols; dishonest users 
cannot change the history of a system without subverting a 
majority. As all nodes have a copy of the records, this distributed 
architecture is fault-tolerant. 
 
Within the prototype, users can interact with the blockchain 
through a basic GUI on the master tablet of a home automation 
system. When a user attempts to add or remove a device, it must 
first be verified by the admin as a valid transaction. If the 
transaction is deemed to be valid, the new node is either created 
and added to the blockchain, or removed from the blockchain, and 
the transaction is broadcast to the community. Once verified, the 
ledger updates accordingly. Without proper verification, the 
integrity of the blockchain is maintained. 
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Nowadays, multimedia resources have become increasingly rich 
and heterogeneous in both home networks and on the Internet. To 
provide fast and efficient retrieval on those video and audio 
contents, a search engine plays an important role to connect users 
to those resources. For instance, with Comcast’s platform X1, the 
search engine allows the users to access the Comcast databases 
of video titles for linear and Video On Demand (VOD), plus the 
contents available on Netflix. Comcast wishes to expand the 
access of the search engine to even more sources. In a 
competitive market, many alternative sources of video and audio 
contents are desirable as well. These data sources include those 
from the other content providers, including Hulu, Amazon Video, 
Sling TV, PlayStation Now, YouTube TV, Fire TV, Apple TV, 
Chromecast, Roku, and those from the equipment in the users’ 
local home networks, including home DVD carousels and NAS 
drives.  
 
This project aims to improve the user experience when searching 
for video and audio contents, by allowing the users to search 
multiple sources from a single interface, and display the search 
results effectively. To this end, the project develops a search 
engine based on open API to support video and audio searching 
from different data sources. It also provides a user-friendly 
interface on Android devices to display the search results, 
including meta-data for the content it locates but also links to play 
this content. 
 
The prototype developed as a video and audio search app can 
search data sources on the user’s home network, as well as 
YouTube. This is achieved by: 
•Development of the application with a uPNP API that is able to 
load and display data through the user’s home network. 
•Integration with YouTube’s APIs that provides the capability to 
search and display the YouTube video. 
•Development of a database on Amazon Web Service (AWS) that 
store the users’ profiles and history search results. 
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Natural language processing (NLP) is a field of computer science 
that intersects with linguistics and artificial intelligence. Although 
NLP has a history dating to the 1950s, recent advancements in 
machine learning (ML) and neural networks (NNs) have led to 
huge growths in NLP, allowing exciting new technologies like AI 
assistants and advanced spam detection. In our project, we use 
the NN-powered NLP library spaCy and the ML library Keras to 
automatically process software test cases so that they can be 
executed by CGI's test automation tool, TestSavvy. 
 
A software test case is composed of a list of human-readable 
natural-language test steps. Test cases are executed to ensure the 
proper behavior of an application after modifying the codebase. 
Consider this example test case, with four test steps: 
 

1. From the login page, enter "TestSavvy" into the 
username field. 
2. Enter "hunter2" into the password field. 
3. Click "login". 
4. From the main page, click log out. 

 
Within TestSavvy, each step is associated with an action and the 
object that the action is performed upon. Each step could also be 
associated with data, and may have a parent (the page on which 
the step is performed). Consider the step "Enter 'hunter2' into the 
password field. 'Enter' is the action, 'hunter2' is the data, 'the 
password field' is the object, and the parent of this step is 'the login 
page' (acquired from the previous step). 
 
Real-world test cases can have hundreds of steps, and large 
companies run thousands of test cases with each iteration of their 
software. Manual execution is inefficient. CGI's TestSavvy is an 
application for the creation and automatic execution of test cases. 
Programmers must manually convert their existing natural 
language test steps into TestSavvy's input format. This is a time 
consuming process, and is desirable to automate. 
 
NLP was identified as a technology that allows us to automate this 
process. Our intended final product is a custom neural-network 
powered application that can take a test case (a list of test steps) 
and return a matching tuple of the format 
(action,data,object,parent) with a high rate of accuracy. 
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The Logicbroker chat bot simplifies communication between 
retailers and suppliers of products. Normally a store retailer 
receives products from many different suppliers and must 
communicate with all of their different APIs. Similarly, a supplier 
may ship items to many retailers and must communicate with all of 
their APIs. Logicbroker acts as a middleman, enabling both 
retailers and suppliers to communicate with only one API, the 
“Logicbroker Commerce API.” This API allows clients to 
communicate through the entire order lifecycle with any partner 
using one connection endpoint. Regardless if the supplier or 
retailer sends orders in EDI, XML, CSV, or JSON the same format 
will be consumed, allowing for seamless integration without having 
to worry about custom formats or different connection points. 
 
The main purpose of this project is to provide Logicbroker’s supply 
chain information to customers in a way which simulates human 
interaction, rather than a standard web page which displays data. 
The bot utilizes the natural language understanding of the LUIS 
API to achieve this. 
 
The bot works seamlessly across the Cortana, Skype, Slack, and 
Facebook Messenger platforms. It uses the existing Logicbroker 
API to retrieve data from the Logicbroker backend system and the 
LUIS API to interpret different phrases and actions that a user 
might input. Communication combines both user controls and 
natural language in order to guide users on effective operation of 
the chat bot. 
 
The chat bot, pictured left, is created with the Microsoft Bot 
Framework on top of the Node Framework in JavaScript. A SQL 
database is used to store user data and remember where a 
conversation left off. The Azure cloud platform, connected to 
GitHub where our code is stored and run through continuous 
integration tests, is used for continuous deployment across all 
messenger platforms. Machine learning is implemented through a 
combination of the LUIS API and information stored in the SQL 
database to create a seamless experience for the user, simulating 
a fluent conversation.  
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Our sponsor, Pitney Bowes, provides a wide range of commerce 
and mailing services to its clients, including auto-mailing and 
shipping solutions.  Their processing centers assemble thousands 
of pieces of mail every day, on a variety of machines. As with any 
complex mechanical operation, jams and other errors regularly 
require the running machine be stopped and examined to correct 
the problem.  A range of data regarding these machine stoppages 
is recorded in a database file, including fields such as the machine 
on which the stoppage occurred, details of the job running at the 
time, time of stoppage, and elapsed stoppage time. Given this 
massive database of machine stoppage records, a solution could 
be developed to analyze stoppage data with respect to each 
machine and hopefully identify some predictable signs of required 
maintenance. 
  
We were tasked with helping Pitney Bowes with statistical analysis 
of stoppage data to identify potential causes underlying issues. 
Our first course of action was to look at the raw error logs and take 
note of anything that seemed irregular or noteworthy. Some of 
these irregularities include immediate stoppages, and error codes 
that occur much more frequently than others. We identified 
relevant languages like R and SQL that would be useful for 
analyzing, visualizing, and altering large tabular datasets. 
 
We were provided information on the physical machine 
configurations which showed where each device is located in the 
machine "pipeline". This allowed us to make inferences on which 
downstream errors correlate with upstream errors. Using the 
historical data, we were able to identify errors that could be related 
to the gradual degradation of the machine devices. We also were 
able to determine which errors could be a result of material 
variations in the jobs the machines were running.  
 
This project’s goal is to provide someone on the floor an 
automated way to identify deviations from normal machine 
behavior. When provided with a history of machine operational 
errors, our tool aims to identify irregularities recorded in new 
datasets. It also does its best to establish likely causes. 
 

Inferencing Based on Machine 
Stoppages 
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Business Process Model and Notation (BPMN), depicts the tasks 
and execution of processes in which data is transferred between 
different users or departments. More simply, it’s a type of flowchart 
diagram specifically used for business processes that is analogous 
to a UML (Unified Modeling Language) diagram for software design. 
Businesses are delving into the use of BPMN workflows to establish 
a common ground between business analysts and developers. This 
allows business systems to be tailored to specific customer needs 
more efficiently. 

 
While workflows can be beneficial to the organization and efficiency 
of a business, lack of correctness and existing errors can cause 
more harm than good to a company that tries to implement them. 
The purpose of this project is to help those using BPMN models to 
more accurately develop and test their processes. This helps to 
more efficiently and effectively implement new business strategies. 

  
This is challenging since our goal is to develop a methodology that 
is flexible and can be easily generalized. A process in BPMN can 
contain many tasks, making it difficult to pick up exactly where the 
error is coming from. In addition, correctness could mean different 
things for different processes and the pre and post-conditions of the 
tasks within the processes could vary. Coming up with a way to 
ensure correctness in all BPMN processes is just one of the 
challenges we face. Another challenge is making sure that the 
process does what it is supposed to. For a task to run properly, the 
program developed to carry it out must also be correct. This can be 
difficult to accomplish when the task is not clearly and concisely 
described to the person writing the program for a given task. There 
must be a clear understanding between the developers and 
stakeholders with regards to the requirements and actual outputs of 
the program. 

  
Our approach is to create a methodology in which the workflows can 
be monitored and corrected to guarantee that the processes are 
operating properly. Correctness within a workflow entails that each 
task is completed within certain parameters. In order to achieve this, 
we monitor the program using pre and post conditions for each task. 
If a task is not completed within certain parameters, then there is an 
error. Everyone makes mistakes and our intent is to help reduce 
these errors. To demonstrate our project in a concrete setting, we 
focus on BPMN models in mailing processes such as those 
associated with Pitney Bowes. To model and execute BPMN 2.0, 
we work with Camunda which is an open source platform that 
provides powerful tools and comprehensive modeling of business 
processes with ease. 
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There are more than 1 million joint replacements per year in the 
United States, according to the AJRR 2016 report. With the aging 
population, the number of replacement surgeries is expected to 
rise so there is a need for efficient communication and data 
organization between healthcare providers and their patients to 
ensure successful recoveries. After the replacement surgery, 
patients must meet regularly with their physiotherapist to regain 
their strength and mobility. The physiotherapist selects exercises 
for the patient to do at home. From metrics like strength, pain, and 
range of motion, the physiotherapist can assess the patient’s 
progress and adjust the exercises accordingly. The patient will 
continue advancing through exercises for several weeks until 
recovery. In order for this procedure to be successful, efficient 
patient-provider communication and accessible resources are 
essential.  
 
 
Arthronix is a new web and mobile application available for 
physical therapy patients and providers, respectively. It is intended 
to support patients with their treatment plans through better 
connection and information exchange with their healthcare teams. 
It serves as a hub for resources that address patient concerns pre 
and post-surgery in a concise manner. This enables patients to 
learn more about their procedure which helps them gain 
confidence in recovery. Arthronix also allows patients to watch 
exercise videos at their own pace and provides patients with 
encouragement to meet their goals. Patients benefit from an 
organized and easy to use exercise plan. Additionally, Arthronix is 
a tool for healthcare providers to better manage their patient 
population and improve outcomes. It organizes the provider’s 
patients in a way that effectively visualizes their progress. The 
physiotherapist can use the app’s metrics to assess a patient’s 
progress and tailor future exercises accordingly. Arthronix provides 
efficient communication and organized metrics that allow for 
invaluable collaboration and motivation in reaching healthcare 
goals.  
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According to the National Aging in Place Council, “Aging in place is 
a term used to describe a person living in the residence of their 
choice, for as long as they are able, as they age.” For many 
seniors, maintaining freedom in their own residence is the most 
desirable option, but is not always the most practical. As a person 
ages, maintaining their own residence creates many personal and 
logistical challenges. Simple tasks such as grocery shopping, 
errands, driving, staying in touch with friends and family, and 
getting to doctor’s appointments on time may become difficult. This 
diminishes an aging person’s quality of life. 
 
As a global health services company, Cigna may be able to utilize 
emerging technologies to aid customers who are aging in place. 
This would allow a person to remain in their chosen residence 
longer, manage their health more easily, maintain their quality of 
life, and potentially avoid a costly relocation to an assisted living 
home. The best way to reduce costs while improving quality of life 
is to try to give a person who is aging in place some of their 
independence back by allowing them to stay at home. 
 
The senior design team collaborated with Cigna to provide a 
solution that allows those aging in place to easily and more 
effectively communicate with caregivers and family. The solution 
employs a natural language interface capable of recognizing 
human speech and provides clear responses in a pleasant, 
human-like voice. No complex computer or cellphone interaction is 
required, and the solution requires little or no training. 
 
The mission of Project Independence is to enable seniors to 
intuitively communicate needs to their caretakers through a 
communication portal, as well as aid coordination of services 
among caretakers. A senior will use a voice activated assistant to 
communicate these needs, and caretakers will use a portal to view 
and claim responsibility for them. A common problem for 
caretakers is the need to touch base with other people who care 
for the same senior. Our goal is to ease these efforts and eliminate 
time spent coordinating services by providing an application that 
centralizes these communications. Project Independence seeks to 
close the communication gap between a senior and their 
caretaker. 
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The use of virtual machines has become increasingly common for 
companies over the years. Determinations regarding the status of 
these systems are essential for ensuring effective management of 
a company's IT infrastructure. To aid in this fundamental task, 
software for computer system monitoring is often utilized. Our 
sponsor, Fidelity Investments, has given us the opportunity to 
develop a system monitoring web application that has been 
tailored to their specifications. The monitor uses data collected 
from virtual machines or physical systems to show trends and 
make predictions regarding the health statuses of the monitored 
systems. For instance, if the CPU usage of a machine is 
continually increasing, the software will determine whether an alert 
should be generated so that any predictable issue can be 
addressed. 

 
Our system monitor is a web-based application built with Node.js 
and Angular using a JavaScript library called Highcharts for data 
visualization. A combination of InfluxDB and MySQL was used for 
storing time series data of system metrics and aggregate data for 
predictive analysis. These technologies allowed us to create a 
seamless, nearly single page experience that is visually pleasing 
and highly functional, avoiding some of the shortcomings we had 
found in other available monitors. The central navigational element 
of our user interface is an interactive heat map showing the overall 
health of each machine. Through this, users can access individual 
charts for several system metrics of the selected machine. A data 
table is also available as an alternative for users who prefer raw 
data over the heat map representation.  
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OTIS Elevator Company leverages technology to improve the 
efficiency of elevator maintenance. A huge portfolio of supported 
repair requests is currently employed to provide customers a 
pleasant experience when riding inside an OTIS elevator. The call 
button panel, being the first and only interface when choosing a 
desired floor, is a high priority maintenance request. When a floor 
indicator button does not illuminate after pressed, the passenger is 
immediately aware. As it stands today, maintenance workers wait 
for messages from elevator owners regarding operating panel 
defects. A system is needed to automatically alert maintenance 
workers of specific interface failures. Such a system benefits both 
repair maintenance workers and customers by providing more 
timely and cost-effective solution. 
 
A call button inside an elevator is presented with a significant 
amount of damage and abuse over its lifetime. Natural conditions 
such as sporadic temperature changes cause defective circuitry. 
Without costly components embedded inside the operating panel, 
it is difficult to detect the failure of a button. Utilizing a small in-car 
camera faced at the operating panel to detect a button’s LED 
failure is a low-cost alternative. The main challenge is composed of 
identifying flickering and partial illuminated states captured from 
images at an angled position. Low-grade cameras with small 
lenses, despite high definition resolution, do not capture the 
required details for easy detection of error. 
 
Our solution employs a number of image processing algorithms to 
filter out potential alterations in call button LED brightness levels. 
The aggregation of these advanced algorithms provide an 
indication of error with high probability. This solution has been 
extended with additional feature identification to check overhead 
lighting health in the cab. The Python programming language was 
chosen with open source image processing libraries to optimize 
performance on a low-powered Linux platform. 
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The prevalence of smartphones has created new opportunities for novel 
applications to improve the quality of our lives and work. In this project, we 
work with Knocking® to leverage the power of smartphones to revolutionize 
the sales rep performance tracking. Knocking® Geo combines geo tracking, 
reporting and analytics to bring a new level of measurability and efficiency to 
potential sales teams around the world. 
 
The primary purpose of the Knocking® Geo system is to help the sales 
manager’s track, manage and reward their sales representatives based on 
their reps productivity around customer visits – such as visit dates, times, 
frequency or duration.  
 
Users use two interfaces to interact with the Knocking® Geo system. A sales 
representative using the app will primarily use a “Check In” functionality when 
visiting a customer. Using the geolocation functionality common in 
smartphones, the location of the customer is automatically detected and 
stored along with the duration of the sales visit. Sales representatives can 
further share and store notes about the customer visit, which is readily 
available for viewing next time the sales rep prepares to make a stop at the 
customer’s location. From the back-end of the system, managers are able to 
view all of the collected data by the sales representative or team, and are able 
to assign a target list of future customer meetings to a given team member.  
 
We developed the Knocking® Geo mobile application in Xcode with Swift 4.0 
and the app is available on iOS version 11.2. Apple’s Xcode software provides 
an easy-to-use interface to develop iOS applications and allows for quick 
interface changes, which is necessary to adapt the app for future users. The 
backend is handled through Google’s Firebase, a cloud based all-in-one 
solution, providing databases, user authentication, and cloud computing. 
Through Firebase, we can use Google’s cloud computing interface to do most 
of the computations outside of the app to keep it as light and responsive as 
possible. 
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Stanley Access Technologies is the leading manufacturer of 
automatic pedestrian doors in North America. Some of their 
products include sliding, swinging, revolving, and folding doors. 
Faults may exist in a sensor, motor, or wiring, and may not be easy 
to troubleshoot. Technicians who attempt to fix these faults often 
need to work in a crowded space of the header, where the door 
components and wires can make that very difficult. The purpose of 
our project is to develop a system to diagnose problems in the 
automated door systems. This system will run many tests through 
an Android application and give the technician using it a 
recommendation of what to fix and replace. Students majoring in 
CSE and ECE are working jointly to develop a microcontroller that 
will communicate directly with the android app. A solution 
implementing machine learning concepts will be used to diagnose 
any issues with the doors. 
 
We have been given the number one selling automatic slide door 
in North America, the Dura-Glide slide door system, to perform our 
tests on, and an Android device with current testing application 
installed to assist us. Our system will ideally interface with the Door 
Control Units of the doors, which act as the central “brain” of the 
systems. Our system will either piggy-back on the signals to the 
DCU or completely intercept them. This would allow our system to 
monitor the signals during operation and detect anomalies or take 
control of the outputs and inputs to force specific states of the 
system. We will be altering the current troubleshooting function 
within the application to make it easier for technicians to use. 
 
To accomplish our task, we will implement some machine learning 
concepts. The ECE members of our team will figure out how to 
produce usable data from the automatic doors, and the CSE 
members will take this data and generate a diagnosis for the 
issues present in the door. 
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Our goal is to understand and implement reinforcement learning 
when applied to a board game. Reinforcement learning is a type of 
artificial intelligence where the AI agent learns by interacting with 
its environment and is not supplied with training data. The AI agent 
learns by evaluating its current state and choosing an action that 
will maximize a numerical reward signal.  
 
Two distinguishing features of reinforcement learning are trial & 
error search and delayed reward. Reinforcement learning also 
focuses on considering the whole problem, rather than solving 
immediate sub-problems. This allows for a more complete and 
goal-seeking agent. Trial & error search means the agent 
discovers which actions yield the most reward by testing various 
possibilities. These actions not only affect the agent’s immediate 
reward, but also delayed reward which encourages the agent to 
think more long-term. The agent must balance between greedy 
and exploratory moves. The greedy move guarantees a good 
move in the short term but the exploratory move might allow the 
agent to learn more and be helpful long-term. 
  
There are three main elements of a reinforcement learning 
problem: the policy, reward function, and value function. The policy 
defines a mapping from the perceived environment state to the 
best action to take within those states. The reward function defines 
the goal of the problem and maps each perceived state and action 
pair to a corresponding reward. The desirability of the state is 
identified by this reward, which is maximized by the agent in the 
long run. The value function specifies the total rewards expected at 
each state. When making a decision, the agent should be more 
concerned with values rather than immediate rewards. 
  
We applied reinforcement learning to the board game Gomoku. 
Gomoku is played by two players on a 19x19 board and the 
objective of this game is get five pieces in a row before your 
opponent. The large game board meant that we could not simply 
map each state with its best possible action and had to instead 
devise an approximation value function. In the fall semester we 
focused on developing this function in Python3. In the spring 
semester we moved on to solving this problem via deep 
reinforcement learning which employs the use of neural nets and 
the TensorFlow library.   

 From left to right: Jared Gruneiro, Michael Wynne, 
Parker Timmerman, Mya Rios, Shruti Alavala and 

Hannah Reed 
 
 
 

Implementation of Board Game 
AI with Reinforcement Learning 
 

TEAM: 15 
SPONSOR: UConn CSE Department 
FACULTY ADVISOR: Dr. Yufeng Wu 
 
 

COMPUTER SCIENCE & ENGINEERING 



88

A Smart Home is a system where a number of Internet of Things 
(IoT) devices are linked together via a central server and can be 
remotely controlled to provide smarter and more efficient 
experiences. Various smart devices and systems already exist in 
the market and have become more common in households. 
However, these implementations have not yet been applied to 
large-scale commercial use. This is because these smart systems 
are often outside of a feasible price range and lack full support for 
devices that don’t connect to a wireless network. The goal of our 
project is to correct these faults by developing an affordable, all-
encompassing smart system for implementation in hotels. Hotels 
are ideal for a system like this, as multiple rooms and buildings can 
be controlled from the same server, while standardizing equipment 
across chains and making our product easier to adapt to new 
technologies. Hotels will also have the opportunity to select which 
IoT devices they need, in order to customize their system for 
optimal price, and functionality. 
 
The idea is for customers to use a mobile application in order to 
control their hotel room for the duration of their stay. The mobile 
application will communicate between the central server, 
management, and the guest’s room in order to satisfy requests. 
These requests can vary from controlling doors, televisions, 
shades, lights, thermostats, and other devices to ordering room 
service, and communicating with hotel staff. 
 
Additionally, a management web-application will be created so that 
the hotel administration can monitor requests for room service or 
maintenance, and configure the system quickly without the need 
for an outside service. We will utilize affordable technologies in 
order to reduce the cost of implementation for hotels, without 
compromising the modular aspects of the system such as the IoT 
devices in each room. To achieve this, each room will be outfitted 
with a Raspberry Pi running a Python server, and will include IoT 
devices such as Wi-Fi enabled light bulbs, switches, and shades. 
Interfaces can also be created between the Raspberry Pis and 
non-IoT products that are already installed in the rooms. 
 
Ultimately, our system will allow hotel guests to control their smart 
hotel rooms remotely, thereby improving their experience while 
being affordable and profitable for the hotels themselves. 
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We made a literate programming system called “AlgViz” (for 
“Algorithm Visualization”), the purpose of which is to generate 
pictures of data structures.  The main use of AlgViz is to make 
images to accompany formatted code blocks in a Markdown 
document.  For each supported programming language, AlgViz 
provides macros that allow a user to take “snapshots” of the 
objects in their code during execution.  Then AlgViz can draw the 
data structures captured in those snapshots.  AlgViz supports 
standard data structures including arrays, trees, and graphs. 
 
The most powerful feature of AlgViz is its ability to capture and 
illustrate snapshots of user-defined data structures.  Naturally, this 
requires the user to implement simple APIs that allow AlgViz to 
take snapshots of the custom data structures.  These APIs are 
quite flexible.  For example, it is easy to make AlgViz interpret an 
integer literal as an array of bits or interpret an array as a binary 
tree. 
 
An AlgViz input file contains code blocks, configuration, and 
specifications for images, mixed with arbitrary document text.  The 
output of AlgViz is a similar file, but with SVG images associated 
with the specifications and with the text preserved.  Another AlgViz 
tool can then finalize the document by removing all AlgViz-specific 
content and leaving only the images, the document text, and 
selected code blocks.  (AlgViz macros within the code blocks are 
omitted from this output by default.)  Thus, AlgViz can be used to 
incorporate images into Markdown documents but could be also 
used to enhance other markup languages or literate programming 
systems. 

 From left to right: Jonathan Homburg, Eyal Minsky-
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Geometry is a field of study that focuses on the arrangement of 
shapes. A key component of geometry is a visual representation of 
the relationships between points, lines, and planes. Individuals can 
better learn the subject matter when the connections between 
visuals and text are clearly expressed. Therefore, the goal of our 
senior design project is to design and implement a software tool that 
allows anyone to transform text that is rich in geometric content into 
an informative visualization. In order to accomplish this, we decided 
to create both a markup language and a way to turn this markup 
language into the corresponding visualization. The user should be 
able to create arbitrary geometric figures, potentially even figures in 
three dimensions, using our markup and generate a representation 
that they could include in things like websites, academic papers, or 
documentation. As such, we have tried to make design decisions 
that allow for our codebase to be flexible and easily modifiable as 
we anticipate the code changing quite dramatically during the 
development process. 
  
One of the most widely known standards for teaching geometry is 
Euclid's "Elements." Although the initial motivation for the project 
came from a desire to construct a robust and powerful markup 
language that can be used to create a modern, interactive version 
of Euclid's Elements, we quickly recognized the potential for this tool 
to be used for a diverse range of geometry-heavy markup projects 
and have since kept that broader perspective in mind when making 
our design decisions. Nevertheless, the text of the Elements has 
continued to be an essential resource for testing the ability of our 
software to support different types of geometric entities and 
relationships. 
 
We have created a markup language that is capable of representing 
various geometric objects, as well as a parser written in Python. This 
parser turns our markup into HTML which can be viewed in the 
browser. We have a publicly facing website, https://youclid.github.io, 
which contains our documentation, discussion of design decisions, 
as well as links to several examples. Our future goals include trying 
to create representations for three dimensional objects, as well as 
an interactive version of Euclid's Elements. 
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Several tools exist designed to help kids program using drag and 
drop style virtual blocks to make programs. Today, Scratch from 
MIT and Lego Mindstorms are popular methods of teaching 
children how to program. Block Programming with Real Legos 
aims to teach kids fundamental coding concepts, while 
encouraging creativity and reducing screen time. Kids stack Legos 
on top of each other to create programs to control a robot. The two 
applications the project is designed for are instructing the robot to 
solve mazes and draw pictures. Building these programs will teach 
kids about sequencing their code, loops/iterations, and 
creating/calling functions.  
 
The team developed a syntax for programming with Legos, 
implemented a backend language to represent the Lego 
programming, trained computer vision accurately enough to 
distinguish between different components of the code, and 
designed a product that will truly be enjoyable for children. 
 
To help introduce the language to kids, the team also developed a 
curriculum with lessons plans to walk a child through the basics. 
The curriculum slowly builds up a child's knowledge base while 
developing confidence in them to create more complex programs. 
Once the child has completed the curriculum, they should feel 
confident enough to create whatever programs they can imagine. 
 
The user builds a program out of Legos following the syntax of our 
language. Once they are satisfied with their program, they will use 
a camera to take a picture. This picture will be sent to our 
computer vision library on the operating system of the Mindstorms 
robot. OpenCV is the computer vision framework used in this 
project.  Classifiers were trained to learn the syntax of the Lego 
language. When an image is imported to OpenCV, the classifiers 
broke down the image and output each ‘line’ of code, resulting in a 
LOGO-recognizable program. LOGO is an educational 
programming language known for its use in turtle graphics. This 
code will then be sent to the robot, which executes it and performs 
the task the user desires, assuming there are no bugs.  
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With the advance of networking technology, communication has 
become a major systemic activity in the field of distributed 
systems. In a network with a central server processing read and 
write requests from several client machines, there exists a single 
point of failure that can bring the system down, the central server. 
Redundancy of data over multiple servers is the only way to 
guarantee availability, however it presents challenges with 
consistency. The client trying to read data, can consult all servers 
on the network to identify the newest value, but this approach is 
very inefficient and not fault-tolerant as it assumes that all servers 
are available. With this in mind, we explored a distributed shared 
storage/memory model for a network with single and/or multiple 
writers. In this project we developed an implementation of shared 
readable and writeable objects in message-passing systems that 
provides resiliency and consistency when the underlying 
distributed platforms are subject to processor failures and 
communication delays. This implementation of shared objects 
ensures the atomicity of data, despite failures of some nodes 
within the network 
 
The algorithms we use, ABD and Oh-SAM [1], provide atomic, 
distributed data storage across unreliable network channels. These 
algorithms provide reliable and fault tolerant data storage through 
quorum-based voting to retrieve the latest version of the data. Both 
algorithms consist of a set of multiple data storage servers and a 
set of clients that store and retrieve data from them. They differ 
slightly in implementation: ABD delegates more work to the client 
while Oh-SAM reduces the number of messages the client needs 
to send but mandates that the servers send messages to each 
other. We implemented both of these algorithms and subjected 
them to rigorous testing in order to evaluate the trade-offs between 
the greater number of client messages from ABD to the increased 
load on the servers in the Oh-SAM algorithm. Additionally, we have 
constructed a client that allows us to manipulate the network 
conditions of the servers while also visualizing the internal state of 
the data as it moves between the clients and the servers. 
 
References: 
[1] Hadjistasi T., Nicolaou N., Schwarzmann A.A. (2017) Oh-RAM! 
One and a Half Round Atomic Memory. In: El Abbadi A., Garbinato 
B. (eds) Networked Systems. NETYS 2017. Lecture Notes in 
Computer Science, vol 10299. Springer, Cham 
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The proof-of concept Auerfarm mobile app developed in 
CSE4939/4940 in the past academic year supports the work 
performed by the 4-H Education Center at Auerfarm, a 120-acre 
farm that provides valuable hands-on experiences to more than 
12,000 children throughout the year. Seasonal programs are 
offered to school classes, community groups, and the public in the 
Center's animal barn, gardens, farmland and orchards. The 
campus is open to the public year round allowing the farm to fulfill 
its mission to connect people, agriculture and the environment 
through education and recreation. The farm is also the home to 
multiple 4-H Clubs. The farm has various facilities that provide 
educational opportunities in the areas of animals, wildlife, plants 
and farm production. We seek to enhance the educational 
experience of the visitors by developing a farm app. The farm has 
been a great collaborator with UConn students in the past, serving 
as a site for many class service learning projects. We are open to 
suggestions or ideas from the students as well. Current capabilities 
include:  

● Help users navigate the farm 
o Use google maps api and wireless location 

services to allow users to see where they are in 
relation to the farms attractions. 

o Allow staff to update locations and descriptions, 
through an admin web app. 

●  Keep users informed of upcoming events 
o Feed of upcoming news and events 
o Encourage return visits through push reminders on 

users phone lock screen.  
● Promote the farms business. 

o List what the farms selling and show where 
relevant stands are on map 

● An administrative web app to allow Auerfarm staff to 
maintain application.  

The Auerfarm mobile application expands functionality with: 
 Use of updated image for overview picture of facility. 

Possibly use of drone image.  
 Embedding links of pictures, sound bytes or video to 

places on the map. 
 Providing links within app to partners such as Foodshare, 

UConn and 4-H. 
 Updating app to include hiking trails. 
 Training staff on the updating of the application.  

The end result is an Auerfarm mobile application App and 
associated database/server as domain knowledge, user interface, 
and database design input to develop a cross platform 
(iOS/Android) Auerfarm mobile application app that is deployable 
for use by Auerfarm.   
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Synchrony Financial serves over 60 million cardholders in 
thousands of retail stores across the US. With the increasing 
popularity of online shopping, drawing users into retail stores is 
becoming a challenge. Because of this, Synchrony Financial was 
looking for an application to showcase how technology could be 
used to draw more people into an exclusive retail shopping 
experience. This application employs augmented reality to 
enhance the in-store retail shopping experience by displaying 
relevant information to shoppers. The proposed application has 
been developed for primarily retail operations. The team created 
an application using Vuforia and Android Studio to create an 
application that would recognize retail items or VuMarks (encodes 
data, acts as an augmented reality target) and present information 
on said items and give the customers the ability to select item 
options. 
 
Users will open the application on their phone, which will bring 
them immediately to their camera. The application will start 
scanning its environment for VuMarks and items already in the 
database. Once an item is scanned as an item in the database, 
relevant information will be displayed on the screen, including 
material make up, color and size options, and manufacturing 
details. This application enhances a user’s shopping experience, 
making it easier for an individual to obtain product details and a 
more immersive shopping experience.  
 
Though having been around for decades, the technology for 
augmented reality has just recently become readily available. 
Augmented reality transforms data and analytics into images 
overlaid on the real world. Because of the recent access to these 
technologies and resources, not much has been created in the way 
of tutorials and research into these technologies. This has been 
one of the greatest challenges while creating this application. To 
understand the integration of these softwares, it required 
significant research and hands on experimenting. After researching 
the topic and watching tutorials, we applied our prior computer 
science knowledge to the new information to create our 
application.  
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Farms distribute fertilizer on their land every year. Optimizing 
fertilizer usage is important in terms of time and cost to the farms. 
If farmers know exactly where to put their fertilizer and how much 
to spread, they can reduce the time spreading fertilizer and the 
money spent from using too much fertilizer. Currently, farmers who 
desire data about their fertilizer usage must create maps of the 
fertilizer spreads themselves. This process takes up a great deal of 
time in creating and organizing the maps. Moreover, farmers do 
not always have the expertise required to parse and display the 
data. Farmers also need to apply fertilizer at specific rates to avoid 
creating excess nutrients in the field that can leak to ground or 
surface water. Automating the processing of the data and the map, 
along with centralizing the storage of data maps, would save 
farmers substantial time and money. 
 
The F.A.R.M website is a hub where farmers can easily upload 
and save their data. The website parses GPS data to provide a 
map of fertilizer applications for farms. Farmers spread fertilizer in 
the field with GPSs attached to their tractors. They next upload the 
data to the website via USB. Farmers enter information regarding 
the equipment they used in the field such as tractor and fertilizer 
type. Then, the website displays a map of the farm with polygons 
indicating the path of the tractor. The polygons also provide 
information about the type and amount of fertilizer spread. 
 
The website allows convenient management of farm information 
and maps. Each farmer on the website is an administrator of their 
own farm. They can view their own farms maps and change 
settings about their farm such as name or size. Farmers can also 
allow other guest users to have limited access to their farm’s data. 
Guests provide a farmer with the option to have others help 
manage the uploading of data and maps. Users can view data for 
the farm for any date range specified. This helps the farmer to not 
only see trends in fertilizer spread over time, but also allows them 
to collect data to submit to state regulatory bodies. 
 

Dr. 
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The Monarch Garden Manager Mobile App, for iOS and Android, is 
intended to teach children and adults how to create a monarch 
butterfly garden in Connecticut, but it is extendible to use in all 
planting zones in the United States. The app provides the user a 
clear and understandable guide on building their very own 
monarch butterfly garden. With these clear instructions, our hope is 
to revitalize the monarch butterfly population and bring them back 
to Connecticut. Users can select to build a low maintenance 
garden or low cost garden based on their preferences.  
 
Features in the Monarch Butterfly Garden App are: 
  

 Recommend ideal seeds, plants or bulbs to buy based on 
given information. 

 Photographic gallery of insects, flowers, and gardens to 
inspire users for their own gardens. 

 Instructions on the way to cleanse your plants of harmful 
insects without destroying the plant and the Monarch 
butterflies in the process. 

 Links to articles pertaining to the plight of the monarch 
butterfly and the state of their decreasing population. 

 A listing of commercial nursery or nonprofit organization 
websites that identify deer resistant plants, such as Burpee 
and White Flower Farm, both of which are commercial. 

 Lists of plants that are native to or that grow well in 
Connecticut, as well as other states across the country. 

 Functionality to search our database for specific plants that 
match given search criteria. 

 Contains information on the lifecycle and biology of the 
monarch butterfly. 

 Links to the USDA Planting Zones, which allows searching 
by state and zip code. 

 Instructions for laying out the garden, including a list of 
supplies needed. 

 A modifiable home page that will provide the user with 
helpful information through widgets such as maintenance 
timers or tips of the day. 

 Links to video tutorials on YouTube on gardening. 
An admin webpage has been set up for management of the 
information within the database that contains: Plant information, 
Butterfly information, Images, User data and Permissions. 
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The Connecticut Farm Wine Development Council hosts a yearly 
contest called the passport program. Patrons of participating 
vineyards can opt to have their “passport” stamped, and once they 
accrue 16 or more stamps, they can enter a contest for various 
prizes, depending on the total number of stamps they have. The 
initiative to create a mobile passport application was motivated by 
potential for significant monetary savings, increased convenience 
of entry, and the ability to track currently unavailable data, such as 
how many people start the program, but never turn their booklet in. 
The Connecticut Farm Wine Development Council estimates that 
the cost of printing these paper passports is between $4,000 - 
$6,000 per year, an expense that will be alleviated by replacing the 
current passports with a mobile passport application.  
 
The passport feature of the application mirrors the current paper 
passport, providing users with location hours, and contact 
information, as well as the ability to rate various aspects of each 
vineyard. Participants are able to rate the wine quality, their overall 
experience, and take notes on the vineyard to provide as feedback 
for the respective vineyard or save notes privately for personal 
reference. This mobile application aims to not only replace the 
current paper passport application, but also to provide users with 
further information including a calendar of events hosted at 
vineyards and a photo gallery featuring images from every 
vineyard.  
 
The application was created by utilizing the application 
development tool React, which has built-in elements that allowed 
us to create our project exactly as we envisioned it and allows us 
to port the application to both Apple and Android devices. 
Information collected is stored in a MySQL database; we found this 
to be the best database option as the setup was easy to create 
scripts for and any desired data can be pulled quickly and easily 
whether it be statistics regarding patrons or even a contest winner. 

 
 
From left to right: Austin Schwarm, Nathan Milne, 
Sharra Neely, Kelsey Butler-Waitkus, Philip Ira 
and Cooper Halvordson 
 
 
 
 

Connecticut Winery Mobile 
Passport Application 

TEAM: 25 
SPONSOR: UConn College of Agriculture 
SPONSOR ADVISOR: Dr. Michael O'Neill 
FACULTY ADVISOR: Dr. Robert McCartney 
 
 

TEAM GROUP PHOTO GOES HERE 
Photo should be a color, high resolution JPG 

and placed in THIS location shown by the gray 
rectangle. This box is to show you location 

and size only. Please delete it once you place 
the photo 

COMPUTER SCIENCE & ENGINEERING 



98

The UConn 4-H Bug Superheroes app is intended for children and 
youths to learn about bugs via a set of games/activities that will 
showcase the unique strengths of individual insects. In addition, a fun 
fact about the insect will appear periodically about each bug found in 
the game, combining education with entertainment.  Furthermore, 
Bug Superheroes allows students to compete against their 
classmates for high scores, encouraging replayability and thus, more 
learning. 4-H Bug Superheroes will be playable on iOS and Android. 
 
The game takes place over five events on an Olympic Track and 
Field. Each event stars a bug superhero and a youth avatar. The 
bugs will be expanded to human size, in order to showcase their 
unique traits compared to humans. A user can choose their own 
diverse avatar in order to customize the experience for themselves. 
The five unique events are:  
 
Event 1: 
Event 1 focuses on a flea. The user will be in a jumping competition 
with the flea. The student must aim their jumps carefully in order to 
reach the end of the field in order to compete with the humongous 
leaps of the flea. 
 
Event 2: 
Challenge a Biting Midge to a flapping battle. The Biting Midge can 
flap its wings a thousand times in just ten seconds. The player must 
repeatedly swipe back and forth to try to out flap this bug. 
 
Event 3: 
Knowing that a cockroach can run 3.5 miles in two minutes. The 
avatar will need to compete against a cockroach on a 3.5 miles track 
in 2 minutes to see who can run the fastest.  
 
Event 4: Who can crawl faster? Compete against a Fly Maggot in a 
race to the 4-H Clover, where the Fly Maggot can crawl 250 feet in 
merely two minutes! Use a pinching motion with your fingers, and 
your avatar will do the army crawl on the ground! 
 
Event 5:  Face off against a team of ants in an exciting game of tug 
of war! The player will have to repeatedly swipe backwards to pull the 
team of ants across the line in order to win.  However, be warned - an 
ant can lift up to 50 times its own body weight! 
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This project is revolved around aiding researchers in collecting 
data regarding recreational sites including National and State 
Parks. The current problem is that the respondents are often asked 
to fill out the surveys while they are not physically in the park. This 
can lead to inaccurate data as the responders are filling out the 
surveys based off of their memory. Alternatively, ecologists could 
go out, but this is an inefficient use of resources. After this project 
is completed, data, including both pictures and surveys, will be able 
to be collected by citizens while actually in the park. 
 
The goal of this project is to assist researchers with a more 
convenient and accurate way of collecting data without relying so 
heavily on memory. This is achieved by creating several separate 
applications that will work perfectly in unison. The first is an 
administrative web application that contains an attractive user 
interface and allows the admins to map areas where survey 
retrievals are desired. The data will be fed to mobile applications 
created in both Android and iOS environments. The mobile 
applications will notify users any surveys in the area through built in 
location services. The survey can then be filled out on the mobile 
device. Users can also upload pictures of the area in the mobile 
applications. All the data acquired by the applications (location 
areas, surveys, pictures, etc.) are stored on a server. 
 
An administrator will be able to define one or multiple locations for 
collecting responses through an interegrated survey instrument 
(e.g., Quatrics). Upon users entering the area (top image), the 
mobile applications (2nd & 3rd image) will display a list of surveys 
available to users. The users can select the survey they wish to 
complete.  The survey questions are displayed directly within the 
mobile application and the users can complete surveys without 
ever leaving the app.  
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Synchrony Experience is a virtual reality application that was 
developed to address the rise of consumer virtual reality products. 
Virtual reality is predicted to move into the mainstream and 
surpass a $40 Billion market by 2020.  
 
Synchrony Experience allows users to experience shopping for 
products in a virtual world where there are fewer constraints 
compared to a physical retail store. Similar to the convenience of 
online shopping and with additional features, virtual reality 
shopping will allow users the following: 
 
1. View items available for purchase 
2. Rotate, move, duplicate, and expand items in any direction in 

space 
3. Demo items in multiple environments, not just inside a retail 

store 
4. Provide a tailored user experience 

 
What if a customer found great looking swimwear but wasn’t too 
sure how it would look like at the beach. With the power of VR, 
customers can now take the swimwear to the beach. Once the 
customer is ready to make the purchase, they can easily complete 
the transaction without the hassle of waiting in a line. 
 
The Synchrony Experience VR Application is built to work with the 
HTC Vive headset. The HTC vive provides users with room-scale 
tracking with controller support to interact with virtual objects. The 
app was built using the Unity Game engine along with Steam’s 
OpenVR SDK. The data storage technology used is Google’s 
Firebase NoSQL solution. The entire project repo is stored on 
https://github.com/amaredeus/sync-vr-app.  
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As a company in business for more than 200 years, The Hartford 
has helped people and businesses prepare for the unexpected, 
protect what is uniquely important to them, and prevail through 
life’s challenges and opportunities. The Hartford does this by 
delivering industry leading property and casualty insurance, group 
benefits and mutual funds to their customers, creating a diverse 
and inclusive culture for their employees, financial performance for 
their shareholders, and by engaging with and serving 
the communities in which they work and live. 
 
Since the Alexa has one of the largest shares of voice-assistant 
devices in the US, this Alexa App should enable the customers to 
interact via this channel to get the service conveniently from their 
home. The platform aims to provide guidance for customers to help 
them find the answers to their inquiries about their specific plan, in 
addition to information concerning general insurance knowledge 
that the user may have. By using this Alexa App, users are able to 
better understand the meaning of various insurance terms and also 
receive advice on how to handle challenging situations that may 
arise. Users may either utilize a “quick question” feature of the Skill 
to directly ask Alexa a question or if needed, navigate through a 
menu of options with assistance from Alexa to formulate a question 
specific to the user’s inquiry. The Alexa App would allow 
customers the opportunity to learn more about their insurance plan 
so they can receive the optimal coverage in the most efficient and 
user convenient manner possible. 
 
The App is built using the Amazon Alexa Web Service as the 
serverless computer platform, Node.js as the backend, and a rest 
API to connect to the database. 
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The Hematology Education App is an online application that allows 
students in the Medical Laboratory Sciences (MLS) program to 
review material. A notoriously difficult section of MLSC 4311 tasks 
students with identifying various types of cells in bone marrow and 
peripheral blood smears. Our app supplements what is learned in 
lecture and laboratory by providing microscopic, digital images of 
bone marrow and peripheral blood smears to reinforce 
identification of the different types of cells that are being studied.  
An online SQL database stores hundreds of images and related 
questions that are used to generate quizzes based on the user’s 
performance on previous results. To further the effectiveness of the 
program, these results are shared privately with the professor 
through an admin account, allowing them to address flagged areas 
of difficulty as pointed out by the application. Using a Scrum 
framework, we broke down the many features requested by our 
sponsor and completed them in weekly sprints.  

 
Various different web development tools and techniques were used 
in creating our application. JavaScript is used for the client side of 
our application. Ajax is used to load the information received from 
the server and it is also used to send user session information to 
the server. 

 
On the server side, we utilized PHP and SQL to set up databases 
and logins. The SQL server stores the logistics of our program and 
PHP is used to connect to those databases. Using PHP, the data 
extracted from the database is sent to the client side JavaScript.  

 
On the front-end, we developed using HTML, CSS, and Bootstrap 
to build a responsive web page. This structure allows for the usage 
of mobile, tablet, and desktop support, all of which are commonly 
used among college students. We were challenged to create a 
cohesive design that was intuitive to use while displaying 
information clearly to the user. To ensure the interface was as 
user-friendly as possible, we tested it on multiple users with 
different levels of technological experience. 

From left to right: Keregan Schoenherr, 
Sandesh Shrestha, Ruolin Meng, Mengying Yu, 
Wah-Jian Lin and Darab Kiyani 
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The Hartford Steam Boiler Inspection and Insurance Company 
(HSB) specializes in providing equipment breakdown insurance. As 
a result of insuring millions of machines, the company is looking to 
develop a software program that can read machine nameplate 
information and parse the information in an organized manner. Our 
group’s goal is to create a software program that will make 
extracting nameplate information easier and more accurate. 
 
One of the most important challenges of the project involves 
processing the layout of the plate to identify the type of content 
stored on the nameplates. Though each plate stores similar 
information, there is no standardized format. This means that the 
manufacturer may display the same information in a different 
manner from another plate and may contain additional information 
that would not be used in our primary purpose.  The nameplate 
information may be printed, stamped or etched and the orientation 
of where information is located may be different. In addition, some 
of the nameplates may be dirty, reflective, or damaged making it 
difficult to accurately record the necessary information. 
 
Our software will be implemented as an iPhone application which 
communicates with a remote server. Once the user has taken an 
acceptable picture of a nameplate, the image will be sent to a 
server containing a script that will process it and extract the 
nameplate information. When the data arrives at the server, it will 
go through an image processing pipeline where our program will 
first utilize various software, such as computer vision library 
OpenCV, to clean the image for further processing. After the image 
has been prepared, the necessary information will be extracted and 
sorted into proper fields. The information will then be sent back to 
the mobile user to verify correctness. Once the user verifies the 
information is correct the information will be organized into a CSV 
file to facilitate data storage. 
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Peterson and Chengchen Zhang  
Bottom from left to right: Eddie Huang, Hunter 
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Computer based artificial intelligence has been around for decades 
but the field has only recently managed to come into its own with a 
shift towards the implementation of machine learning and neural 
networks. Typically developing an artificial intelligence is an 
arduous process that once finished can only be applied to certain 
tasks within the limited scope of its initial design. Machine learning 
works on the concept that once a computer is given a task and a 
set of data it should be able to determine on its own the best 
method to success. This can be accomplished through the 
implementation and optimization of a neural network which is a 
mathematical model loosely based on its biological counterpart. 
 
The methods of designing a machine learning artificial intelligence 
are as varied as their applications. Our project aims to use 
evolutionary algorithms and augmenting topologies (NEAT) to train 
neural networks to play the video game Donkey Kong as well as 
chess. This is significant as it will show that a single 
implementation of an artificial intelligence is capable of learning to 
play wildly different games. If applied further this approach could 
drastically cut the cost and time required to design artificial 
intelligence in video games. Additionally, video game artificial 
intelligence has traditionally been implemented through the use of 
state machines which often lead to unintelligence performance 
when players manage to exploit unhandled fringe cases. One of 
the key benefits of using neural networks is their capability to 
mimic a human’s ability to intuit; therefore, a well-trained artificial 
intelligence has potential to be cleverer and more challenging as a 
result. 
 

From left to right: Agnieszka 
Kandybowicz, Kyle O’Neil, Vera Eleanor 
Castillo and Xinyu Wang 
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Event timing has always been an extremely complex and technical 
process. Road running has become more and more popular, and 
race directors are looking for timing solutions that give their 
participants accurate results in a convenient manner while keeping 
costs low. Historically, large events would have to have a system 
custom built to handle the intricacies of their event.  This can be 
very costly and requires race organizations and timers to have the 
technical expertise required to setup such a system. 
 
We were tasked with creating a modular system that can be 
expanded to handle any size event while still providing all the 
features that participants have come to expect. Our solution is 
TrueSplit. TrueSplit combines an innovative approach to event 
timing with an automated web portal for participant information and 
results.  This allows event coordinators and timers to quickly build 
a system that fits their races’ needs right out of the box. 
 
Once a race has begun, users will be able to see their results live 
on our TruRace platform. This is available on a mobile application 
and a web application. As participants complete the race or cross 
certain checkpoints their results are automatically pushed to our 
database.  These applications can instantly read this information 
as it is posted, giving runners the opportunity to quickly and easily 
view their performance as the race progresses.    
 
Backend servers were used to set up a connection between the 
timing software, decoders, and the website database.  The server 
runs on its own definition library and communicates with our 
database. When a chip passes through a designated checkpoint, 
the table will be updated with the time of the corresponding chip 
identification number. The server runs its own message handler to 
take care of various protocols, such as updating times on the 
website page.  The server is the main component that links 
together the timing software and the website together. This is what 
allows for automation and saves time and effort for users 
 

kkk 

From left to right: Daniel Marciniec, Daniel Caron, 
Patrick Cragan, Joseph Tonski, Steven Ferrucci 
 
 
 
 

Fully Automated Timing System 
Using Radio Frequency 
Identification 
 

TEAM: 33 
SPONSOR: UCONN CSE Department 
FACULTY ADVISOR: Dr. Dong-Guk Shin 
 
 

COMPUTER SCIENCE & ENGINEERING 



106106



107

Aside from military and transportation purposes, 

helicopters are used for fire aviation to deliver a payload of fire 

retardant.  However, helicopters operated by pilots run the risk of 

becoming distracted, incapable of operating the drone/vehicle, or 

being unable to avoid an incoming obstacle. Therefore, situations 

like these might cause helicopters to become damaged and lead to 

casualties without accomplishing the objective to extinguish the 

fire. In order to eliminate these obstacles and increase the 
efficiency of fighting fire, we can integrate autonomous features of 

both obstacle avoidance and fire-fighting capabilities into the 

helicopter. 

Over the recent years, the usage of drones has increased 

greatly both for military and commercial use.  We plan on 

modifying a commercially available drone with an autonomous 

obstacle avoidance system and firefighting system to be used as a 
small-scale version of a helicopter for future use.  

A commercially available drone will be integrated with 

sensors and a water propulsion system to transform the drone into 

an autonomous firefighting vehicle. There will be two main types of 

sensors used in this project. The first set is mainly used for 

obstacle detection and avoidance while the second type of sensor 

will be used for flame detection. The goal of the drone is to be able 

to move, avoiding any obstacles along the way.  Once it has 
detected a flame, the drone will reposition itself so that it can 

deploy the water propellant system to extinguish the flame. The 

development of this system will serve as a test case which can 

then be integrated into larger scale systems at the decision of the 

project sponsor Sikorsky Aircraft. 

 
Group members front left: Xinkang Chen, Malcom 
Lopez, Hahyeong Kim, Krishnan Sureshkumar 
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Systems simulation for design and analysis is an import part of 
modern engineering. Currently there are several software 
packages that allow engineers to simulate complex systems, and 
test them under different conditions. One such software package is 
the TEAMS Design Suite from Qualtech Systems Inc (QSI). QSI is 
a Connecticut-based company founded by University of 
Connecticut alumni and faculty around the creation of TEAMS. Like 
Simulink, TEAMS is used for systems analysis, however it provides 
users with a detailed view of system faults and failure modes. The 
TEAMS (Testability, Engineering and Maintenance System) 
Software Suite is a set of system-modeling tools focused on 
automating system fault testing and detection. TEAMS software is 
utilized by test engineers to model possible failure modes of a 
system, allowing them to monitor individual components based on 
the system’s outputs. The overall goal of this project is to translate 
system fault to test relationship from Simulink to TEAMS.  
 
In order to accomplish this goal our project focuses on creating a 
method to test a Simulink model’s output response given certain 
internal component failures. With data explaining how a component 
failure changes a system’s output, a diagnosis can be made on the 
relative health of the system. This can be done through designing 
tests for a system’s outputs. Ideally, failure of any combination of 
tests will allow us to identify specific components which operating 
in a state of failure. This fault to test relationship can then be 
expressed in a proprietary XML (eXtensible Markup Language) 
format which can be loaded directly to the TEAMS suite. 
 
Our prototype software is being designed around a NASA testbed 
model built in Simulink. The Advanced Diagnostic and Prognostic 
Testbed or Virtual ADAPT model “...is functionally representative of 
an electrical power system (EPS) on an exploration vehicle…” Our 
team, as well as the sponsor, believe that the Virtual ADAPT model 
offers enough complexity to create a more generic solution once a 
prototype is completed. The Virtual ADAPT model also offers an 
avenue to inject component faults through a user interface. This 
allows us to automate component fault injection in MATLAB, and 
run simulations on the model for relatively large input data sets. 
Once the prototype process is completed, we hope to apply it to 
other Simulink models. 
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Inverters are electrical devices which convert Direct 
Current signals to Alternating Current.  Lenze manufactures 
inverters in variable frequency drives (VFDs) for a market in the 
US and Canada which uses 600 Volts RMS systems. These 
inverters once used transistors rated for 1400 Volts, but these are 
no longer available.  Our task is to use two 1200 Volt transistors in 
series to share the voltage, in order to achieve the proper voltage 
rating.  These two transistors are to be controlled using only one 
control signal, to allow Lenze to use previous two-level inverter 
switching algorithms with the new design.  This allows the benefit 
of a robust design without using expensive and slow 1700 Volt 
transistors, and prevents the need to design a new three-level 
switching algorithm. 

The main challenge with this task is the importance of 
timing the two transistors to switch simultaneously.  If one 
transistor in a pair turns on or off slightly before the other 
transistor, this causes the entire voltage blocking stress to fall on 
one transistor.  If this happens repeatedly, overheating and 
component failure will occur. 

Two solutions are proposed.  One method involves using 
an external capacitor between the gate and ground of the top 
transistor in a pair.  This method enables two transistors to be 
switched with only one input signal, and prevents overvoltage 
conditions due to uneven transistor switching.  Another major 
advantage is the simplicity of the circuit, as it only requires seven 
passive components per transistor pair.  The second solution is 
logic-based and uses external logic gates to generate sequenced 
switching signals for each transistor to prevent overvoltage 
conditions.  The advantage of this method that it can be 
implemented within the microcontroller in the VFD.  Both 
approaches have the benefit of simplicity and robustness, and may 
be implemented together to provide two levels of protection from 
transistor overvoltage. 
 The inverter circuit is to be proven to work in simulations at 
850 Volt DC input, powering a 3 horsepower motor.  The PCB 
inverter circuit will work at in input voltage of 240 Volts, power a 3 
horsepower motor, and interface with a provided Lenze VFD.  The 
circuit will also be testing at higher input voltages, to ensure 
feasibility at the voltage conditions the variable frequency drives 
are used in the market. 

 
From Left to Right: Yuansong Liu, 

Daniel Dabkowski, John Brousseau 
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Figure 1. Three Level Inverter Layout 

Figure 2. One Phase Leg Prototype 

Figure 3. Three Level Inverter With Two Level Controls 
Simulation 
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In recent years there has been an increase in need for electrical 
grid storage support in areas such as grid stabilization, peak 
shaving, and sustainable energy backup solutions. To address this 
rising need, a multidisciplinary team of UConn electrical, 
mechanical, and manufacturing and management engineering 
students were tasked by Cadenza Innovation to develop an 
economic, safe, and energy-dense rack-based grid storage Li-Ion 
battery module. UConn ECE was responsible for engineering and 
testing the electrical aspects of the module, including the Supercell 
configuration to meet the voltage range of the inverter, busbar 
sizing for the appropriate ampacity, the voltage and temperature 
measurement cable harness, the battery management system 
(BMS) communication network, and the inter-module power 
cabling. 
  
Working within Cadenza Innovation’s requirements and with their 
patented Supercell design, Team 1805 implemented an electrical 
configuration that would maximize energy density and safety. 
Aluminum busbars are laser-welded onto the Supercell terminals 
to establish a secure connection for current flow. The cross-
sectional area of the busbars was sized for the worst-case 
discharge rate, while keeping the physical footprint and 
temperature rise to a minimum. The module was developed with 
an attention to modularity, serviceability, and safety. As a part of 
this effort, removable power distribution cables were selected to 
link modules together. These cables were sized for the appropriate 
ampacity and temperature rise, in a similar manner to the busbars. 
A Cadenza-supplied BMS will later be connected to the module 
and used to monitor the state of health and the state of charge of 
the Supercells. Sensor and communication networks were 
designed to enable the master BMS to collect voltage and 
temperature measurements from the slave BMS dedicated to each 
module. 
  
The final module design is one that achieves electrical, thermal, 
and mechanical conditions, and can be replicated and connected 
with other modules based on the desired voltage range 
requirements. Photos courtesy of Cadenza Innovation 

 Shawn Battey, Johnathon Serio, Timothy Burroughs 

 
Design of a Rack-Based Li-Ion 
Battery Module for Grid Storage 
Application 

TEAM: 1805 
SPONSOR: Cadenza Innovation 
ADVISOR: Dr. Sung-Yeul Park 
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Surface acoustic waves (SAWs) are sound waves which 
propagate across the surface of a solid in a manner similar to how 
water waves travel across the surface of the ocean. SAWs can be 
induced in piezoelectric materials by applying an AC voltage to a 
transducer fixed to the surface of the material. This method of 
inducing SAW propagation is used in a class of electromechanical 
components called SAW devices which are found most commonly 
in RF filters, delay lines, and oscillators. 
 Our group was tasked with designing and assembling a 
scanning probe system capable of mapping the amplitude and 
phase of a SAW on the surface of a given SAW device. Our probe 
system is based on a SAW characterization method sometimes 
referred to as the knife-edge measurement technique. In the knife-
edge method, a laser beam is directed at the undulating surface of 
the SAW device. When the beam strikes the surface, it is reflected 
at some angle determined by the characteristics of the SAW at the 
point of reflection. This angle of reflection changes in accordance 
with the oscillations of the SAW; the reflected beam is “angle 
modulated” by the oscillations of the SAW. If half of the reflected 
beam is initially blocked with a knife-edge (such as a razor blade or 
even a sufficiently opaque piece of paper), a photodiode positioned 
behind the knife-edge can register the change in the brightness of 
the beam as the beam sweeps across the knife-edge due to the 
changing reflection angle caused by the SAW oscillations. 
Therefore, a certain recorded beam brightness is related to where 
the SAW is in its period of oscillation. 
 In order to create a surface map of the SAW, we scan the 
active surface of the SAW device using an XY positioning stage. 
As we scan across the surface, we measure the pointwise 
amplitude and phase of the signal from the photodiode detector 
circuit using a lock-in amplifier. From these measurements, we are 
able to solve for the mechanical amplitude and phase of the SAW 
at each sample point on the surface. 

 From left to right: Dat Le, Jacob Hastings, Oskar 
Vasquez, James Quintanilla 
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Kaman Fuzing & Precision Products is a faction of Kaman 
Aerospace, which is an American aerospace company located in 
Connecticut.  Kaman Fuzing & Precision products focuses on 
developing state of the art electronic devices and systems for 
extreme environments for both commercial and military 
applications.  While best known for their fuzing technology, Kaman 
also researches into new system technologies for various military 
applications.  Among their many projects, Kaman has tasked us 
with designing an energy harvesting subsystem that derives its 
power from the launch of a projectile. 
 
The project objective is to design an energy harvesting device that 
can power on-board electronics using outside forces. Since, the 
final design will be in live munition, limitations are present in size, 
weight, shelf life, force resistance, operating temperatures, and 
energy requirements. Due to the restraints set by military regarding 
munitions, our device must not have any stored energy, so simply 
using a battery to power the device is not viable. 
 
Initial research identified piezoelectric and thermoelectric energy 
harvesting as the most promising designs for further development 
and testing.  Both approaches use the initial forces of the launch 
and would produce usable electrical energy in a relatively short 
period of time. A piezoelectric (PZT) based implementation uses 
the piezoelectric effect that is present in certain materials that 
generates an electric charge when put under mechanical stress.  
Our design will utilize the propulsion forces that are present in a 
projectile launch to set in motion a mass-spring system to cause 
an alternating mechanical stress on the PZT material and generate 
an AC voltage.   
 
The thermoelectric design would utilize the thermoelectric effect 
where an applied difference in temperature over a thermocouple 
produces a voltage difference.  In our design, the initial propulsion 
forces of the launch would strike a primer to ignite a flammable 
compound.  The corresponding exothermic reaction would then be 
used to produce a temperature difference.   
 
 

 

 
From left to right: Robert Lancia, Waleed Tellawi, 
Aidan Devin, Richard Fleisch 
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Kaman Fuzing and Precision Products is one of the largest 
ordnance-based manufacturers in the United States. To keep up 
with increased demand and to improve efficiency, Kaman is 
attempting to automate an outdated manufacturing process. 
One of the products that the Middletown Facility produces is the 
JPF (Joint Programmable Fuze). Kaman’s goal is to automate a 
building process of the JPF system by utilizing a helium leak test to 
verify the integrity of welding completed earlier in the assembly.  
  
To do this, our team needed to integrate the current equipment 
(helium mass spectrometer) with a more modern robotic arm 
produced by Universal Robots (UR5). This approach involved the 
use of a PLC (Programmable Logic Controller) to remotely start 
and read data from the mass spectrometer. The PLC was also 
used to interface with the sensors placed throughout the system, 
and remotely signal to the UR5 robotic arm. The UR5 Robotic arm 
is in charge of moving the testing piece from a starting point to the 
mass spectrometer, then after the test is complete move the part to 
the area designated for a successful test or the area designated for 
a failed test.  
 
Our project is a joint project with the Mechanical Engineering 
department. We had to work with two Mechanical Engineers, 
Ronnie Fierro and Nate Baker, and interface our design with their 
design in order to make the fully automated cell. Their part of the 
project consisted of building an apparatus that creates a vacuum 
seal so the leak test can be done properly. The design of the new 
apparatus includes safety features to ensure safety of the test 
operators. 
 
In conclusion, we thank Kaman, the ECE and ME departments for 
this invaluable experience. We learned a lot working throughout 
this project and will be able to use the skills we learned in future 
endeavors.  
 
 

 

   

 

Brittany Bohn, Timothy Jorsz, Thomas Bacon, 
Ivan Paz 
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United Illuminating (UI) is an electric utility company based out of 
Orange, Connecticut with a service area covering predominately 
Southwestern Connecticut. Recently, UI has seen an increase in 
Photovoltaic (PV) installations within their area. Historically, power 
has flowed from the transmission network down to the load. PV 
panels installed at residential and commercial areas have resulted 
in power flow in the reversed direction – from the load back onto the 
distribution network. It is of great importance for UI to determine if 
these installations will result in any adverse impacts to the system 
as a whole. The Connecticut Public Utilities Regulatory Authority has 
defined such adverse impacts to be when the distribution meter’s 
voltage falls outside of the +3% to -5% range.  
 
Historically, UI has been concerned with under-voltage falling below 
-5%. However now, with the installation of PV panels, the focus has 
been shifted to keeping meters below the +3% threshold when PV 
sites are at maximum generation. Currently, UI’s System Impact 
Studies use the nameplate capacity of PV panels when testing for 
adverse impacts. The nameplate capacity is defined as the 
maximum rated output of the generator. Using this value is a 
conservative estimate of the true outputted power from PV in order 
to help maintain grid reliability and stability. However, UI would like 
a better understanding of PV generations impacts on their 
distribution system.  
 
UI’s goal with this project is to better represent the amount of PV 
power being outputted onto the grid; in other words, the purpose of 
this project is to give UI a sound methodology for predicting PV 
extreme output within its territory and provide a glimpse into the true 
impact of PV within Connecticut.  
 
Our team designs a powerful tool for PV power forecasting which 
will be critical for the real-time integration of PVs in the power grid. 
To obtain high-fidelity extreme PV power injections, a three-level big 
data analytics is developed using high resolution meteorological and 
in situ sensor data:  
(1) a K-means-clustering-based zone partitioning method,  
(2) an extreme value theory (EVT) and  
(3) a regional frequency analysis (FRA) method for provably correct 
forecast of extreme PV output. 
 

 

From left to right: Christopher Gutierrez, 
Marissa Simonelli, and Martial Sawasawa. 
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Pratt & Whitney is a subsidiary of United Technologies with a focus 
on aerospace. Disks used in engines must be tested before 
implementation. Current methods of testing stress in spinning disks 
are expensive and test rigs are extremely large in size. Our team 
consisting of electrical, computer and mechanical engineers is 
responsible for designing a table-top spin rig to characterize 
materials used in gas turbine engines on a small scale. We will be 
analyzing the behavior of a material which will undergo uniaxial 
stress conditions. Test rigs are important to help us understand 
and prevent disk failures inside an engine. 
 
The test specimen used in our rig is a disk designed by the team. 
The disk was designed to have a 1:1 hoop to radial stress ratio in 
which we must achieve a 110% yield stress to exhibit low cycle 
fatigue. The rig required a containment unit for the spinning disk 
which must withstand a critical failure of the disk splitting apart. 
Our sponsor has asked us to characterize Titanium 6Al-4V and 
INCONEL 718. However due to limitations in motor capabilities as 
well safety we used aluminum for our test rig but recorded the 
required changes to be made in order to use the previous 
materials.  
 
A motor and drive were chosen which has the capability of 
spinning the specimen to a speed which will cause the required 
110% yield stress and back down to 5% yield stress in under one 
minute. We designed and implemented a control system that will 
monitor the health of the rig as well as provide a safety mechanism 
for emergency shutoff due to rig failure from the motor or the disk. 
This control system would also automate the one minute cycle 
used to spin the disk up to its highest speed in back for a repeated 
number of cycles. 

 
ECE Team: Shahzeb Makhdoom, John Rockett, 
Matthew Doll 
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Microcontrollers are used to automate and control complex 
electronic devices, in order to help them perform complex 
functions.  Pellet smokers are one such device that use 
microcontrollers to control aspects of smoking such as maintaining 
constant temperature and smoke in the cook chamber  
of the smoker.  The microcontroller currently controlling the 
consumer line of Myron Mixon Pellet Smokers has limited 
functionality and low temperature accuracy.  The new 
microcontroller will control the same number of peripheral devices 
with the same functionality, with additional functionalities such as 
real-time tracking of temperature data, wireless connectivity 
capabilities, and improved temperature feedback loops for 
improved efficiency.  Peripherals include elements commonly 
found in pellet smokers such as a heating element to ignite pellets, 
a fan to control airflow, and an auger to feed pellets. 
 
To complement the wireless capabilities of our controller, we will 
be developing a mobile application for Android that will allow for 
complete control of the smoker via direct WiFi connection.  We will 
also be adding a visual display to improve user experience and 
facilitate interaction between user and smoker. 
 
A Raspberry Pi 3 Model B will act as the primary controller for the 
entire system, which will be powered by a 5v signal converted from 
AC to DC.  A driver circuit will act as a module that connects the 
digital output from the Raspberry Pi to control the AC power to 
peripheral devices.  The driving circuit will use similar components 
to those found in the existing microcontroller, and will be based 
upon a TRIAC, a three terminal semiconductor device used for 
controlling alternating current.  The Raspberry Pi will also act as a 
WiFi access point allowing a smartphone (specifically an Android 
device) to connect and directly control the pellet smoker 
wirelessly.  This can be done by modifying the internal libraries of 
the pi and using a USB range extender.  The mobile application 
will be developed alongside our controller and along with allowing 
users to control the smoker, will provide the user with data relating 
to temperature of the cook chamber and temperature of the meat. 
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Stanley Access Technologies is the leading manufacturer of 
automatic pedestrian doors in North America. Some of their 
products include sliding, swinging, revolving, and folding doors. 
Faults may exist in a sensor, motor, or wiring, and may not be easy 
to troubleshoot. Technicians who attempt to fix these faults often 
need to work in a crowded space of the header, where the door 
components and wires can make that very difficult.  
 
The purpose of our project is to develop a system to diagnose 
problems in the automated door systems. This system will run many 
tests through an Android application and give the technician using it 
a recommendation of what to fix and replace. Students majoring in 
CSE and ECE are working jointly to develop a microcontroller that 
will communicate directly with the android app. A solution 
implementing machine learning concepts will be used to diagnose 
any issues with the doors. 
 
We have been given the number one selling automatic slide door in 
North America, the Dura-Glide slide door system, to perform our 
tests on, and an Android device with current testing application 
installed to assist us. Our system will ideally interface with the Door 
Control Units of the doors, which act as the central “brain” of the 
systems. Our system will detect readings from the DCU and the 
sensors connected to the various door components including the 
motor, motion sensors and solenoid lock. This would allow our 
system to monitor the signals during operation and detect anomalies 
while taking control of the outputs and inputs to force specific states 
of the system. We will be altering the current troubleshooting 
function within the application to make it easier for technicians to 
use. 

 
 

 
 

  
 

 
 

 
Jordan Layne, Bryan Maloney, John Friedman, 
Gregory Bibisi, Archit Singh, Sally Yang 
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The aim of this project was to further develop a smart watch that is 
used to communicate with Biorasis’s implantable glucose sensor. 
Intended for type one diabetic patients (T1D1) the watch will 
wirelessly power and communicate with the sensor for continuous 
glucose monitoring. This is more efficient than current technology 
(finger pricking), and will provide more data to help patients better 
monitor their health. 
 
The watch can be viewed in three sections, the first is power. The 
implant developed by Biorasis has a solar cell, that is powered by 
the LEDs on the bottom of the watch. The LEDs produce light that 
is strong enough to activate the implantable sensor. Next the sensor 
has to communicate with the watch. To do so the sensor will emit an 
infrared light signal that is picked by the watch. Finally, the signal 
needs to be processed, this is done by the hardware and software 
that exist internally in the watch which ultimately displays information 
on the face of the watch. 
  
 We were tasked to change and improve many aspects of 
the watch, some of which include overall size, digital display, display 
interaction, and battery life. Originally based on the bulky Arduino 
platform we decided to convert to a standalone MCU design. This 
involved creating a PCB that is able to fit all of the necessary 
components that allow the watch to function. Due to the abundance 
of components and necessity for efficiency, most of our time has 
been spent designing the PCB. All of the software that controlled the 
watch and its functions was written in Arduino code. As we 
converted to a standalone MCU this code had to be ported to C 
code. Although requiring more time this allowed us to add some 
additional functionality, which would have been excluded otherwise. 
Another upgrade was the introduction of a new LCD screen, 
compared to the old option the new screen had additional real-estate 
and better readability. Lastly, we addressed the battery life issue, 
we targeted the LED’s that are used to communicate between watch 
and implant, as they are the largest draw of power. In order to 
mitigate the LED power usage, we created a scanning algorithm in 
which the LEDs will operate in order to power the implant. Doing this 
we should be able to use only one third of the power previously used. 

 
 
Left to Right: Richard Mullen, Alexander Valdes, 
Keelin Becker-Wheeler  
 
 
 
 
 

Glucose Monitoring Smartwatch 
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As technology advances the need for computers with 
higher processing power is increasing.  In order to meet the 
demand for these chips, lithography has become extremely 
precise, down to the nanometer scale.  ASML is at the forefront of 
producing very precise lithography equipment and has become a 
world leading supplier for many companies.   
 To be able to get down to the precision that many 
companies desire, particle contamination on the surface of the 
template, known as a reticle, is unacceptable.  The reticle is 
protected by something known as an EIP, or Extreme-ultraviolet 
Inner Pod during transportation.  ASML wishes to increase the 
throughput of their machines in order to greater meet the demands 
of the market.  In order to do so, the speed of the manufacturing 
process must be increased and ASML needs a stronger clamping 
device to prevent reticle motion.  The goal of this project is to 
provide ASML with a stronger clamping device that will protect it 
from movement and particle contamination while it is transported 
inside the EIP.   
 There were several ideas to create a clamping device, 
however the one the group settled on was an electrostatic clamp.  
Using the principles of electro-adhesion, the electrostatic clamp will 
be able to both protect the reticle from movement and be 
integrated into the current iteration of the EIP.   
 A scaled down 4x4 prototype electrostatic clamp was 
produced at UConn using the electrode fabrication lab.  Using a 
modified 3D printer as a test rig the clamping device was tested for 
accelerations of up to 1g using a sample reticle.  Based on initial 
observations, the clamp held the reticle in place with enough 
clamping force motion.  This was later confirmed by testing for 
particle contamination on the surface of the reticle; it was found 
that the electrostatic clamp did a good job protecting the reticle.  
This final prototype device was presented to ASML as a proof of 
concept that the electrostatic clamp idea would work to prevent 
reticle motion. 
 

 

 

 

 From left to right: Gaurav Rana, Saory Chhouk, 
and Joanna Cropsey 
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Commercial Solar Works is a company which plans to 
specialize in the creation of microgrids within the state of 
Connecticut. Specifically, they want to design a model for a 
microgrid that supports a wastewater treatment plant (WWTP). 
This plan is in response to a state initiative in Connecticut to 
increase the application of Microgrid technologies. The microgrid 
will consist of a biodigester, a generator, a photovoltaic (PV) solar 
array and a power storage device.  

The biodigester will convert waste slurry to methane which 
is used as a fuel source for a generator. The size of the generator 
will be dependent on the critical site load and the amount of 
methane that is produced based on the average wastewater flow 
rates of the plant. A PV solar array will be sized to meet the 
parasitic loads of the biodigester and on-site energy usage not 
covered by biodigester generation. The battery storage will capture 
excess generated power for later use and will also provide grid 
reference when the site is not connected to utility power i.e. during 
islanding. 

The goal is to create a standard design that could easily be 
adapted to various wastewater treatment plants, so it is important 
to understand how input and output of microgrid components for 
one plant relate to those of another plant. Wastewater treatment 
plants are all configured differently to handle different amounts of 
wastewater daily. This will affect the power output and selection of 
the other pieces of equipment. We will create a design that can be 
used to retrofit existing Wastewater Treatment Plants. Because of 
this, we will need to be cognizant of the existing load, site plan and 
slurry data for a specific site. Our design will have to be flexible 
enough to be easily adapted to various sites, but for the sake of 
this project only one site will be considered.  

Our project deliverables include an updated site plan, an 
updated riser diagram, and an energy production model. These 
components serve as a proof of concept for our model. We will be 
collaborating with a team of three Environmental Engineering 
students who are responsible for designing the biodigester needed 
for our microgrid application. 
 

 

 
Wyatt VanFossan, Christopher Angi, Kelly Higinbotham, 
Peng Zhang, Yan Li (In order from left) 
 

Wastewater Treatment Plant 
Microgrid Applications  
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To aid in his research of human interactions with novel, simulated 
environments, Professor Harrison at UConn’s Center for the 
Ecological Study of Perception and Action (CESPA) has joined 
with senior design team 1820 to build a linear motion haptic 
feedback system with virtual feedback. A haptic feedback system 
can be defined as follows: “...of or relating to tactile sensations and 
the sense of touch as a method of interacting with computers and 
electronic devices…” A haptic feedback system provides users 
with touch feedback and allows users to interact with simulated 
environments. For example, a simple yet common example of 
haptic feedback technology are video game controllers. In some 
video games, a user will receive vibrational feedback from the 
game controller indicating that a collision has occurred in the video 
game environment. A more complex example of haptic feedback 
systems are flight simulators, where users receive touch feedback 
that simulate real life flight conditions. 
 
Team 1820’s virtual feedback system will allow users to interact 
with virtual objects moving linearly in a simulated environment, by 
moving a real block across a linear rail. The system will consist of 
a cart riding on a linear rail that is connected to a motor. The cart 
will have a block connected to it that the user will hold and move. 
This physical block will be able to interact with a simulated 
environment that has variable characteristics including variable 
coefficients of friction, spring forces, and ‘virtual walls’ that are 
created by varying forces exerted by a torque motor. As the block 
interacts with the simulated environment, the user will receive force 
feedback.  
 
While the linear motion haptic feedback system is in use, the user 
will be able to see a visual representation of the objects that they 
are moving. Furthermore, users will be able to see items in the 
simulated environment that they can interact with, but are not 
actually in the path of the carriage.  
 
The linear actuator itself will be used for Professor Harrison’s 
research in human-object interaction. The haptic feedback system 
can be used as a multipurpose testbed for use in Harrison’s 
research on how humans manipulate, transport, and perceive 
objects in different environments.    
 

 
The team of superstars from left to right: Ethan 
Freund (EE), Benjamin Marcotte (EE), Meridith 
Kuperstein (CSE/EE), Derrick Chen (CompE) 
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Figure 1: Data Acquisition System, Motor, and 
Force/Torque Sensor 

Figure 1: Layout of the Linear Motion Haptic Feedback System 

Figure 3: Prototype of rail and carriage system 
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The Mobius Solaris statue was built in 1995 and 
designed by artist Robert Perless.  Located in front of the 
Castleman building, this statue features a stainless-steel 
base connected to five polycarbonate prisms rested on a 
stepper motor.  The stepper motor, which is connected to a 
driver allows the prisms to rotate 360 degrees while keeping 
the base itself stationary.  The intention of this artwork was 
originally to track the sun and reflect a rainbow onto the main 
entrance of Castleman, but that was never achieved due to 
various problems. The existing electronics located in the 
base of the statue have only one purpose, which is to rotate 
the prisms at a constant rate of 360 degrees every 24 hours. 
The controller found in the Mobius is a simple circuit that 
handles the logic telling the stepper motor driver when to 
turn, and how many steps.  The stepper motor is currently set 
to rotate at a rate of 2,000 steps per full revolution. The goal 
of this project is designing a solar tracking mechanism to 
acquire the position of the sun and reflect a rainbow above 
the main entrance of the Castleman building. This goal will be 
accomplished by primarily using a circuit of photoresistors 
and a Raspberry Pi as our microcontroller to handle the logic 
feeding into the driver. The other goal is to create a website 
specifically for the Mobius. This website would include 
information such as the current weather, angle of the sun, 
and would indicate any errors currently being read by the 
system. 
 
Our proposed design for our solar tracker is to mount a light 
sensing circuit composed of two photoresistors separated by 
an opaque object onto a separate stepper motor. If the 
photoresistor assembly is misaligned with the sun, the 
opaque object will cast a shadow on one of the 
photoresistors.  A motor will reposition the photo sensors 
such that neither is in a shadow, indicating the sensing 
assembly is aligned with the sun.  The angle information 
provided by this mechanism will then be used to align the 
statue appropriately. 

 
 
 
 
 
 

 
 

 
 

 
 

 

From left to right: George Oppong, James Fisher, 
David Pettibone 
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UConn Electric Motorsports (UCEM) is an on-campus club 
sponsoring four separate senior design teams, each tasked with 
building an integral component of a single-seat electrically 
powered formula-style racecar. From design to production 11 
students have each brought together the best components sourced 
from around the world integrated into a single vehicle. North 
America’s first electrically powered aluminum honeycomb chassis 
is capable of accelerating from 0-60 mph in under three seconds. 
 
Along with meeting the club’s requirements, the design also had to 
satisfy Formula Student Automotive Engineering (FSAE) rules. The 
maximum voltage allowed is 300VDC, along with a maximum 
power draw of 80kW. The high voltage battery pack was 
configured to have a maximum voltage of 260VDC. The 
accumulator contains 496 Samsung 18650 cells, making it a 
5.2kWh (20Ah) battery pack. These cells are assembled in 62 
Energus modules that also provide temperature sensors and fuse 
protection. With the motor team’s 80kW motor, this will draw a 
maximum current of 360A.  
 
The Orion BMS was chosen as the battery management system to 
monitor cell voltages and temperatures. It will communicate with 
the Elcon PFC 2500 charger to balance the cells during charging. 
If the battery is fully discharged to 0%, the Elcon charger will fully 
charge the accumulator in about 3 hours and 20 minutes. Other 
small components necessary to the design were chosen such as 
connectors, fuses, and relays based on power requirement.  
 
We designed an accumulator container that houses all the high 
voltage components. Our team plans to do thermal analysis along 
with Computational Fluid Dynamics to determine the most efficient 
method for cooling. The batteries have to be tested to determine 
charge and discharge rate, the BMS and charger will also be 
tested at component level. After this is confirmed, we will integrate 
all components together and into the accumulator. This will now 
get put into the chassis of the racecar, connected to the other sub-
systems. 
 
 
 

 
Sung-Lin Chen, Jason Clark, Tejinder Jutla 

 
 
 
 

UCEM Battery, Management and 
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UConn Electric Motorsports (UCEM) is an on-campus club 
sponsoring four separate senior design teams, each tasked with 
building an integral component of a single-seat electrically 
powered formula-style racecar. From design to production 11 
students have each brought together the best components sourced 
from around the world integrated into a single vehicle. North 
America’s first electrically powered aluminum honeycomb chassis 
is capable of accelerating from 0-60 mph in under three seconds. 
 
UCEM Electric Motor Control and Inverter Design was purposed to 
be the driving force of the UCEM electric vehicle.  Motor selection 
was the first step of the system design. To select the proper motor, 
we had to follow competition guidelines as well as specifications 
given by the sponsor. Proper calculations were made to ensure all 
requirements were met. The next step was to simulate the 
response time of the motor given certain control parameters until 
the controller could be accurately verified.  
 
The controller selection was made based on budget and 
compatibility with the motor selected. To meet safety requirements 
of the vehicle and for the driver, a pre-charge/discharge circuit had 
to be made according to the capacitance of the controller. Contact 
with the manufacturer allowed for the proper capacitance value to 
be used. The pre-charge/discharge circuit used relays and a 
microcontroller to send the correct signals which allowed the circuit 
to be made without a PCB. Testing of the system includes 
measurement of the pre-charge/discharge time constant, voltage, 
and current. Testing the system involved sending a pedal input 
signal and measuring the response time of the motor while keeping 
track of voltage and current. A load test evaluates how the system 
will perform when accelerating the vehicle. For the acceleration 
event, the system will undergo maximum torque output and 
therefore needed to be tested. No available testing load was 
available, so this feature had to be tested in the vehicle itself.  
 
Putting the system in the car required special mounts which the 
mechanical engineering team designed. To pass the safety tests 
the vehicle had to be water proof which meant the electronics had 
to be properly insulated. The electronics were also secured in a 
way to minimize the need for long wires and any potential 
hardware disconnects. The motor control system had been 
developed and is now undergoing final tweaks before competition. 

 
 
 
 
 
 
 
 
 
 
 
 

From left to right: Team Advisor Professor Bazzi, 
Ernesto Ortega-Hernandez, Alain Tshipamba, 
and Daryl Biron. 
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event, the system will undergo maximum torque output and 
therefore needed to be tested. No available testing load was 
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Putting the system in the car required special mounts which the 
mechanical engineering team designed. To pass the safety tests 
the vehicle had to be water proof which meant the electronics had 
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The Hydralyzer team is focused on the development of a 
breakthrough device in wearable technology that is capable of 
noninvasively monitoring the user’s hydration status in real-time. 
This project is a continuation of a 2016-2017 multidisciplinary 
project sponsored by the UConn School of Engineering. The team 
is comprised of three Electrical Engineering students as well as 
two Management and Engineering for Manufacturing students. The 
project was originated in a School of Nursing student 
entrepreneurship project. 
 
The end goal for this device is to be implemented into a smart 
watch product that will allow for real time monitoring of hydration 
status. The product has the opportunity to be marketed to a great 
number of customers, in both the recreational and medical fields. 
In recreational uses, the devices allows for monitoring of an 
athlete’s hydration status to prevent hypo or hyperhydration during 
a workout. There is significant application opportunity in the 
medical fields, as the device can be used by patients with diseases 
that require acute monitoring of hydration level. Additionally, use of 
the device with both the elderly and infant populations allow for 
indication of hydration issues for groups that may not be able to 
communicate a need for water.  
 
This year’s team has taken a new approach to the development of 
this sensor, as the device developed during the previous year was 
found to provide inconclusive results. The method being used is 
known as Bioimpedance Analysis (BIA). This method measures 
the impedance across a small section of skin to determine the 
hydration status of the user. A lower impedance across the 
electrodes is indicative of higher hydration level. This method is 
validated through various tests on both fake skin analogs and 
human subjects. To provide a preliminary validation of the method, 
cardboard was used as the skin analog, and was measured in both 
a wet and dry state. At the completion of this validation, human 
tests were conducted to determine the validity of the method in a 
highly variable environment, with much narrower hydration range. 
At the completion of testing using a preliminary prototype, the 
device will be miniaturized and integrated into a smartwatch style 
device.   
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Lower musculoskeletal injuries can range from having subtle to 
severe pain, and many of the times a full examination is required to 
determine which joint is the root cause of such pain.  Injuries can 
be detected in any foot, ankle, knee or hip joint and this can cause 
complications when the patient is attempting to stand up and even 
walk.  To begin the process in healing injuries of lower extremities, 
ideally a patient will begin rehabilitation, where they will be closely 
monitored while practicing physical activities like standing up and 
walking.  The goal of the Sit to Stand Robotic Knee Device is to 
supplement the rehabilitation process and shorten the recovery 
time for patients with lower musculoskeletal injuries.  The device 
will aid the patient to perform the sit to stand motion by the help of 
an electric motor attached to the knee area along with a built in 
locking mechanism to prevent falling backwards.  Not only is the 
device manufactured with materials that are lighter and more 
flexible than current products on the market, but it is also minimal 
in size making the device more mobile.  
 
A metal brace that runs from the base of the foot to the mid-thigh 
and a motor attached at the knee are combined into one design for 
optimal support. Using Maxon Motors’ EC90 Flat motor with 
planetary gearbox GP52 gives the motor a peak continuous torque 
of 30 Nm and a peak stall torque of 45 Nm due to a reduction ratio 
of 353:1. At about 1.7kg and only needing 24V this motor gives our 
user 30% support alone. The motor is controlled with a DEC 
module eval board with connectors, switches, and a potentiometer 
to power, control direction, and adjust the speed of the motor at the 
user’s preference. 
 
ANSYS version 18.2 was used to select the optimal material for 
the device. A fatigue analysis was completed to predict the 
maximum equivalent stress and total deformation of the metal with 
the forces from the motor and the body placed upon it. Aluminum 
7075 was found to be the ideal material from this simulation as the 
yield strength of 5.03 E8 Pa is higher than the maximum equivalent 
strength of 1.85 E8 Pa. Therefore this material is strong enough to 
maintain the structural integrity when put under significant loads 
but is still lightweight enough to be convenient for the patient. 
 

 From left to right: 
BME Team #9: Kenny Tang, Fearass Zieneddin, 
Jacob Grosso, Nicole Romano, Kelsey Clemens 
ECE Team #1825: Jeffrey Martin, Mohammed 

Serdah, Philip Syrrist 
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Our senior design project is the implementation of a cloud-based 
battery management system. A battery management system is a 
utility that provides analytics on battery charging, from direct 
metrics such as voltage and current, to more derived metrics like 
state of charge and state of health. This information is important 
not only to battery researchers but to systems that depend on 
stable battery performance. Conventionally, battery management 
systems depend on serial communication with the battery system, 
tethering the information generated by the battery (or array of 
batteries) to the cells themselves.  Our project seeks to modernize 
this approach. By connecting the batteries to a localized system 
that reports over the internet (wirelessly or through ethernet) to a 
cloud database, we can aggregate battery data for analysis 
remotely, amplifying battery research potential and general BMS 
ease-of-use. 
 
The battery management system will rely on IoT and cloud 
services to deliver battery analytics in real time to a web page that 
will be accessible remotely for the user. Doing so is an 
improvement on the existing system that requires the user to be in 
proximity to their batteries in order to monitor their charging 
conduct. Further, this implementation will allow for a BMS that 
exists at any scale, but centralizing processing power (through the 
Cloud) and localizing data acquisition, the system will be able to 
work for any quantity of users, and will passively generate a 
compiled database of battery infometrics from all sources, serving 
as a powerful resource for battery researchers. 
 
Localized data acquisition will be handled by a wifi connected 
microcontroller which will use analog-to-digital converters (ADCs) 
to intercept BMS-outputted channels from the battery. This “node” 
will be responsible for a variable number of batteries, depending 
on the array size. The node will report to a cloud platform hosted 
on Amazon Web Services (AWS) which will handle data storage, 
identity management, and off-location computations. Likewise, a 
user-facing portal developed on the AWS backbone will provide 
endpoints for users of the system, as well as insights into larger 
battery charging trends. 
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There is a popular growth in undersea industry, especially 
autonomous underwater vehicle(AUV). The primary need of this 
project is to transfer power and data for these devices wirelessly in 
an underwater environment. Since the devices themselves 
consume abundant energy and manually recharging will require 
additional labor; the data achieving will also be challenging 
considering WiFi is not available underwater. 
 
The underwater wireless power and data transfer (UWPDT) system 
is divided into three main components: the transmitter, receiver and 
the inductively linked coil which serves as a channel between the 
latter two. The transmitter is responsible for developing a signal and 
amplifying power which is then transmitted through the coil. The 
receiving circuit on the right rectifies the received power and uses a 
control system to adjust the coupling coefficient, thereby improving 
the system efficiency. 
 
In our design, a data signal generator is added to the transmitter 
circuit and a data receiving system to the receiver circuit for 
reconstructing message sent. Once the bidirectional data and power 
transmission is implemented, this feature is used to develop a novel 
Energy Encryption to protect the power from unauthorized use. The 
goal here is to ensure that energy is transferred only to the 
authorized users or to the specific receivers, while saving power at 
the same time. 
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Overview of underwater wireless power and 
data transfer (UWPDT) 

UWPDT block diagram 
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project is to transfer power and data for these devices wirelessly in 
an underwater environment. Since the devices themselves 
consume abundant energy and manually recharging will require 
additional labor; the data achieving will also be challenging 
considering WiFi is not available underwater. 
 
The underwater wireless power and data transfer (UWPDT) system 
is divided into three main components: the transmitter, receiver and 
the inductively linked coil which serves as a channel between the 
latter two. The transmitter is responsible for developing a signal and 
amplifying power which is then transmitted through the coil. The 
receiving circuit on the right rectifies the received power and uses a 
control system to adjust the coupling coefficient, thereby improving 
the system efficiency. 
 
In our design, a data signal generator is added to the transmitter 
circuit and a data receiving system to the receiver circuit for 
reconstructing message sent. Once the bidirectional data and power 
transmission is implemented, this feature is used to develop a novel 
Energy Encryption to protect the power from unauthorized use. The 
goal here is to ensure that energy is transferred only to the 
authorized users or to the specific receivers, while saving power at 
the same time. 
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TEAM: 1828
SPONSOR: ECE Department
ADVISOR: Prof. Abhishek Dutta

Cyborg Insect
Micro Ground Vehicles (MGVs) hold many different potential 
applications including military reconnaissance, subterranean 
mapping, and search and rescue. However, due to vehicle size 
limitations, supplying sustainable power has been a major issue in 
the advancement of the technology. Recently, groups at the 
University of Berkeley and University of Michigan have had some 
successes creating insect-machine hybrids, or “insect cyborgs”. As 
a result of evolution, insects have inherited compact and energy 
efficient forms, which makes them ideal candidates for MGVs. To 
develop this cyborg technology further, more high level research 
will have to be done in this emerging field, which will in turn require 
the development of tools to assist researchers in running 
experiments and gathering data.

The goal of Team 1828’s design project is to develop a highly 
mobile, customizable platform with which researchers can 
stimulate and record data from a variety of insect hosts. This 
device will be locally powered, bluetooth compatible, and support a 
range of different output stimuli and feedback data. In addition, it 
also will be small enough to mount to the back of an insect and still 
allow a full range of motion. The ideas for the functionality of this 
design were founded on a great deal of background research and 
experimentation. 

A variety of initial tests including antennal stimulation, extracellular 
recordings, and cyborg surgeries were performed in order to 
discern the necessary requirements for the research device. By 
using PWM signals applied to different areas, we found the roach’s 
movement can be manipulated to desired paths through an open 
loop control scheme. The inclusion of data recording abilities 
allows the option to close this control loop with feedback, in 
addition to the obvious experimental recording advantage. 
Because the trajectory information is very important for the 
development of an MGV, the addition of an accelerometer and 
gyroscope on the device will allow valuable position and 
orientation information to be logged. All data will be transferred via 
bluetooth between the backpack and a separate computer, where 
data logging and command programming will be performed. All of 
these considerations were made with the goal of making the 
backpack as flexible and efficient as possible for the potential 
researcher.

From left to right: M. Justin Whitelaw, Daniel
Trombetta, and Ryan Saltus
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Drone technologies have been operated by the military for 
the past few decades and have now made their way into the 
consumer market. As a result, consumers can use drones not only 
for entertainment purposes but also for solutions to real word 
problems, one being package delivery. Warehouses today are 
using robots that are able to maneuver themselves and place 
packages only in two directions, up and down, side to side, which 
is unproductive. To solve this problem, implementation of drones 
will make the process more efficient. This will allow packages to be 
moved and sorted in all directions, with the result being reduced 
time moving from point A to point B.  

 
The goal of this project is to design a drone that can 

retrieve boxes, move them to a new location, and stack them. In 
order to accomplish this task, the drone needs some means to 
manipulate the desired packages. To pick up packages a 
mechanical end effector for the drone, designed around both the 
method of attachment to the drone and the package itself, will be 
used. Mounted centrally below the drone, the gripper could also be 
used as landing gear. Due to the simple nature of the items to be 
retrieved, such as small boxes, the design and implementation 
specifications are less rigid and offer flexibility with the design.  

 
In addition to the mechanical requirements of the drone, 

imaging sensors are necessary for the system to see where it is 
going. The drone gathers height and position data from infrared, 
and optical flow sensors, respectively. These systems allow it to 
have accurate height information, as well as stable position-hold 
while in flight. Reliable imaging is of paramount importance as the 
tasks the drone is intended to carry out each require accurate 
positioning in all planes to complete. The sensors of the drone will 
be what allows it to retrieve & place objects, as well as 
automatically land. 
 
 

 
Tony Chen, David Kay, Ravi Patel 
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Delivery Air Vehicle 
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The Rectory School at 528 Pomfret Street in Pomfret, CT is a grade 
K-8 private boarding school with a total enrollment of 218 day-
students, 137 boarding students, and a number of faculty that live on-
site. The school’s existing septic system is not large enough to 
handle an expected 50% increase in enrollment over the coming 
decade. The goal of this study was to design an updated septic 
system for the Rectory School following the Connecticut Department 
of Energy & Environmental Protection (CT DEEP) standards and 
regulations. The design includes a septic tank, grease interceptor 
tank, distribution boxes, and a leaching field with concrete galleys for 
subsurface infiltration. Two recreational fields have been 
incorporated into the design over the leaching area. 

 
There are a number of design considerations for a large-scale septic 
system, including adequate treatment of pathogens, total suspended 
solids (TSS), biochemical oxygen demand (BOD), as well as nutrient 
reduction for nitrogen and phosphorus. This is achieved through a 
combination of pre-treatment within the septic tank, a 21-day 
horizontal travel time for the effluent, and having a sufficient soil 
capacity for treatment post-discharge. Typically, a 3-foot vertical 
distance from the bottom of the leaching galleys to groundwater is 
required. Since the site does not provide the required distance, a 
lateral sand filter will be implemented. The anticipated design flow of 
this septic system is 34,367 GPD, which was calculated using the 
Connecticut Department of Public Health (CT DPH) On-site Sewage 
Disposal Regulations and Technical Standards for Subsurface 
Sewage Disposal Systems. Because of the presence of wetlands on 
the school’s property, the placement of the system is in conformance 
with the Town of Pomfret’s Inland Wetlands and Watercourses 
Regulations. 

 
 

 
Kyle Cappotto, Joshua Crittenden, Jonathan 
Detoudom, Danny Ross, and Sarah Rudnick  
 
 
 

Rectory School Wastewater 
Renovation 
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Allnex USA, Inc. (Allnex) requested assistance with designing a 
new aeration basin to improve the performance of their on-site, 
industrial wastewater treatment system. The aeration tank is 
responsible for the removal of organics and nitrogenous 
compounds from the effluent through biological and nitrifying 
processes. Allnex’s current basin uses surface propeller 
aerators that are inefficient in oxygen transfer and electrical 
consumption. Designing a new tank must satisfy the facility’s 
specific needs while operating under strict regulations set by the 
NPDES permit. The limits established in this permit, as well as 
monthly concentrations from discharge monitoring reports, 
provided the necessary data to calculate parameters needed to 
create models that serve as a standard for evaluation. The goal 
of these models was to evaluate multiple reactor and diffuser 
combinations to determine viable replacement aeration basins. 
 
Calculations on four different reactor-diffuser combinations were 
performed to determine the most efficient aeration method. 
These models include completely mixed flow reactor (CMFR) 
and a plug flow reactor (PFR), both with either coarse bubble or 
fine bubble membrane diffusers. The reactor types were 
compared to examine how the configuration effects treatment 
efficiency. PFRs encourage the transfer of oxygen and 
decomposition of contaminants at a much higher rate than in 
CMFRs. However, CMFRs have the maximum resistance to 
toxic shocks, a factor that must be considered for Allnex’s 
wastewater characteristics. Frequent and extreme chemical 
shocks to a PFR can kill the microbial sludge. The reactor type 
must provide adequate oxygen to satisfy the demand for 
average and peak flows. This is accomplished by diffusers. 
Coarse bubble diffusers result in a lower aeration efficiency than 
fine bubble diffuser systems but, due to the resins in the 
wastewater, coarse bubble diffusers are not as susceptible to 
clogging. Excessive floc accumulation on the fine bubble 
diffuser pores can significantly reduce treatment effectiveness 
and increase maintenance costs.  
 
. 
 

 
Juliana Gorski, Justyn Millamena, Priyanka Sonone  
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Coarse and fine bubble water circulation patterns 

 
 

 
 

PFR and CMFR flow configurations 
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Franklin, CT is a small rural town in southeastern Connecticut, that 
is looking to develop its commercially zoned properties. With an 
increase in businesses and population, the town will need to 
develop its public water supply and sewer systems. Currently the 
town’s supply comes mainly from private wells. In order to promote 
and keep up with growth, the town of Franklin is looking to create a 
public water system. To solve this problem, this project assessed 
two options to create a centralized water supply for the main 
commercial road in the town, as well as ways to treat and dispose 
of the wastewater.  
      
The first option was to connect to the water and wastewater 
systems of Norwich, CT. Norwich, CT is located to the 
southeastern side of Franklin. Norwich has a 12 inch diameter 
water main located on New Park Avenue within Franklin allowing 
easy access to the Norwich Public Utility water and sewer service. 
Based on an assessment of the base and peak predicted water 
demands, a piping network was sized to supply water to this 
development area. If Norwich agrees, and regulations are met, this 
could be a viable option. The alternative option assessed was to 
construct a public well field in an empty state-owned parcel. This 
required surveying of land and soil types for optimal well 
construction conditions, as well as designing a water holding tank 
and a pipeline that will ideally flow from high to low elevation, or 
from north to south along the project area, to minimize operating 
costs. This requires treatment of the water coming from the wells, 
in order to meet drinking water standards.  
 
Two options were considered for the treatment of Franklin's 
wastewater. The first option was the construction of a wastewater 
treatment plant at the southwestern edge of the town, which can 
easily discharge its effluent into the neighboring Yantic River. 
However, because of the town’s small population (currently ~2,000 
residents), wastewater injection into the soil was another possible 
option. Based on a soil assessment of the area and predicted peak 
demands, we were able to determine how well suited the area was 
for wastewater injection.  

 

 

 

 

 
Melanie McFadden, Zihan Huang, Warren 
Maskell IV, Elizabeth Lagoy, Nicholas Masse 
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Comprehensive Environmental, Inc. (CEI) is a civil and 
environmental engineering firm providing expert consulting and 
design services to federal, state, municipal, non-profit, and private 
clients. They are under contract with the U.S. Army Corps of 
Engineers (USACE) to investigate and clean up a formerly used 
federal defense site (FUDS) on the coast of Rhode Island through 
the FUDS program, which aims at the restoration of thousands 
such sites across the country.  

The site under investigation is located in North Kingstown, 
Rhode Island, and is bounded by Quonset Airport, the Aqua Tank 
Farm Facility, and Narragansett Bay. These boundaries were 
outlined by an environmental site assessment (ESA) investigation 
in 1994 and by subsurface site investigations in 1995. The land 
was then leased to the Atlantic Shellfish company to establish a 
shellfish processing plant that never materialized. The waterfront of 
the site was previously used for ship repair. The Aqua Tank Farm 
is a former facility for underground storage tanks (USTs) for 
aviation and jet fuel, which has already undergone investigation 
and clean up. Quonset Point was used almost exclusively for 
military purposes throughout its history, including a dry-cleaning 
facility, a salt water pumping station, and a radar station. The 1994 
ESA report identified 13 potential sources of contamination at the 
Atlantic Shellfish site, but there are significant data gaps from past 
remediation efforts.  

The team has been tasked by CEI to design a field 
sampling plan that will delineate the presence of residual 
contamination at the site, provide sufficient data to serve as a 
basis to form a Remedial Action Plan, as well as conduct an 
ecological risk assessment of the site. These will be performed 
according to the standards set forth by USACE, as well as the 
Rhode Island Department of Environmental Management. The field 
sampling plan outlines the location and methods for the installation 
of groundwater monitoring wells and soil borings, as well as the 
sampling depth, number of samples, and analytical protocols for 
the identified contaminants of concern (COCs).  The ecological risk 
assessment focuses on threats to biota in the harbor posed by the 
contaminants. As part of the research for the risk assessment, the 
team has studied adjacent sites to determine what chemicals are 
considered threatening to the species common to the area. 
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Commercial Solar Works proposed to design a self-sustaining 
microgrid consisting of an anaerobic digester (or biodigester), a 
photovoltaic (PV) solar array, and a battery which will be designed 
by the environmental and electrical engineering teams. Waste 
sludge from the Windham Water Pollution Control Facility (WPCF) 
will be fed into the biodigester to produce and capture methane 
which would then be used to power a generator. The solar array 
will provide additional energy, fueling the facility when the 
biodigester is not in use and also powering on-site energy usage 
that is not covered by the generator. Any excess energy would be 
stored in the battery to provide backup power in case of an outage 
or during maintenance of the other energy-producing systems. The 
environmental engineering team is focused on designing a 
biodigester for optimal methane capture. 
 
Methane is a byproduct of microbial activity during anaerobic 
digestion which breaks down sewage sludge in a three-step 
process. The first step is hydrolysis of lipids, proteins, and 
cellulose in which bacteria produce enzymes to break down 
macromolecules into smaller, more digestible forms. These small 
molecules are further broken down into fatty acids by anaerobic 
and facultative bacteria.  Finally, in the methanogenesis phase, the 
fatty acids are digested by methanogenic bacteria. This digestion 
process generates methane biogas as a byproduct that can be 
captured to generate heat and electricity. Since the 
methanogenesis phase is highly sensitive to environmental 
conditions, our design of the digester accounts for multiple 
variables to determine methane production and energy content for 
a given slurry. 
 
The anaerobic digester for this project follows standard design 
calculations to ultimately determine maximum methane production 
and sizing of the biodigester based on sludge data from Windham 
WPCF. The following data was collected for the sludge: flow rate, 
chemical oxygen demand, total suspended solids, nitrogen, 
phosphorus, and alkalinity. Other parameters had to be assumed 
based on standard values. The preliminary calculations suggest 
that Windham WPCF can generate about 1500 m3/day of methane 
which has an energy content of approximately 3.22 x 107 kJ/day. 
The energy produced from the methane and the PV arrays, 
designed by the electrical engineering team, will ideally supply 
sufficient power to operate the facility. 
 

 
Design of Anaerobic Digester to 
Capture Methane & Power 
Microgrid at the Windham WPCF  
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Project Team: (From left) Sara Nelson, Kim Quach, 
Emma Hughes 
 
 
 
 
 

Aerial view of the Windham WPCF  
 
 
 
 
 

Anaerobic Digestion and Microgrid 
Process Flow Diagram 
 
 
 
 

Parameters for an Anaerobic Digester 
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The University of Connecticut Team VOC has worked to develop a 
model to investigate contaminant fate and transport of volatile organics 
in the water-NAPL-gas phases beneath an Engineering Control. In 
order to investigate the upward migration of volatile organic vapors, 
their potential accumulation beneath the cap and later migration, a 
multiphase flow simulator called NAPL Simulator (US EPA, 1997) was 
used. Using the 2D graphical User Interface version of the model 
allows for numerous cross-sectional simulations to be created across 
the soil profile of the cap. A more detailed description of the NAPL 
Simulator is included in the final results report.  
 
The Site in which the Engineering Control is located was formerly a 
bulk solvent unloading delivery station, used for the delivery of large 
quantities of solvents, oils, and gasoline to other portions of the 
property. The area surrounding this unloading station consisted of trap 
rock and a small bituminous curb that acted as the only means of 
secondary containment at the station, resulting in the migration of 
contaminants to the underlying subsurface soil. These released liquids 
have the potential to migrate vertically through the unsaturated zone 
and potentially into the ground water, depending on the volume 
released. Infiltration of precipitation could also result in the vertical 
migration of dissolved contaminants deeper into the soil. Some of the 
constituents of concern are Trichloroethane, Dichloroethane,Vinyl 
Chloride, Tetrachloroethylene, trichloroethylene, and 
Dichloroethylene.   
 
In order to mitigate damage to the surrounding ecosystem, soil from six 
different exceedance areas on the property was excavated and moved 
to a central location on the site, then covered with a concrete 
Engineering Control Cap.  Figure 1 above is a soil profile taken from A-
A’, demonstrating four different types of soil on the property and some 
Soil Boring and Monitoring Well placement data. Shown in Figure 2, 
outlined in blue, is the engineering cap on the site. Throughout the 
utilization of this program, we were able to determine migration 
patterns of the contaminants of concern and determine if they have 
moved outside the bounds of the Engineering Control.  
 
A Sensitivity Analysis was conducted to determine the accuracy of the 
NAPL Simulator. This included the use of a functional model, Figure 3, 
and comparing the output data with current data on the site. This will 
allow future users to be more aware of the applicability of this model to 
other similar projects.   
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Figure 1. Soil Profile A-A’ 

Figure 2. Aerial view of Engineering Cap 

Figure 3. Model of NAPL Model 
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The Hydralyzer is a wearable medical device that is capable of 
noninvasively monitoring a user’s hydration status in real time. The 
project originated in the School of Nursing as a student 
entrepreneurship project that teamed with MEM students. The 
project was continued in 2016-2017 as a UConn School of 
Engineering Senior Design Project and now again in 2017-2018 for 
Senior Design. The importance of this project is that an estimated 
75% of the United States population is at risk due to hydration 
issues. For example, with dehydration (hyperhydration), someone 
can only last about 100 hours without water in a normal setting and 
significantly less when under sunlight. 
 
The outcome of this project is a smart-watch that will allow for a 
user’s real time monitoring of their hydration status. The product 
has the opportunity to be marketed to a great number of 
customers, in both the recreational and medical fields. In 
recreational uses, the devices allows for monitoring of an athlete’s 
hydration status to prevent dehydration during a workout. There 
are also significant opportunities in the medical field, as the device 
can be used by patients with diseases that require continuous 
monitoring of hydration levels. Additionally, use of the device with 
both the elderly and infant populations allows for the identification 
of hydration issues for groups that may not be able to 
communicate a need for water.  
 
This year’s team has taken a new approach to the development of 
this sensor, as the device developed during the previous year was 
found to provide inconclusive results. The method being used is 
known as Bioimpedance Analysis (BIA). This method measures 
the impedance across a small section of skin to determine the 
hydration status of the user. A lower impedance across the 
electrodes is indicative of a higher hydration level. This method is 
validated through various tests on both skin analogs and human 
subjects. To provide a preliminary validation of the method, 
cardboard was used as the skin analog, and was measured in both 
a wet and dry state. At the completion of this validation, human 
tests were conducted to determine the validity of the method in a 
highly variable environment, with a much narrower hydration 
range. At the completion of testing using a preliminary prototype, 
the device will be miniaturized and integrated into a smartwatch 
style device.  
 
 

  

 Shown Left to Right: Katherine Endress, John 
Spessard, Dr. Diane Van Scoter 
Not Shown: ECE- Connor Garvey, Mohamed 
Issa, Joann Duman, and Dr. Rajeev Bansal 
Nursing- Bright Eze 
Student Sponsors- Logan Sloan and Stephen 
Gallo 
 
 
 
 

Hydralyzer: Design and Validation 
of a Wearable Hydration Sensor 
 

TEAM: 1 
SPONSOR: UConn School of Engineering/ 
Nursing 
ADVISOR: Dr. Diane Van Scoter, Professor 
Christine Meehan, and Professor Anna Bourgault 
 
 

MANAGEMENT AND ENGINEERING FOR MANUFACTURING 



144

Atlas Manufacturing is a leader in the aerospace 
industry, specializing in small, complex engine components. 
This small, yet cutting-edge team of hard working individuals 
has made it a priority to maximize efficiency and minimize 
process time. This project attempts to define what an 
efficient process is and how to move from the current model 
to a more efficient and improved process model. The current 
model for inputting drawings is inefficient and outdated, often 
resulting in incorrect values and dimensions. These errors 
waste a lot of time and require manual changes for each 
drawing. They can also pose a safety risk if the error is not 
caught. The time it takes to manually input values for 
complex parts with 350+ characteristics slows down the 
process further and adds unnecessary and repetitive work 
for Atlas employees.  

 
The goal of this project is to design a new state of the 

art software system that simplifies the process for users to 
digitize their drawings and designs with integrated features 
never seen before. Newer forms of technology were 
incorporated into the system to ensure its efficiency and life-
span do not falter any time soon. ROI research was used to 
analyze the value of implementation of the new program to 
generate a monetary representation of the time savings and 
increased capacity potential over the old system. 

 
  With the current process taking up unnecessary 
hours of employee time to correct the drawings, updating the 
process with a state of the art program will produce several 
benefits for all branches of the company. By allowing Atlas to 
minimize their slack time, while increasing their efficiency, 
and overall employee satisfaction, the implementation of the 
new system should result in excess profits and production 
rates. 
 

 Shown from left to right: Jay Verma, John Barrett, 
and Dr. Diane Van Scoter  
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Dymax is a Connecticut based company specializing in UV curable 
adhesives and light curing technology. Their technologies are 
utilized in industries such as the medical, electronic, optical, 
aerospace, automotive, appliance, and alternative energy. Dymax 
provides engineers with tools to improve manufacturing efficiency 
and lower costs. 

  
Light curing adhesives are a drastic improvement from traditional 
adhesives or other solutions, because they bond pieces together in 
seconds, minimizing the time required for the part to dry or set 
before the next stage in the manufacturing process. With UV/LED 
curing, this step becomes a seamless part of the process which is 
highly applicable to any manufacturing process that involves the 
adhesion of parts. It can also be adapted for any size or type of 
product. 

 
Due to the usefulness of these adhesives, competitors with similar 
products have entered the market. Dymax wants to have a better 
understanding of their competition, and how their products 
compare in terms of performance, features, benefits, and cost. 
This project performs a market analysis evaluating Dymax 
products against competitors’ products based on eight metrics: 
emitter frequency, intensity, uniformity of irradiation, light engine 
temperature and efficiency, integration capabilities, degree of 
complexity, quality of technical support, and operational costs. The 
combined matrix scores of these criteria will allow the value of 
each product to be evaluated against its cost.  

 
The outcome was to identify the players in this environment, 
understand their products and accompanying business strategies, 
and determine where Dymax stands within this analysis. Knowing 
how market products rate against each other as well as 
understanding business strategies is very useful for any company. 
This knowledge will give Dymax a competitive advantage due to 
direct comparisons of products, with quantitative information not 
available by other methods. It also makes transparent competitor 
claims regarding their product capabilities.   
 

 
 
 

Pictured from left to right: Katherine Larkin, Teresa 
Lally, Lewis Hassenfeldt, Matthew Rupp, Dr. Diane 
Van Scoter 
 
 
 
 

Dymax Competitor Analysis of UV 
Light Curing Machines 
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Robot  and  Feeding  System  
Implementation  
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ADVISOR:  Diane  Van  Scoter  
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Group  pictured  left  to  right:  Michael  Afeltra,  Jarrett  Gray,  
Spring  Ma,  Diane  Van  Scoter    
	  

	  

CooperSurgical  (CSI)  has  been  a  leader  at  the  
forefront  of  women’s  healthcare  for  over  25  years.  In  order  to  
remain  competitive  in  the  healthcare  industry,  CooperSurgical  
is  continually  improving  and  investing  in  themselves  to  have  
more  lean  and  efficient  operations  while  consistently  
delivering  high  quality  products  to  their  customers.  In  the  
summer  of  2016,  CSI  invested  in  a  new  automatic  packaging  
machine,  a  Colimatic  Thera  650  to  cut  costs  on  the  packaging  
of  a  high  volume  line,  the  Carter-Thomason  CloseSure  
Systems  (CTI).  The  machine  forms,  fills  and  seals  the  trays  
for  the  CTI  suture  guides.  The  filling  aspect  is  currently  done  
manually,  decreasing  the  machine  utilization  by  not  operating  
at  capacity.  In  order  to  increase  throughput  to  optimal  
operating  capacity,  CSI  asked  for  help  from  a  MEM  senior  
design  team  from  UConn.  The  project  was  to  automate  the  
pick  and  place  process  of  the  guides  onto  the  machine.   
   The  primary  objectives  of  this  project  were  to:  (1)  vet  
quotes  and  designs  from  various  feeding  system  
manufacturers  leading  to  the  purchase  of  a  system.  Our  team  
had  to  ensure  all  requirements  desired  by  CooperSurgical  
were  able  to  be  met.  (2)  Implement  a  Universal  Robot  to  
execute  the  pick  and  place  process.  The  robot  had  to  be  
seamlessly  integrated  to  the  existing  process  and  
programmed  to  execute  the  proper  motions  to  guarantee  
reliability.  (3)  A  dual  slot  vacuum  end  effector  (gripper)  was  
designed  and  attached  to  the  robot  to  handle  the  parts  gently  
and  effectively.   
   Implementing  this  automated  system  increased  the  
overall  efficiency  of  the  packaging  process,  pushing  quality  
products  out  the  door  at  faster  rates.  This  decreased  
expenses  from  labor  and  procedural  human  error,  downtime,  
and  inefficient  operation,  while  increasing  overall  long-term  
profits  of  the  product  line.    
   The  team  was  able  to  work  within  a  budget  of  
$150,000  and  only  used  $80,000  –  saving  CooperSurgical  
$70,000  on  their  budget.    

In  the  finishing  months  of  the  project,  the  group  
performed  statistical  verifications  of  the  individual  
components  of  the  system.  The  completion  of  this  project  
allowed  the  packaging  machine  to  run  closer  to  capacity,  
maximizing  the  company’s  initial  investment.   
 

Image  1:  Colimatic  Thera  650  

Image  2:  Carter-Thomason  Parts  in  the  tray  

Image  3:  Gripper  Prototype  
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Additive manufacturing (AM) is a cutting edge and evolving industry 
providing advantages such as rapid prototyping, reduced material 
waste, and the ability to create complex geometries. Direct Metal 
Laser Sintering (DMLS) is a form of AM that leverages an iterative 
process and laser to fuse a bed of metallic powder. This process 
creates internal defects and areas of concentrated stress, which 
diminish the mechanical properties of the AM part. Lower yield 
strength as a direct result of defects means that DMLS created parts 
are not robust enough for use in many aerospace applications.  
 
Chosen for properties such as bond strength and a low coefficient 
of thermal expansion, Al Si10Mg is ideal for the DMLS process. The 
metallic structure that grants these benefits, also provides 
drawbacks. A high silicon content, coupled with internal defects such 
as high porosity, yields mechanical properties lower than other 
aluminum alloys. Our sponsor has identified these drawbacks and 
proposed mitigation with the design of post-production heat 
treatments. By designing and optimizing this process, the goal is to 
allow further expansion of DMLS created parts in the aerospace 
industry. 
 
After obtaining several AlSi10Mg samples from Lockheed Martin, 
mechanical evaluation and identification of initial properties was 
begun. Working together with our Material Science and Engineering 
teammates, the samples underwent tensile and hardness testing, x-
ray diffraction, and examination through a scanning electron 
microscope. This research enabled our team to determine the effect 
of different post processing techniques on the crystal structure and 
creation of different metallic phases. These variances correlated 
directly with tensile strength and hardness, indicated by the sponsor 
as highest priorities. With the goal to achieve mechanical properties 
of Al 6061, an optimal process was identified by trial of various heat 
treatments, hot isostatic pressing and combinations of the two.   
 
The research and process development gained through this project 
will enable DMLS processed parts with the benefits of AM to be used 
in a wider range of applications, changing the future of aerospace 
part production.   

 

 Shown left to right: John Lane, Nicholas 
Casparino, Cooper Feltes and  Dr. Diane Van 
Scoter. 
(Not Shown: Material Science Engineers, Carl 
Rizzo, Carissa Dibattista, and Dr. Seok-Woo Lee) 
 
 

Optimized Post Processing 
Treatment of Additively Manufactured 
AlSi10Mg 
 

TEAM: 5  
SPONSOR: Lockheed Martin 
ADVISOR: Dr. Diane Van Scoter 
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XT is software used by courier companies to perform many daily 
operations such as receiving orders, assigning deliveries to 
drivers, and monitoring the status of drivers along their routes. The 
software comes with many features such as online order forms and 
package tracking which provide increased customer service. There 
is an app that drivers can use to increase communication with the 
dispatch center about any delays or damage of the parcels. 

 
The software is great for small courier companies because of its 
low cost and easy to use interface. It can help these smaller 
companies compete with larger courier services; however, it is 
difficult for small companies to get the most out of CXT and use 
the software optimally. CXT is a very dense software and without 
an employee dedicated to learning about all the features the 
software has to offer most companies end up using the “bare 
bones” of the software. Doing this is fine, but if a company would 
like to be able to grow and increase their capacity to take orders, 
the software must be used to its fullest extent. 

 
A ‘demonstration’ firm that had implemented a ‘bare bones’ 
solution was compared against a firm using all the features, under 
the same conditions. Our group was able to use CXT University as 
well as process improvement techniques to help companies use 
CXT more efficiently and avoid problems associated with taking on 
more orders. We noticed a positive correlation between order 
numbers and late deliveries and our changes, such as using a 
driver ranking system to assign drivers effectively given order 
details and changing to an online order form instead of taking 
orders by phone, were meant to stop this trend. 
 

 
 

 Shown left to right: Andrew Singer, Dominick 
Picchione, John Kuzoian, Professor Diane Van 
Scoter 
 
 
 
 

 
 
Courier Software Efficient Use 
 

TEAM: 6 
SPONSOR: UConn School of Engineering 
ADVISOR: Dr. Diane Van Scoter 
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AeroCision manufactures unique components used for jet turbine 
engines. The components are manufactured to precision and 
accuracy each time they are constructed. The result of a defective 
part leads to wasted resources and could potentially cause bigger 
problems if they are not caught in time. AeroCision uses 
automated manufacturing to improve their precision of each part. 
The parts are produced using G-Codes specifically designed for 
milling and cutting purposes. The current process uses a clamping 
fixture to hold the ring in place, which is then locked onto the 
machine arm to move systematically through the cutting and 
milling process of the part. The company experienced axial 
torsional slipping problems between the ring and the fixture. This 
issue has caused AeroCision a number of flawed pieces that must 
be scrapped, costing them lots of money. AeroCision has added a 
safety pin to lock the ring in place and prevent it from slipping. 
However, incorporating the drive pin has caused other 
manufacturing problems and has triggered more defects. 
AeroCison’s goal is to install a clamping fixture that does not cause 
the ring to slip while also removing the drive pin, ultimately 
removing an extra step in their process to save time.  
 
Our Senior Design team has found a new design that would fulfill 
Aerocision’s objectives without changing the current clamping 
fixture’s dimensions that is set to fit the ring. The team looked at 
the different components of the clamping fixture and realized that 
the lever arms of the clamps could be redesigned to produce a 
larger normal force pressing down on the ring. With more force 
being exerted by the clamp, it will provide a stronger hold between 
the clamp and the ring, thus reducing ring slippage. Testing 
procedures included finding the normal force produced by the 
original clamps as well as finding the coefficient of friction between 
the ring and the clamping fixtures base. The Unit Load Tests were 
run to find the clamps force, while the angle testing method was 
used to find the coefficient of friction. Ultimately, after looking at the 
geometry of the clamping fixture, our team recommended widening 
of the lever arms as well as moving the pivot point closer to the 
clamp to deliver the best results. This will be reducing the load on 
the threads of the bolt while also improving the friction force being 
applied from the clamps to the ring. The ability to apply more 
frictional force on the ring will eliminate the likeliness of ring 
slippage and the need for the drive pin.  

 
Left to Right: Kyle Russell, Tyler Jackson, Dr. Mousumi Roy 
Not shown: Nafiz Mustaqim, Nikita Noskov, Gregory Smith, 

and Dr. ZhanZhan Jia 
 
 
 
 

Clamp Fixture Improvement for  
5-Axis Machining  
 

TEAM: 7 
SPONSOR: AeroCision  
ADVISORS: Dr. Mousumi Roy (MEM)   

Dr. ZhanZhan Jia (ME)  
              

Dr ZhanZhan Jia  
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The world is quickly moving towards a future in mobility with 
sustainable energy as a main power source. Cadenza Innovation 
is a global technology leader in large lithium-ion energy storage 
systems and cost innovation. Lithium ion batteries are becoming 
the dominant power sources for a wide array of applications. 
However, the need for a higher level of monitoring and power over 
individual sub-modules exists. To contribute to the utilization of this 
technique, a multidisciplinary team of UConn electrical, 
mechanical, and management for manufacturing engineers were 
tasked by Cadenza to develop an economic, safe, and energy-
dense rack-based Li-Ion grid storage battery module. UConn 
MEM’s contribution was to design a prototype rack that will house 
their battery modules. With this design, Cadenza will be able to 
advance their Li-ion storage platform at an even greater energy 
density and lower costs. 
 
The primary task was to design a rack system to house the 
supercells that will also provide customers with system mobility 
and easy access to the embedded supercells, increasing 
functionality and ease of use. The ME group was in charge of the 
rack design prototype and internal component incorporation, while 
the ECE group was responsible for engineering and testing the 
electrical aspects of the module design. Working within Cadenza 
Innovation’s requirements and with their patented Supercell 
design, they were able to determine a 14s2p (2 parallel, 14 
serialized Supercell branches) as the optimal design for 
maximizing energy density and safety. The MEM group was tasked 
with running manufacturing and quality analyses of drawer 
assembly in the rack, along with a full bill of materials and 
fabrication cost analysis to be completed concurrently with 
component design. Translating the concept to a tangible and 
functioning rack required analysis of different design solutions 
related to the assembly of the system, with structural integrity and 
safety acting as integral variables.  
 
Intra-structure modules were drafted alongside of a dynamic 
electrical system and a final assembly was conferred after 
completing a manufacturing analysis that was in confinement of a 
bill of materials and fabrication cost proposal. The ultimate module 
design is one that is electrically, thermally, and mechanically 
sound, and can be replicated and connected in series with other 
modules based on the desired voltage range requirements under 
market competitive low-cost. 
 

  Left to Right: Cole Lusty, Sean Dunne, Dr. Mousumi Roy 
Not Shown: Timothy Burroughs, Jonathon Serio, Shawn 

Battey, Marc Himmel, Orlando Romero, Dr. 
Chengyu Cao, and Dr. Sung-Yeul Park 

 
 
 

Design of a rack-based Li-Ion 
Battery Module for Grid Storage 
Application 

TEAM: 8 
SPONSOR: Cadenza Innovation  
ADVISORS: Dr. Mousumi Roy (MEM), Dr. 
Chengyu Cao (ME), Dr. Sung-Yeul Park (ECE) 
(ECE) 
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TRUMPF Inc. is one of the world’s leading manufacturers of sheet 
metal processing machines, specializing in advanced laser 
technology. In their Farmington, CT location, they manufacture 
several different models and variations of machines. Their sub-
assembly area requires versatility and their assemblers require 
adequate work areas for their job, including workbenches that will 
fill their needs. In the hopes of increasing efficiency, ergonomics, 
and overall integration of the technology used in the assembling 
process, TRUMPF began searching for a new workbench solution. 
The transition into a new material handling system for the sub-
assembly area also called for improved workbenches. The best 
solution calls for implementing integrated workbenches to enable 
sound material flow throughout the sub-assembly system. Our task 
was to work with the assemblers and other personnel to find this 
new workbench solution. 
  
The team gathered data on the current processes and 
workbenches to analyze the types and location of wastes and 
inefficiencies.  TRUMPF employees were also consulted and 
surveyed to see what they would want most in a new workbench. 
The largest component of waste was found to be the distance and 
the time taken walking between workbenches and the computer 
stations used for various steps in the assembly process. The most 
important feature of the workbench that was desired by the 
employees was the adjustable height, which would improve the 
ergonomics, similar to the adjustable height desks available in 
most of the offices. 
 
Through the creation of a house of quality with all the requirements 
for the new workbench, we designed a bench and shared it with 
TRUMPF employees. After gathering their feedback and making 
some minor changes, we took our design to a few companies that 
specialize in customized industrial workbenches to see if they 
could give us what was needed at a reasonable price. With the 
quotes that these suppliers provided us, we created a decision 
matrix to choose the workbench that would fit best in TRUMPF’s 
assembly area. The integrated workbench has the potential to 
eliminate a myriad of inefficiencies in the subassembly line. This 
would save the assemblers time during their daily operations and, 
in turn, allow for each assembly job to be completed swiftly. 
Likewise, the workbench will increase worker morale by improving 
their working conditions via ergonomic support. 

 
Integrated Workbench 
Implementation in Sub-Assembly 
 

Left to Right: Christopher Haack, Richard Sangster, 
Cassidy Cooley, and Dr. Mousumi Roy 

 
 
 
 

TEAM: 9 
SPONSOR: TRUMPF Inc. 
ADVISOR:   Dr. Mousumi Roy 
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TRUMPF Incorporated is a family owned Original Equipment 
Machine Tool company that has its American headquarters in 
Farmington, CT. The area of focus for this project was the tooling 
department, where customers can order custom punch and dies 
for their TRUMPF punch machine tool. The production unit is 
scheduled to undertake a wholesale layout improvement and move 
to a different area within the facility. Our team was assigned to 
assist the new production layout by improving its efficiency and 
effectiveness. 
  
Specifically, our team was focused on the blank production 
process, which consists of converting raw materials into a standard 
punch or a die product using CNC mill/turn equipment. The initial 
concern of TRUMPF’s production supervisor (Mr. Chad 
Provencher) was to improve and streamline the raw material 
inventory management system. Our group used CAD software to 
design a new inventory management rack for both the punch and 
die products. The racks were designed to ensure all raw material 
types were accounted for and had enough space for inventory to 
keep up with demand. The inventory management rack 
incorporated a Kanban system where empty bins are replaced with 
full bins in a cyclical fashion to ensure the production machines 
has sufficient inventory. 
  
To maintain an efficient yet simple process, the team performed a 
5S analysis on the new blank production location. 5S is a Lean 
manufacturing technique that revamps and reorganizes any 
process using a five-step methodology (Sort, Straighten, Shine, 
Standardize and Sustain). The team took inventory of the entire 
blank production area and sorted items into categories necessary 
and unnecessary. After cleaning the area, we set everything in a 
location that was deemed to be most efficient. We improved the 
process flow by increasing accessibility and utilizing TRUMPF 
standard visual controls. Using spaghetti diagrams and other 
analytical techniques, we were able to determine the cost savings 
with the implementation of the new process. 
  
 

 
 

 
 

 

Left to Right: Henry Li, Daniel Bedrosian, Genaro 
Cuahuizo-Cuateco, and Dr. Mousumi Roy 

 
 Trumpf Manufacturing Blank 

Production Improvement Project 
 

TEAM: 10 
SPONSOR: TRUMPF Inc. 
ADVISOR:   Dr. Mousumi Roy 
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There are currently 285 million people who have some form of visual 
impairment. Most navigation aids for these individuals have been 
around for years, with the use of dogs and canes being the more 
popular options. Canes, while inexpensive, limit the freedom of the 
user’s hands and cannot provide information on moving objects 
within the person’s vicinity. Though seeing-eye dogs are an effective 
alternative, the costs of training and maintenance are prohibitive, as 
much as $50,000.  
 
Inspired by bats’ use of sonar to help them “see” in the dark, this 
project’s goal is to create a device that can serve as an alternative 
to a seeing-eye dog, while being significantly less expensive. While 
several approaches have been undertaken, they were not 
comfortable to the user. This project aims to develop an ultrasonic-
based wearable device that will enable the visually-impaired person 
to navigate around obstacles in his or her path, while also being 
comfortable and functional. Market research has revealed that 
comfort and discretion are crucial factors in ensuring satisfaction 
with products of this type. As a result, this product is closer to being 
market-ready than its predecessors. 
 
Our novel prototype utilizes a microcontroller to trigger ultrasonic 
transducers to transmit and receive signals. The microcontroller also 
converts the received signals to tiny mechanical vibrations using an 
array of buzzers that the user can sense. The positions of the 
buzzers correlate with the positions of objects in the user’s path and 
thus provide the user with useful information on avoiding such 
obstacles. The transducers and accompanying circuitry form an 
integral part of a stylish jacket.  This novel design enhances the 
user’s freedom of movement, allows for hands-free usage of the 
device, and enables the user to monitor obstacles - moving or 
stationary - all around them and avoid collisions. 

 

 
Shown from Left to Right: Laura Iliescu, Sara 
Trecker, and Dr. Diane Van Scoter 
Not Shown: Bright Eze, Professor Christine 
Meehan, School of Nursing 
 
 
 
 

 
 
Bio-Inspired Navigation Device for 
the Visually Impaired 

TEAM: 11 
SPONSOR: UConn School of Engineering 
Biomedical Department, Patrick Kumavor 
ADVISOR: Dr. Van Scoter; Professor Meehan 
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The Climate, Controls & Security (CSS) division manufactures and 
implements fire suppression systems across all disciplines of 
United Technologies Corporation (UTC). The suppression tanks 
used in many of these systems need to be inspected biannually to 
ensure each tank has sufficient fluid levels. If the fluid level within a 
tank is reduced by 2.5% from the allowable value, it must be 
replenished to comply with specification. This current inspection 
process is both manual and extremely time consuming; weighing 
each of the tanks individually by detaching them from their 
respective hoses, lifting it onto a scale, and comparing the value to 
the one previously recorded. CCS is seeking to automate this 
process to improve the accuracy and mitigate the costs of this 
inspection. 
  
These tanks are an integral part of fire suppression systems in 
buildings all across the country, which are critical to the safety of 
everyone inside. As such, a robust, reliable solution is being tested 
and designed to meet UTC’s high level of excellence. Our team is 
designing a remote mass detection device in conjunction with the 
company. We have considered the importance of redundancy, 
ease of use, accuracy, and cost efficiency in every step of the 
venture. This project seeks to develop a working prototype that can 
accurately detect the mass contained within the enclosed fire 
suppression tanks. The phenomena of resonant frequencies has 
been investigated and tested to determine the current level within 
the tank. From experimentation, it has been discovered that the 
natural frequency of the entire system changes as the amount of 
fluid content fluctuates. This relationship was tested using 
experiments to derive a model that can output accurate information 
regarding the fluid level within the tank.  
 
The final deliverable of the project is to develop a mass sensing 
system prototype that can be implemented in a small scale. This 
system consists of a motor-controlled impact device that would 
induce vibrations of the tanks, a sonar sensor/audio-recorder that 
would sense the induced vibrations, a processing unit to analyze 
the frequency spectrum of the data, fed into a Bluetooth module 
that transmits the data to an Android mobile application. With such 
a system, CSS will be able to save both time and money on the 
current inspection process while having the capability to 
autonomously track the contents of its suppression tanks. 
 

 
Left to Right: William Harasyko, Kristian Schif, Dr. Mousumi Roy 
 
Not Shown: Alex Barrera, Marilyn Duong, Daniel Fernandes, 

Hershel Patel, Amy Robinson, Le Yu, Dr. Xu Chen, 
and Dr. Necmi Biyikli 

 
 
 
 

Fire Suppression Tank 
Autonomous Weight Detection 
Sensor System 
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TEAM: 12 
SPONSOR: United Technologies 
ADVISORS: Dr. Mousumi Roy (MEM),  
Dr. Xu Chen (ME), Dr. Necmi Biyikli (ECE) 
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Holo-Krome is a premium fastener manufacturer located in 
Wallingford, CT. The company has had ongoing concerns 
surrounding unintended bending of long length-to-diameter bolts. 
To correct this, bolts are meticulously inspected for defects and 
straightened in a single rework cell.  The process is manual and 
tedious, proving to be extremely labor intensive and cost 
ineffective. This has also imposed lasting ramifications for Holo-
Krome’s fastener quality and on-time-delivery. To help augment 
the inspection and straightening process, our team performed a 
comprehensive evaluation of the work cell and developed a multi-
pronged solution aimed at improving holistic performance.  
Focusing on data collection, inspection automation, and 
quantitively supported bending, our solution presents a more 
standardized, informed, and cost-effective process.  
 
A Statistical Process Control dashboard has been implemented to 
help identify root causes and part types susceptible to bending. 
This tool provides a benchmark for Holo-Krome as they look to 
alleviate quality problems upstream the manufacturing process.  
As production changes are implemented in the future, this data 
collection tool will provide both insight and justification.  
 
A variety of work cell adjustments have been made to improve 
productivity and worker satisfaction.  Most notably, the addition of 
a semi-automated inspection system is anticipated to drastically 
reduce inspection time while increasing consistency and accuracy.  
In addition, a new multifunctional bracket has also been designed 
and fit onto the press used for physical bolt straightening.   
 
The final and most abstract component of this project is the 
construction of a quantitative bending algorithm designed to output 
the force and point location necessary to correct deformed bolts.  
This deliverable is expected to function as a training tool for new 
workers operating the straightening cell and is also viewed as the 
first step towards a fully-automated work cell.  
 

 Left to Right: Jennifer Piekos, Daniel Gustafson, Dr. Mousumi Roy 
Not Shown: Patrick Purdy, Yani Lagoutis, and Dr. Zhanzhan Jia 
 
 

Cell Redesign for Bolt Rework 
Process 

TEAM: 13 
SPONSOR: Holo-Krome 
ADVISORS: Dr. Mousumi Roy (MEM)   

Dr. ZhanZhan Jia (ME) 
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Gerber Technology manufactures material spreading and cutting 
systems to help companies take their products to the market 
smarter, faster, and more efficiently. Gerber currently offers three 
spreaders to the market, categorized by weight capacity (50, 125, 
and 250 kilograms). These spreaders are capable of automatically 
spreading layers of textiles over a large operating table in a stack 
from 2 to 50+ layers high. These layers can then be cut to size and 
formed into products depending on the company that is using the 
system. The scope of this project is centered on the 125kg 
spreader, specifically analyzing its structural limits and power 
consumption. The end goal is to determine whether this model’s 
capacity can be improved and to what extent of excess weight it 
can support. Gerber is exploring the possibility of using the 
increased capacity XLs 125 to essentially phase out the 250kg 
variant, which could lead to increased profitability. 
 
This project is a joint effort by both MEM and ME students. The ME 
students took an in depth look at the structural integrity of the 
cradle, which is the part of the machine that holds the fabric rolls 
as they are spread out. By analyzing CAD models and performing 
a complex finite element analysis (FEA), they were able to run 
simulations on the frame using weights of 125, 150, and 200 kg 
respectively. Based on their results, structural areas of concern 
were identified and provided a guide for strain gage placement and 
testing. The MEM team was responsible for performing strain gage 
verification of the simulated results, with the goal of seeing the 
same strain and deformation as indicated in the FEA. In addition, 
an analysis of the current drivetrain and motor system of the 
machine had to be done to ensure these components could handle 
the increased weight of a heavier fabric roll. In order to answer this 
question, multiple trials were run collecting power consumption 
data from the motors for both loaded and unloaded cases, and a 
determination was made on the relationship between increased 
weight and power consumption. These efforts served as a basis for 
the team’s final recommendations for the viability of upgrading the 
current XLs 125 machine.  
 
 

 
Left to Right: Doug Horan, Joshua Basil, Dr. Mousumi Roy 
Not Shown: Jonathan Wong, Matthew Maliniak, Bryan White, and 

Dr. Julian Norato 
 
 
 Gerber XLs 125 Spreader 

Capacity Analysis 

TEAM: 14 
SPONSOR: Gerber Technology 
ADVISORS: Dr. Mousumi Roy (MEM) 

Dr. Julian Norato (ME) 
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Jonal Laboratories Inc. was founded in 1965 by John Nemeth and 
has remained a family owned business. The company produces a 
wide variety of products, ranging from O-rings to fabric reinforced 
seals to custom molded shapes for aerospace applications. Over 
the past 52 years, the company has grown from a small job shop 
to a leader in custom manufacturing of elastomeric products for the 
aerospace, military, and industrial markets. 

United Technologies Corporation (UTC), a major customer of Jonal 
Laboratories, has strict supplier standards. Jonal Laboratories 
supplies many parts to Pratt & Whitney, a subdivision of UTC. New 
UTC customer guidelines require Jonal Labs to adjust how they 
operate internally, thus minimizing supplier risk. Jonal Laboratories 
has recently completed the Pratt & Whitney Supplier Health 
Assessment (SHA) and identified some gaps in their production 
and operations. These gaps are preventing them from reaching 
UTC Supplier Gold status, which is “an important distinction that 
brings suppliers considerable benefits and recognition”. Jonal Labs 
looks to reach the “Supplier Gold” status and obtain these benefits 
in the future. 

The focus of the UConn Team has been to help Jonal Laboratories 
reach “Supplier Gold” status through gap closure and addressing 
several action items from the SHA. The emphasis of this project 
has been value stream mapping, a technique which visually maps 
out an operation’s process flow and helps to identify wastes and 
inefficient processes. As per SHA requirements, the students 
created current-state and future-state value stream maps for two 
different operation areas. The future-state value stream map 
exhibits the ideal process and material flows for each operation 
area. Several measures must be taken in order to reach the ideal 
state. With this future-state in mind, the UConn Team has worked 
towards reducing waste throughout Jonal Laboratories using Lean 
methodologies such as Visual Factory, Kanban supermarket 
strategies, root cause analysis, and standard work analysis. The 
UConn Team has helped Jonal Laboratories minimize supplier risk 
for Pratt and Whitney by addressing these action items, and in turn 
moving the company closer to its goal of reaching “Supplier Gold”. 

 

 

 
 

 

  
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Pictured from left to right: Bradley D’Alelio, Hailey 
Ross, Rod Gonzalez, Dr. Diane Van Scoter 
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For 55 years, Carl Rettenmeyer and his wife collected hundreds of 
specimens of army ants as part of their lifelong research at the 
University of Connecticut. Their samples remain with the Ecology 
and Evolutionary Biology Department at the University of 
Connecticut to this day, and Dr. Rettenmeyer’s work continues to 
inspire and educate. To that end, Dr. Janine Caira (a world-
renowned parasitologist at UConn) has organized the AntU project 
to inform and educate the public on the fascinating world of army 
ants and their behaviors. Several army ant statues have been 
placed on exhibit around the UConn campus; each ant is over a 
meter long and weighs about 28 lbs. Dr. Caira has sponsored this 
Senior Design project to create a robotic platform that can carry 
such a statue around in paths reminiscent of actual army ant 
behavior. 
 
At the outset, the team investigated the controls of such a robot 
using a smaller mock-up construction driven with an Arduino 
microcontroller. The mock-up could successfully move forwards, 
backwards, and turn in place, and incorporated ultrasonic proximity 
sensors for obstacle avoidance. Commands could be sent to the 
robot from a laptop using a pair of radio frequency transceivers. 
The full-scale robot consists of a ½” plywood platform on which the 
ant statue is mounted, and DC brushed motors run a belt drive 
system with four wheels operable in either direction and within a 
range of speeds. Like the smaller mock-up, this robot includes 
ultrasonic obstacle avoidance and radio frequency communication 
capabilities. The robot follows specific instructions to move along a 
pre-orchestrated path as the user intends. The ultimate goal for the 
project in future years of Senior Design is to construct about 20 
robotic ant platforms which can all follow pre- made paths and 
interact and behave together in the same way real army ants do 
(e.g. executing bivouac formations), using the current design as a 
base. 

 
 
 

 

 

 
 Left to Right: Nicholas Leong, Owen Rockwell, Dr. Mousumi Roy 

Not Shown: Dennis Scheglov, Richard Goldman, and Dr. 
Chengyu Cao 
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 Left to Right: Gustavo Sazo, Evan Gentile, Dr. Mousumi Roy 
Not Shown:  Team members from ME and ECE Departments 
 
 
 
 
 

TEAM: 17  
SPONSOR:   UConn Electric Motorsports 
ADVISORS:  Dr. Mousumi Roy (ME),  
Dr. Wilson Chiu (ME), Dr. Sung Yeul Park 
(ECE), Dr. Ali Bazzi (ECE) 
 
 

UConn Electric Motorsports (UCEM) is an on-campus club 
sponsoring four separate senior design teams; each has a task of 
building an integral component of a single-seat electrically 
powered formula-style racecar. From design to production, eleven 
students have brought together the best components sourced from 
around the world and integrated into a single vehicle. North 
America’s first electrically powered aluminum honeycomb chassis 
is capable of accelerating from 0-60 mph in under three seconds. 
UCEM tasked the MEM team (in collaboration with students and 
faculty from both the ECE and ME departments) with aiding in the 
design, manufacture, and testing of the vehicles major 
components. 
 
The suspension system needed the upright, a component of the 
car’s unspring mass system, to be manufactured in large quantity 
and with least cost. The part had to withstand point loads of 
several hundred pounds from the steering linkages and large 
moments from the brake calipers. Topology optimization software 
(ANSYS) was used to minimize the parts weight while still being 
able to support the calculated loads. Videos and pictures were also 
taken of the cars manufacturing and processes were documented 
for future reference and improvement. Team member involvement 
has been improved through digital and physical marketing 
strategies. 

 
The battery and its management system had to be powerful 
enough to supply 30 minutes of power to the motor while not 
significantly increasing the temperature of the individual cells.  
Design of the powertrain required that the electric motor be 
sheathed and draw no more than 80kw for 100ms. The motor also 
was required to be water-cooled using a pump and radiator.  The 
team designed a single speed gearbox that is mechanically simple 
and lightweight. The design of the chassis has several 
requirements. The manufacturing process used for assembling the 
honeycomb plates required surface preparation with acetone and 
then affixing the pieces using high strength epoxy, aluminum 
gusset plates, and rivets to hold the pieces in place. To further 
increase the material strength, the pieces were cured in an oven 
the team built which reaches temperatures of 150 degrees. 
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Medtronic is a global healthcare solutions and medical technologies 
company dedicated to improving lives.  Medtronic’s vast inventory 
of medical technology includes many products that utilize a variety 
of Medtronic proprietary biodegradable polymers, including hernia 
mesh tacks, biodegradable strips, ligation clips, and sutures.  When 
considering medical implant devices, it is essential to fully 
understand the properties and expected behavior of the materials 
used.  This is necessary in order to ensure proper function of the 
device in vivo, as well as patient safety.  A misuse of materials could 
potentially result in premature failure of the implant which could 
cause further medical complications. 
  
The purpose of this Capstone project is to further characterize the 
mechanical properties of the biodegradable polymers to have 
additional data as to how the polymeric materials will function in a 
clinical environment, and degradation behavior. To confirm and 
enhance data collected from the 2016/2017 Capstone project, the 
four proprietary Medtronic molding co-polymeric materials (L1, L4, 
L11 and L41) will be tensile tested initially and after in-vitro 
degradation. The data collected will give information regarding the 
mechanical properties, including yield strength and modulus of 
elasticity taken from the calculated true stress strain curve. This true 
stress-strain data, reflecting the intrinsic properties of each polymer, 
will then be used in finite element modeling to help Medtronic design 
injection molds and predict the mechanical behavior of degradable 
implant devices initially, after implant, and during degradation.  
 
The 2016/2017 Capstone project team developed a non-contact 
video extensometer. The non-contact video extensometer will be 
used as opposed to using a tensile tester to get true displacement 
of the biodegradable samples. The video extensometer records the 
samples during tensile testing and is then able to convert pixel 
movement into displacement data, allowing for accurate true stress 
vs. true strain curves to be generated. This project will make use of 
in vitro standard operating procedures to induce hydrolytic 
degradation of polymeric tensile bar specimens to standardize 
specimen size and geometries to allow for data comparisons 
between the materials.    
 
The core needs that will be addressed is improvement of the video 
extensometer by redesigning the mount to properly stabilize the 
camera during tensile testing. Another concern that will be 
addressed is replacing the grips with suitable grips that will show 
little to no slippage in the data prior to conversion of true-stress-
strain data. If time persist, syncing of signals from the tensile test 
and camera operation will be researched to start operation of these 
devices at the same time. 
 

 

 

 

 

Gabrielle Joseph, Amber Levasseur, Brian Whooley 
 
 
 
 

Characterization of Tensile 
Mechanical Properties of 
Biodegradable Polymers 
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SPONSOR: Medtronic 
ADVISOR: Dr. Rainer Hebert (UConn) 
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The highly competitive environment of fuel control valves 
continuously requires innovation to stay ahead of the pack. 
Engineers at Stanadyne LLC are always striving to optimize 
efficiency and ease of manufacturability. The pumps they 
manufacture utilize a solenoid to control the flow of fuel. As electric 
current passes through the solenoid, the magnetic attraction 
between the two stainless steel pieces, known as the pole and 
armature, increases. The armature is attached to a flow control 
valve spool. The magnetization of these two pieces will pull the 
armature towards the pole until equilibrium is reached between 
these attractive forces and a counteractive spring. The distance 
between the pole and armature is known as the air gap. The 
resulting equilibrium points will produce air gaps of varying 
distances. The air gap directly influences fuel flow through the 
device.  

The current design utilized by Stanadyne features a lip on 
the pole piece which allows Stanadyne to greatly control the flow 
rate, but a lot of the magnetic force is wasted in the radial direction 
as the armature piece is attracted to the lip. This lowers the energy 
efficiency of the design. Stanadyne designed an alternative to the 
original design by removing the lip feature. With the new design, 
the forces between the pole and armature are all pointing 
downwards, but the magnetic force and counteractive spring force 
now come into equilibrium at two different air gaps. This makes it 
difficult to control the fuel delivery of the pump. Stanadyne would 
like to resolve the instability problem of their new fuel pump design, 
while also improving the efficiency of the old design. They wanted 
to develop a stronger understanding between the resulting 
magnetic field and the attractive forces that control the system 
operation. We planned on introducing incremental changes to 
determine what optimized the relationship between the air gap and 
pull forces. 
 All computations within this project were performed over 
the three-dimensional modeling software called ANSYS. Design 
changes were applied to a standard 2-dimension fuel control valve 
model provided by Stanadyne. Each new design was tested over a 
range of applied currents as well as multiple air gaps. Current 
results prove that changing the shape of the solenoid has little 
effect on the force vs. airgap curves, but alternative design 
changes, such as embedding a permanent magnet in the armature 
have shown promising results. 
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Finite-Element Modeling of 
Magnetic-Coil Operated Fuel 
Control Valves 
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SPONSOR: Stanadyne LLC 
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Richard Pellini, Angie Cheung (Stanadyne) 
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Minimization of waste is of paramount importance in long duration 
space missions. One proposed method of optimizing material use 
is by repurposing plastic waste into 3D-printable filament, so that it 
may be used to manufacture new tools and structures. This project 
investigates Polymer Reclamation for In-Space Manufacturing 
(PRISM) through thermal, chemical, and mechanical 
characterization of various recycled thermoplastics for evaluation 
of potential in-space additive manufacturing applications. 
 
The three candidate materials, Polyethylene (PE), Acrylobutadiene 
Styrene (ABS), and Polyethylene Terephatalate-glycol modified 
(PETG), were ground into fine pellets and extruded through the 
ReDeTec Protocycler system, resulting in spools of filament of 
specified diameters suitable for fused deposition modeling 3D 
printing. Using this recycled filament, mechanical testing dogbone 
specimen were printed and their properties were compared to 
those of raw material and the mono-filament prior to printing. 
Further, the thermal and chemical properties of these materials 
were also measured and compared against control, non-recycled, 
samples. The results of these tests offer insight into the iterative 
degradation of chemically distinct materials. These results are 
valuable to NASA (sponsor 2017) and Tethers Unlimited 
Incorporated (sponsor 2018) as these systems progress towards 
mission-ready technology readiness levels. 
 
Tensile and impact strength of all materials in printed and filament 
geometries were obtained. Preliminary results suggest varying 
rates of degradation across the investigated materials. Congruent 
with the literature, the impact strength ABS decreases as the 
material is re-recycled, while the tensile strength remains relatively 
unchanged. The mechanical properties of the printed materials are 
also compared to recycled, but non-printed, mono-filament. These 
results delineate the effects of the printing and recycling processes 
for empirical assessment of the governing degradation 
mechanisms. Characterization of the recycled thermoplastics 
included thermal scanning methods, chemical measurements of 
molecular weight distributions, and microscopy of the surface 
topology/microstructure. Coupled with the change in mechanical 
properties measured, the gamut of characterization methods 
employed offers a holistic view the individual material degradation 
behavior, and consequently garners practical knowledge regarding 
the implementation of these specific, or chemically similar, material 
systems. 

 

 

  

  

 
Zane Grady, Andrew Nguyen, Adam Wentworth 
 
 
 
 

Polymer Reclamation for In-Space 
Manufacturing (PRISM) 
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KX Technologies manufactures water filters in the form of activated 
carbon blocks. The water filters have applications varying from 
small household water filters, to refrigerator filters, to larger, more 
industrial water filtration. The carbon blocks consist primarily of two 
components: activated carbon and a polymer binder. The activated 
carbon serves as the means of filtration through adsorption. 
Adsorption is the adhesion of particles to a surface through a 
combination of Van der Waals forces, chemical and electrostatic 
interactions. Because of the extremely high surface area of 
activated carbon (about 3000 m2/g), it is a perfect material for 
filtration by adsorption. The role of the polymer binder is to give 
structural integrity to the carbon block, which would otherwise just 
be activated carbon powder. 
 
Due to the high availability of carbon blocks for filtration, they are 
viewed as a commodity. KX wishes to create a carbon block that 
stands out in the competitive market, and thus would like to 
compare a variety of polymer binder species to determine which 
optimizes the filtration process. That is, the combination of removal 
of undesirable species and consistent flow rate of water through 
the filter. Furthermore, it is of utmost importance to better 
understand the carbon-binder interactions in a carbon block, and 
how these interactions contribute to filtration performance. For this 
project, the goal is to understand how binder properties and carbon 
block microstructure correlate to carbon block filtration 
performance, so as to ultimately determine which binder is best 
suited for carbon blocks, the optimal composition of the carbon-
binder mix, and the reasons for these conclusions. 
 
Seven polymer binders were analyzed through their physical 
properties such as molecular weight, particle size, and melting 
point. The melt flow rates of the binders were found to examine the 
viscosity of the polymers. Additionally, ten activated carbon blocks, 
composed of one or more polymer binders, were analyzed. The 
compressive and beam strengths, capillary flow porometry, and 
SEM images of the carbon blocks were compared. The ten carbon 
blocks underwent chlorine and organic removal performance 
testing at KX Technologies’ facilities. The polymer binders and 
carbon blocks’ properties were correlated to the blocks’ filtration 
performance, to find trends and identify the most promising 
polymer binder. 

 
 
 
 
 
 
 
 
 
 
 
 
  

From left to right: Wei Fang, Francis Cielo, 
Florencio Topete, Claudia Chavez 

Investigation of Polymer Binders for 
Activated Carbon Blocks 
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SPONSOR: KX Technologies 
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Additive manufacturing of part replacements is an area of ongoing 
interest for many industries worldwide. For example, General 
Dynamics - Electric Boat is exploring this processing method as a 
complement to traditional machining. But without approved testing 
standards and qualification procedures, Electric Boat and others will 
find it difficult to convince major clients such as the Federal 
Government and the United States Navy to incorporate this still 
somewhat experimental approach. 

 

The ultimate project goal is to prove additive manufacturing is a 
viable alternative to traditional processing methods through 
mechanical and microstructural testing. The specific objectives are 
to: i) design and optimize an additively manufactured component 
that is crucial to a dynamic mechanical system, ii) test the integrity 
of this component as a function of cyclic loading including under 
real-world conditions; and iii) propose a qualification sheet for 
efficient assessment of additively manufactured parts to be 
implemented in this or related systems.  
 

The first project stage involves assessing additively manufactured 
ASTM D638 type- IV tensile bars via tensile testing and fracture 
analysis. Specimens are prepared with a range of infill percentages 
and layup directions. As indicated in the figures, a sprocket design 
is also additively manufactured for direct comparison with the 
conventional metal component it will replace. Endurance testing is 
performed with a drive motor and adjustable tension chain to 
evaluate the strength and reliability of the critical teeth. Failed teeth 
will be assessed as a function of load magnitude, load duration and 
additive layup design. Both tensile bars, as well as sprockets, are 
furthermore tested following environmental exposures common to 
US Navy applications, specifically saltwater, cleaning solvent, and 
UV radiation. 
 

Generally, sprockets are critical components to the functionality of 
many mechanical systems, for which additive manufacturing provide 
a reasonable emergency or even long-term solution in terms of 
customizable demand repairs. However, to guarantee reliability of 
such replacement parts necessitates documenting manufacturing 
parameters and testing procedures to serve as standards for future 
development and applications of additively manufactured 
components. This study will thereby contribute to libraries of additive 
manufacturing standards, being developed by academics and 
industry nationwide, to accelerate confidence in 3D printing for real-
world, mission critical applications such as those inherent to the 
systems manufactured by Electric Boat. 

 

ed 

From left to right: Francis Almonte, James 
Doppes, and Michel Santivanez 

Qualification of 3D Printed 
Polymer Parts 

TEAM: 5 
SPONSOR: Electric Boat 
ADVISOR: Prof. Bryan Huey, Stephen 
Thomas, Peter Chomowicz 
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Cast-film extrusion is a polymer extrusion process that has 
been performed since the 1930’s. Polymer pellets are mixed in a 
hopper, which then feeds into a heated rotating screw inside of a 
metal barrel. As the polymer melts it is moved towards the die of 
the extruder through a screw motion. The die will shape the 
polymer melt into a sheet as it leaves the extrusion portion. A chill 
roll is placed under the path of the solidified sheet to extract heat 
from the melt and solidify it. Many different polymers can be 
processed in this way. High-density polyethylene, HDPE, is a 
common material choice for extrusion due to its preferable 
properties and manufacturability. It is a very simple polymer with a 
carbon chain with hydrogen atoms that is defined as a 
thermoplastic, meaning it can be reprocessed to minimize waste. 
 

A variety of complications can occur when introducing a 
new thermoplastic mix to an extrusion process. The possible 
sources of problems are usually extrusion speed and temperature 
profile within the barrel. On the sponsor’s industrial-scale extruder, 
bubble-shaped inclusions are occurring in the cast-film extrusion of 
the HDPE mix. This could have an adverse effect on the 
mechanical properties of the film and is not acceptable for 
applications after production. The goal of this project is to identify 
the inclusion through materials characterization methods and 
propose a solution to this problem. There are specific criteria that 
guide the final solution. These criteria include the speed at which 
the resin can be produced and the capabilities of the industrial 
extruder available. 
 

Tests using the specified HDPE mix were performed on a 
small-scale laboratory extruder. Pressure readings inside the 
barrel, screw RPM and temperatures were recorded during trial 
runs. This information was used to find the shear pressures 
experienced during the extrusion on the sponsor’s industrial-scale 
extruder. Micrographs were taken using a scanning electron 
microscope of a cross-section of the bubble defect. Energy 
dispersive X-ray spectroscopy was performed on this cross section 
to establish the elemental makeup of the bubble inclusions. This 
information was then compared to available literature to find 
possible sources of the problem. 
 

 Mariel Colby and Tony Dean 
 
 
 
 

High-Density Polyethylene Product 
Development through Cast Film 
Extrusion 
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Current mold manufacturing techniques for rapid 
prototyping of titanium alloy castings are quite expensive and time 
consuming. The current industry standard is investment casting, 
which involves diecast wax forms, extensive manual labor, and 
approximately six months from design to final part. If successful, 
this cutting-edge process will permit the omission of virtually every 
step between the technical drawing and mold curing and decrease 
total processing time to a few days. 

This project is focused on the development of an additive 
manufacturing process to fabricate ceramic molds for casting 
titanium alloys. These molds must incorporate complex inner 
geometries - with tight tolerances - capable of withstanding the 
harsh environment of centrifuge casting.  

The major objective is to formulate the entire process from 
raw materials to ceramic mold ready for casting. UTAS will seek a 
partnership with Austrian company, Lithoz, that fabricates 
advanced ceramic powder additive manufacturing machines. 
Therefore, a material system and printing routine compatible with 
Lithoz’s technology must be developed. The complexity and scope 
of the project requires two primary phases, to be completed across 
multiple Capstone Senior Design projects.  

Phase I constitutes selecting ceramic powders and a 
photo-curable binder system to make up the slurry, then optimizing 
print parameters on a desktop version of the Lithoz machines. 
Once samples are successfully printed, they will be characterized 
by surface roughness, density and porosity. Next, samples will be 
subjected to an extensive post-process routine involving a long, 
low temperature exposure to burn out the cured polymer matrix; 
then immediately ramping temperature to sinter the ceramic 
particles for a number of hours to ensure consistent consolidation. 
The final objective is to characterize mechanical strength of the as-
sintered specimens to correlate slurry composition and print 
parameters with mold strength. 

Phase II goals will be more focused on transferability to the 
Lithoz machines as well as optimizing the process based on 
conclusions reached in Phase I. Potential adjustments to the 
constituents and ratios in the slurry may be made, as well as 
investigation into, or adoption of, new post-processing methods 
and parameters. Finally, it will be essential to the project to select 
or develop a face-coat primer for the interior surface of the mold in 
order to achieve minimal surface contamination specifications 
established by UTAS. 
 

 
 

 
Pictured from Left to Right: Ryan Vernlund, 
Truman Strodel, and Drew Cietek 
 
 
 
 

Additive Manufacturing of Ceramic 
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SPONSOR: United Technologies Aerospace Systems 
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AlSi10Mg is a growing choice of material in additive manufacturing 
for industry as it exhibits excellent bonding during the DMLS 
process. These high strength bonds in the sintering process are due 
to a relatively small coefficient of thermal expansion compared to 
other metallic powders due to the relatively large composition of 
silicon. However, the large silicon content and internal porosity 
reduces the mechanical properties of the alloy. Through this study 
our group will design a post processing treatment in aim to optimize 
the mechanical properties of DMLS produced AlSi10Mg parts. By 
designing an optimized post processing method our group will 
expand AlSi10Mg applications for Sikorsky AM while reducing 
production time and costs compared to traditionally fabricated parts.  
 
Today there is a strong need for additively manufactured parts in 
industries across the globe. 3D- printed parts waste less materials, 
are faster to manufacture, and are cheaper compared to casted 
parts. Sikorsky AM desires to achieve Aluminum 6061 T6-like 
mechanical properties for AlSi10Mg additive manufactured parts. 
These parts were produced using Direct Metal Laser Sintering 
(DMLS) with the powder bed fusion process on an eos machine. The 
DMLS process is known to cause internal pores in the part which 
hinder the mechanical properties and act as stress concentrators 
under loading. Through hot isostatic pressing we will measure the 
change in porosity compared to the as built part.  
  
In order to quantify the post processing treatment design mechanical 
tests were performed including tensile and hardness testing coupled 
with microstructure characterization. Testing was conducted on dog 
bone samples received from Sikorsky printed on two different 
machines. To incorporate multiple printers in our design increases 
to reach our solutions have on translating in an industrial setting. 
Mechanical properties of interest are yield strength, ultimate tensile 
strength, Young’s modulus, and elongation at break compared to 
the as received AlSi10Mg and Aluminum 6061 T6 well known 
properties. Images to the left: (Top) brittle fracture surface of an as 
received sample, (middle) microstructure plane perpendicular to the 
z-axis (z-axis is the build direction), (bottom) microstructure plane 
perpendicular plane to the z-axis of heat treated sample at 530°C 
for two hours.   
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Sikorsky is an aircraft manufacturer that produces both 
commercial and military helicopters. This project deals with 
improving the process of paint selection. There are two main 
reasons for applying paint to an aircraft: protection and visual 
appeal. Aircraft are painted in order to prevent damage from 
corrosion, and the quality of the painted surface is key to the 
performance and the longevity of the aircraft.  If the paint begins to 
peel or the surface corrodes, valuable time and money must be 
spent stripping and repainting the aircraft.  If these defects are not 
fixed, the aircraft will degrade faster due to corrosion. Appearance 
is also an important factor. For example, some aircraft are painted 
with a camouflage pattern or with radar-absorbing paint for military 
purposes while others are painted with a company logo as a form of 
advertisement. Peeling paint is unattractive to customers and affects 
the performance of paint designs such as camouflage. Some of the 
factors that are important when selecting a paint are: adhesion 
capabilities, compatibility with substrate & with other coatings, 
coating thickness & weight, processing time including application & 
cure time, cost, and Environmental, Safety, & Health considerations. 

 

 The first objective of this project is to create a model to 
calculate whether a paint will adhere to a substrate using the values 
of material properties provided to Sikorsky by their suppliers. When 
a new paint distributor sells their product to Sikorsky, the company 
should be able to determine if the paint will adhere adequately by 
plugging in a few material properties. The model’s output should be 
simple: either a “yes” or “no” regarding whether the paint will adhere. 
The second objective is to evaluate the performance of the model. 
Constraints on this model are that it should be relatively simple and 
easy to use, it should have a short calculation time, and it should 
only use variables that are available from Sikorsky’s suppliers. 
 

 The proposed solution is to create a graph of droplet radius 
versus time. As a paint droplet lands on the substrate, it spreads 
from its original shape and becomes flatter. At a certain time, the 
radius reaches its maximum value, where spreading no longer 
occurs. If, at a designated time, the droplet has achieved its 
maximum radius, adhesion between the paint and substrate will be 
considered satisfactory. 

 
Keara Frawley, Courtney Dawless, Rainer Hebert Paint Adhesion Modelling and 

Evaluation 
 

TEAM: 9 
SPONSOR: Sikorsky Aircraft 
ADVISOR: Rainer Hebert (UConn) 
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Aerospace industry is a multibillion dollar industry with a 
significant impact on military and civilian life. In term of plane and 
jet engines, thermal barrier coating are integral to their operation. 
The thermal barrier coating allow for increased durability of engine 
parts, by reducing the max temperature that the parts reach. While 
in flight the gas turbine engine will ingest sand, dirt and ash and 
this siliceous debris is what is known as CMAS. The high 
temperature environment that this CMAS enters causes it to melt 
and infiltrate into the thermal barrier coating causing significant 
degradation of the coating. This degradation of coating is 
inconsistent and causes the part to be pulled from the engine 
earlier. This costs the airline and maker of the engine a lot of time 
and money to remove the engine from the plan and repair the 
parts. Currently there are no existing models to accurately predict 
the CMAS infiltration into the TBC coatings. If a sufficient model 
can be created life of the engine parts can be more accurately 
calculated and further CMAS preventative measures can be made 
by understanding its flow into the coating. 
 

Our team is investigating the effects of one specific family 
of contaminants called calcia-magnesia-aluminosilicates (CMAS). 
In particular, our focus is on how composition affects the viscosity 
of CMAS. An experiment using a Rheotronic viscometer on 
multiple CAS and CMAS compositions to gain a wide range of 
viscosity data. This viscosity data is to be compared to the 
Giordano model, a model that predicts the viscosities of molten 
oxides. We are using common data analysis, the student T test, to 
compare the experimental data and model predicted viscosities. 
Additionally, isothermal infiltration tests will be done to see how the 
target CAS and CMAS samples affect engine relevant samples. 
These test are used to characterize the degree of infiltration and 
extrapolate viscosities role in the infiltration of the barrier coatings. 
We are trying to find a correlation between the predictive and 
experimental data in hopes of improving a model that is being 
generated by a corresponding mechanical engineering design 
team that is modeling infiltration of the TBC systems. 
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Additive manufacturing is a process by which objects are 
formed by layering material, as opposed to traditional subtractive 
manufacturing. Additive manufacturing of metals has become 
increasingly popular due to its ability to produce intricate 
components and assemblies in a timely manner without the use of 
traditional metal joining methods such as brazing or welding. In 
addition, pieces with complex geometries can be produced due to 
the precision additive manufacturing brings, more so than 
traditional methods such as casting. 
 As technology continuously improves and more production 
methods become available, it is very important to study their 
different aspects and how they affect not only materials 
characteristics but also time and cost. The purpose of this 
capstone design project is to investigate additive manufacturing 
techniques, specifically electron beam melting (EBM) of Ti-6Al-4V 
and fused deposition modeling (FDM) of polylactic acid (PLA). 
From these findings we hope to determine the best way to 
additively manufacture titanium spacecraft actuator brackets for 
Ensign Bickford Aerospace and Defense. These brackets are used 
to secure two actuators together at a 90° angle to promote a wide 
range of motion for mechanisms, pointing the antenna and solar 
arrays in the proper direction as a spacecraft is in orbit. This multi-
axis platform will permit precise motion encompassing the Ensign 
Bickford values of being best in class and having the highest 
standards of reliable peak performance.  

The main focus of the bracket is a scalable design that has 
high structural stiffness, yet low in weight once 3D printed. In 
addition, the design must have a relatively low cost when 
compared with a machined bracket. The main stress points will be 
identified through digital simulation and mechanical testing, as well 
as identifying highest strength orthogonal print direction. As a 
team, we will be advancing our personal studies in additive 
manufacturing, but we will also be creating a baseline of 3D printed 
Ti-6Al-4V mechanical performance as manufactured by UConn’s 
equipment. We hope to return to the Ensign Bickford facility to 
perform unique and environmental testing to simulate the actual 
stresses the bracket will undergo in use. 
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The flow stress of a material could be defined as the value of 
stress that is required to keep a metal flowing, or plastically 
deforming. As you might imagine this is a very important property 
to understand, especially in the aerospace industry, where raw 
material is converted into various parts and shapes everyday. Hot 
forging is one of the most common techniques used to shape 
metal parts. At temperatures above a material’s recrystallization 
temperature, the raw metal is compressed via the use of dies. 
These dies are required to plastically deform the metal, so the 
amount of stress applied must be equal to the flow stress.  
 
Three main parameters are discussed when dealing with flow 
stress: temperature, strain rate, and strain. All of which can vary 
when dealing with different materials and different processing 
techniques. For our project we were tasked with the mission to 
connect these parameters to flow stress and have that connected 
to the hot forging of Inconel 718, a material commonly used in 
engine mounts due to its impressive elevated temperature 
properties. A model would help predict the amount of flow stress 
required to plastically deform the metal, but also show the upper 
limits attached to the stress. Understanding these higher limits is 
important to help prevent crack formation in parts during cracking. 
Having a constitutive model would help to optimize the parameters 
that can be controlled during a forging and thus improve the 
process as a whole.  
 
To do this project, a number of tests were done on a 
thermalmechanical simulator called the Gleeble 3500. This 
machine allows us to control certain parameters such as 
temperature, strain, strain rate, and cooling rate so we can better 
simulate what a part would go through during forging. An initial set 
of tests were completed first to give us data to analyze and model. 
After selecting a model, extra testing was done to validate the 
accuracy of the constitutive model. In addition to this, 
microstructural characterization was done via optical microscopy 
and scanning electron microscopy to ensure a fine grain size after 
the process which would lead to better performing parts.  
. 
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Recently, the development team of the rocker engine brake roller 
and roller pin have noticed a need for more information regarding 
the selection of the specific materials, for the roller pin component, 
and the impact they have on the performance of the rocker brake 
engine system. This information will allow them to redirect their 
energy and resources towards an efficient solution of selecting 
which material would be more suitable for its application in an 
operating diesel engine. Their need for this project arose from the 
negative environmental effects of using their primary alloy blend as 
the material for the rocker brake engine roller pin, its low abrasive 
tolerance, and low operational lifespan. The necessary material 
analyses on the roller pin components need to be done in order to 
learn more of the pin’s surface morphology and physical properties 
and determine what factors are important to consider while 
developing an alternative design. In providing a detailed 
understanding of how the roller and pin materials interact with their 
surroundings within operating condition in regards to their 
wear/abrasive resistance, fatigue resistance, oil contamination, 
fracture toughness, and mechanical loss. Furthermore, the goal is 
to find out whether a cheaper, safer, yet efficient option is available 
since their primary alloy blend is expensive, harmful for the 
environment, and not on par with the current global standards. 
 
The experimentation involves a pin-on-disk arrangement of our 
proposed alloy blend, AISI 52100 with a DLC coating applied with 
chemical vapor deposition, against a standard stainless-steel alloy 
blend with oil lubrication in between the two contact points. The 
two contact points will be under a constant load ranging between 
8-14kN, at a temperature of 150°F, and for prolonged periods of 
time to simulate actual operating conditions. This set-up tests our 
proposed alternative material design for the wear and fatigue 
resistance, the extent of oil contamination, and the friction 
coefficient. Afterwards, the tested samples are analyzed with a 
scanning electron microscope to determine the extent of wear and 
the associated wear mechanisms and the composition of the 
contaminated oil to ensure no environmentally harmful particles 
broke off from the pin material.   

 
Gavin McCarthy (left) and Manjoor Vahora (right) 
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ACMT, Inc. is a manufacturer of components of various 
complexity for a number of domestic and international 
manufacturers. ACMT, Inc. also deals with overhaul and repair of 
gas turbine components for military and commercial aviation, as 
well as packaging adhesives and chemicals to commercial aviation 
related companies. The project in consideration is one that deals 
with flow analysis and tooling design to improve coverage and 
consistency in an injection process. The designed set-up for an 
adhesive injection process facilitates bonding of three components 
manufactured from titanium and carbon fiber required for structural 
components in a jet engine. The end result is to create a system 
capable of performing a repeatable injection process with 100% 
conformance to customer requirements. Desirable results include 
minimal components in the set-up, cost efficiency and the ability of 
the system to perform the injection with minimum number of 
workers.  

 
 After studying the properties of the adhesive from 3M, 
ANSYS simulations and SolidWorks designs were made based on 
a previously existing design model for a less complicated 
component. These designs underwent rapid prototyping based on 
different dimensions of multiple components, with operation/ 
process integrations being a crucial aspect. These designed had to 
be tested non-destructively, and so CT scans had to be performed 
on the parts to check the consistency of the adhesive and hence, 
the capabilities of the design model. Based on the results of these 
scans, alterations were made on the designs to better comply with 
conformance and consistency issues. Clamps were also designed 
to aid in holding all components together and facilitate the initial 
steps of the process.  
 
 In the end, a set up was designed to hold all parts, 
complete the injection process and obtain the required final 
product. The set-up now used by ACMT, Inc. consists of the main 
structure, clamps and other miscellaneous components used 
based on the dimensions and shape of the airfoil that has to be 
attached to the carbon fiber. All these components have been 
designed by this team, which form the entire set-up and satisfy 
customer requirements.  
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AeroCision manufactures unique components used for jet turbine 
engines. The components are manufactured to precision and 
accuracy each time they are constructed. The result of a defective 
part leads to wasted resources and could potentially cause bigger 
problems if they are not caught in time. AeroCision uses 
automated manufacturing to improve their precision of each part. 
The parts are produced using G-Codes specifically designed for 
milling and cutting purposes. The current process uses a clamping 
fixture to hold the ring in place, which is then locked onto the 
machine arm to move systematically through the cutting and 
milling process of the part. The company has had axial torsional 
slipping problems between the ring and the fixture. This issue has 
caused AeroCision a number of flawed pieces that must be 
scrapped; costing them lots of money. AeroCision has added a 
safety pin to lock the ring in place and prevent it from slipping. 
However, incorporating the drive pin has caused other 
manufacturing problems and has triggered more defects. 
AeroCison’s goal is to install a clamping fixture that does not cause 
the ring to slip while also removing the drive pin, ultimately 
removing an extra step in their process to save time.  
 
Our Senior Design team has found a new design that would fulfill 
Aerocision’s objectives without changing the current clamping 
fixture’s dimensions that is set to fit the ring. The team looked at 
the different components of the clamping fixture and realized that 
the lever arms of the clamps could be redesigned to produce a 
larger normal force pressing down on the ring. With more force 
being exerted by the clamp, it will provide a stronger hold between 
the clamp and the ring, thus reducing ring slippage. Testing 
procedures included finding the normal force produced by the 
original clamps as well as finding the coefficient of friction between 
the ring and the clamping fixtures base. The Unit Load Tests were 
run to find the clamps force, while the angle testing method was 
used to find the coefficient of friction. Ultimately, after looking at the 
geometry of the clamping fixture, our team recommended widening 
of the lever arms as well as moving the pivot point closer to the 
clamp to deliver the best results. This will be reducing the load on 
the threads of the bolt while also improving the friction force being 
applied from the clamps to the ring. The ability to apply more 
frictional force on the ring will eliminate the likeliness of ring 
slippage and the need for the drive pin.  
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As technology advances the need for computers with 
higher processing power is increasing.  In order to meet the 
demand for these chips lithography has become extremely precise, 
down to the nanometer scale.  ASML is at the forefront of 
producing very precise lithography equipment and has become a 
world leading supplier for many companies.   
 To be able to get down to the precision that many 
companies desire, particle contamination on the surface of the 
template, known as a reticle, is unacceptable.  The reticle is 
protected by something known as an EIP, or Extreme-ultraviolet 
Inner Pod during transportation.  ASML wishes to increase the 
throughput of their machines in order to greater meet the demands 
of the market.  In order to do so, the speed of the manufacturing 
process must be increased and ASML needs a stronger clamping 
device to prevent reticle motion.  The goal of this project is to 
provide ASML with a stronger clamping device that will protect it 
from movement and particle contamination while it is transported 
inside the EIP.   
 There were several ideas to create a clamping device, 
however the one the group settled on was an electrostatic clamp.  
Using the principles of electro-adhesion the electrostatic clamp will 
be able to both protect the reticle from movement and be 
integrated into the current iteration of the EIP.   
 A scaled down 4x4 prototype electrostatic clamp was 
produced at UConn using the electrode fabrication lab.  Using a 
modified 3D printer as a test rig the clamping device was tested for 
accelerations of up to 1g using a sample reticle.  Based on initial 
observations, the clamp held the reticle in place with enough 
clamping force motion.  This was later confirmed by testing for 
particle contamination on the surface of the reticle; it was found 
that the electrostatic clamp did a good job securing the reticle.  
This final prototype device was presented to ASML as a proof of 
concept that the electrostatic clamp idea would work to prevent 
reticle motion. 
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Assa Abloy is a lock manufacturing company which produces three 
brands, Sargent, Corbin-Russwin and Yale, each in a variety of 
trim styles. Across all brands there exists noticeable free 
movement of the handle in the outward direction from the door. 
This free handle movement, also known as wobble, is most 
prevalent in decorative door handles and has a significant negative 
impact on the perception of quality. This project has the goal of 
improving wobble by 50% with a focus on the Sargent and Corbin-
Russwin decorative attachment styles. In addition, this project 
includes an effort to consolidate the parts between brands. Part 
cost, implementation cost, and ease of manufacturability are all 
important considerations for this project. Assa Abloy currently has 
a large inventory of premade parts and so maximizing the use of 
existing parts is critical to keeping implementation costs low.  
 
For the purpose of this project, starting with the Sargent brand, 
then later applying the method of improvement was helpful. In the 
Sargent mounting system, the handle is attached to a bushing 
which protrudes through and spins against a mounting plate. The 
mounting plate is screwed into bolts that pass through and secure 
it to the door. With the mounting plate being securely fastened to 
the door, there are then two major interactions that cause handle 
wobble, the bushing/mounting plate interaction and the 
bushing/handle interaction. Through tolerance stack analysis, it 
was determined that the axial distance between the bushing and 
mounting plate surfaces was the largest contributor to 
bushing/mounting plate wobble followed secondly by the bushing 
surface diameters. Increasing the bushing surface diameters would 
require altering multiple part designs and making a large inventory 
of parts obsolete so the final design change proposed focused on 
improving the bushing surface to mounting plate axial gap. This 
was accomplished by inserting a washer between the bushing and 
mounting plate with ribs that could be crushed during assembly to 
fill the wide range of possible gaps found during production. This 
proposal not only decreases the average handle wobble but also 
makes handle wobble much more consistent which also improves 
perception of quality. 

	
Designer Lever Lock Wobble 

Reduction and Part Consolidation 
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Associated Spring focuses on advanced engineered springs and 
precision metals. The main component that this company 
manufactures are high precision spring stampings for automotive 
industry use. This is used from various products ranging from 
custom valve springs for top fuel dragster engines, to internal 
springs used in multi speed transmissions. The goal of our project 
is to improve upon the current fatigue tester design. The test is 
required to operate in a safe manner. Guards must be set in place 
in order to prevent injury to operators of the machine. Another 
requirement is to stay within certain range of uncertainty. In Ideal 
case study the test coupons should crack in the middle showing 
uniform fatigue. The current test coupons required minor changes 
in the boundary conditions in order to fall with in this range. This 
machine must also be capable of High Cycle Fatigue test which 
these materials will undergo in their lifetime. Standard procedures 
will be used to create accurate repeatable results that will provide 
data to understand how different materials, and surface conditions 
will affect fatigue life.  
 
Before running multiple test, the main way of the system will be 
verified is with strain gauges. The gauge reading will take place in 
the area were the test coupon will crack on the trapezoidal surface. 
Based on the frequency and deflection height selected, certain 
strain values are expected. A strain gauge is attached to the test 
coupon and the fatigue tester would be run to see if to will produce 
similar values obtained from the ANSYS model simulations. If 
these results match up with in a certain degree of accuracy, then 
the machine will be proven to produce repeatable results, and we 
will use it produce multiple S-N data based on different materials, 
and additional shot peening treatment.   
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Associated Spring is well known for making many different types of 
springs. What started as clock springs has now blossomed into 
many different types of springs with various applications. This 
project focuses on the Bellville springs. These springs are used in 
automobile transmissions. In the manufacturing operations, the 
springs travel from one operation to another in a large bin. Bellville 
springs are particularly interesting since they have angled tabs 
which can get tangled in the bins. As the springs leave the final 
deburring operation they then head to a fatigue testing stage to 
make sure the springs are made to the correct specifications. 
Currently, an operator is responsible for separating and stacking 
the springs before they put the springs through fatigue testing. This 
project aims to create a device that can automate this sorting and 
stacking process, so that the operator can complete other tasks 
and doesn’t have to spend time stacking springs.  
 
The rig the team has worked on and designed is a continuation of 
a previous year’s project, and is broken up into 3 major 
components. The tumbler, the conveyor, and the catching 
mechanism. The tumbler is the first aspect of the rig and is used to 
separate the springs as they are introduced to the rig. The tumbler 
consists of angled splines to help separate the springs which may 
be tangled due to the angled tabs. After the tumbler, the conveyor 
transitions the springs to the separation ramp. After the springs are 
untangled, they move to a ramp which separates the springs 
based on the orientation of the tabs. From the separation ramp, the 
springs are then caught by the catching mechanism in two neat 
stacks either with the tabs facing up or the tabs facing down. 
These neat stacks can be easily moved by the workers can then 
be easily presented to the fatigue testing process. The goal of this 
device is to achieve a high efficiency in the catching of the springs 
on the catching mechanism. These springs are produced in 
batches of thousands at a time, so a high efficiency means more 
springs stacked neatly and less time operators have to spend 
untangling and stacking.  
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A machining process used extensively at Barnes Aerospace: 
Windsor Division for manufacturing parts from high temperature 
Nickel alloys is grinding. During the grinding process, a grinding 
wheel of either a plated or vitrified construction, and a working fluid 
acting as a lubricant and coolant, are used to remove material from 
work pieces. The chips of removed metal and the abrasive 
particles from the grinding wheel are debris known as “swarf” from 
the grinding process. The swarf is carried from the cutting point by 
the fluid. The fluid must then be filtered to separate and remove 
the swarf before the fluid can be returned to the cutting process. 
The filtering process at Barnes Aerospace currently uses a thin 
filter paper which, once used is removed, carrying with it the 
filtered particles.  The filtering of the lubricant and disposal of the 
paper filters and swarf collectively is a costly process. 
 
The purpose of this project is to gain an understanding through 
research and experimentation of the degree of cleanliness (DOC) 
of the lubricant necessary to produce parts which meet the design 
requirements and particularly, to achieve a surface finish ranging 
from 32 to 63 RA. Additionally, it is hoped this will lead to 
determining the appropriate DOC and filtering process for optimum 
processing efficiency. This research and experimentation, in 
collaboration with Barnes Aerospace and Norton Saint-Gobain 
Research & Development Grinding Center will then assist in 
optimizing the overall grinding process. 
 
An experiment was conducted on site at Barnes Aerospace in 
which chip length was determined using microscopy. As seen in 
the pictures to the left in this brochure, chip swarf was first heated 
and then separated between wheel abrasive and metal aggregates 
so that only the chip sizes could be analyzed. These sizes, then 
contributed into analyzing the test samples of filtration paper with 
the tested production parts being ground. 
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Biomass Controls is a company based out of Putnam, 
Connecticut that specializes in biogenic control technology for 
thermal and power applications. With over 100 years of 
combined experience in the control technology and data 
analysis industry, Biomass Controls has successfully designed 
a biogenic refinery that uses a form of high temperature 
decomposition known as pyrolysis, to convert waste to biochar 
and combustible gases for energy. Since biochar can be used 
as a soil amendment, it is utilized in agriculture to keep the soil 
rich with nutrients. Through the use of their mobile and web 
application, Kelvin, they can monitor the refineries to ensure 
the system is performing in the manner it is expected to. 

 
Given the high demand for resource recovery in some low-
income areas throughout the world, our team was given the 
task of designing a pyrolysis pot with the capability of 
pyrolyzing 80-120 pounds of biomass per hour. Additional 
requirements that had to be met included compliance with 
emissions standards, durability, biochar output, a temperature 
threshold, and integration with the current system.  
  
Due to the complexity of the biomass’ composition, there is 
very little known about its combustive properties. Thus our 
solution was heavily based on our experimental results, as well 
as our results from detailed simulations. In order to reach our 
goal, our team designed a testing-pot with various airflow 
patterns that was used to discover the optimal airflow for the 
burn rate needed to sustain the volume of biomass fed into the 
pot. In addition to the changes to the airflow pattern, our 
design included slight modifications to the fuel agitation 
technique. Multiple experiments were conducted to fully 
measure the performance of each airflow 
configuration. Simultaneously, thermal and flow simulations 
were conducted using both Solidworks and ANSYS.  These 
simulations allowed our team to study physical phenomena 
that would otherwise be impossible to predict. Using the 
qualitative data from our results, we were able to make key 
alterations to our design to control the variables that were most 
influential in the system. After our experimental testing and 
simulations, our team was able gather the necessary 
information to create a design that allowed our goals to be 
attained.    
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Biorasis is a start-up company founded by UConn professors Dr. 
Faqir Jain and Dr. Fotios Papadimitrakopoulos.  Their main 
product is the needle implantable Glucowizzard blood glucose 
sensor.  The Glucowizzard is inserted in the subcutaneous tissue 
on the top of the wrist and continuously monitors the patient’s 
glucose levels without the need to prick the patient’s fingers. The 
user wears a smart watch directly over the Glucowizzard that 
powers and communicates with the glucose sensor via LED lights.  
The Glucowizzard is a 0.5 x 0.5 x 5 mm rectangular prism that 
needs to be replaced every 3 to 6 months before it gets enveloped 
by the surrounding tissue.  Due to the small size, it is not possible 
to manually locate the Glucowizzard several months after insertion.  
To extract the sensor, Biorasis first needs a noninvasive location 
method. 
 
Our team’s goal was to provide a location method using an array of 
location sensors.  Biorasis provided an array of 32 location sensors 
laid out in a grid.  These sensors receive a signal from the 
Glucowizzard and output the intensity of that signal. Our team 
used the signal intensity data at known locations to determine 
trends and create a model that determines the position of the 
Glucowizzard in rectangular coordinates where the x-y plane is the 
surface of the wrist and the positive z axis points down into the 
skin. 
 
We gathered data by placing the Glucowizzard on a three axis 
stage which allowed us to fix the position of the Glucowizzard with 
respect to the location array.  We then moved the Glucowizzard in 
one direction at a time, for example, we moved the sensor in 
increments of 0.2 mm in the z direction while keeping the x and y 
coordinates the same.  To map signal intensity to position of the 
Glucowizzard we used curve fitting in Matlab and existing models 
for the material properties of the Glucowizzard.  We also explored 
the maximum value of the intensity and the full width of the 
intensity curve at half max and how they related to Glucowizzard 
depth and orientation.  We produced a Matlab script based on our 
empirical data that takes the input from the location array and 
gives the user the x, y, and z components on the Glucowizzard for 
extraction. 
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The purpose for this project is to design a device that will test the 
differentiation of chondrocytes in environments that mimic natural 
growth conditions of an in-vivo articulating cartilage. The device 
must be maintained sterile and autoclave throughout the process 
of chondrocyte insertion, application of pressure, and chondrocyte 
removal.  
 
Essentially, the device will be composed of pressurized tubes 
containing the cells and the centrifuge in which the tubes will be 
located and spun. The goal of both methods of pressure is to 
strengthen and grow chondrocytes into strong articular cartilage, 
simulating a similar environment to the knee where cartilage of this 
composition is found.  
 
The first method of pressure application is the pressurized tubes. 
The tubes are designed to be light weight and at a size that the 
group can test with as well as can be used in an already created 
lab setting. They must be strong to withstand high pressure and 
have the ability to be sealed with an O-ring so that no air leakage 
may occur. An insert is also being created in order to supply easy 
input and output of the small test tubes. 
 
The second method of applying pressure will be with a centrifuge. 
The rapid rotations of the centrifuge lead to an inertial centrifugal 
force that opposes the centripetal force caused by the angular 
acceleration. The inertial force presses on the medium at the end 
of the test tubes creating a hydrostatic pressure felt throughout the 
medium, and therefore, by the chondrocytes themselves. 
 
Since the centrifuge is already purchased, the main focus is now 
on the designed tubes. The current decisions being made are the 
material of the tubes, the type of valve used, the securing of the 
small plastic test tubes, and the best rotor for the pressurized 
tubes to be spun in.  
 
As far as the goal of the project and the deliverables, the main idea 
is to test the theory of Dr. Nukavarapu. He believes applying 
pressure to the cells as they grow will allow the development of a 
strong cartilage instead of the soft cartilage that can be grown 
easily at this point in time. The group needs to supply a method of 
applying a total pressure of about 300psi to the cells in a safe and 
controlled environment. Eventually, the goal is to create a device 
that can be used in the future in Dr. Nukavarapu’s lab.    
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The Design of a Lithium–Ion Battery Module project is an effort 
initiated by sponsor company Cadenza Innovation. As an energy 
storage company, Cadenza Innovation aims to challenge the high 
cost of peak power plant power production though the introduction 
of grid storage assemblies. Peak power plants are much more 
costly to run due to the short period of time they are in use for 
power production on a daily basis. Using many of Cadenza’s 
lithium-ion supercells, this project aimed to create a fully functional 
battery rack for grid storage. High energy-density battery elements 
generate a significant amount of heat which must be addressed to 
reduce possible safety hazards or malfunctions, as well as 
maintain battery life. Some of these malfunctions include, but are 
not limited to, thermal runaway, loss in battery efficiency, and 
potential damage to housing structures. Extensive thermal analysis 
is required to obtain sufficient experimental and numerical data to 
ensure proper battery storage functionality and verification that the 
designed coolant system meets required parameters. High heat 
profiles experienced during charge and discharge events can lead 
to irreversible battery failure.  
 
A study was conducted to understand the heat transfer 
phenomena occurring between the elements in the battery 
assembly. This research and analysis involved both academic and 
theoretical investigation as well as 3D modeling and simulation 
using software. We built several CAD models to investigate the 
assorted heat transfer concepts and ran through numerous 
ANSYS Fluent simulations to determine if each design would meet 
thermal transfer requirements. After multiple design iterations, this 
research yielded a better understanding of the heat transfer 
methods and multiple cooling designs in which thermal 
requirements were full met. This project provided Cadenza 
Innovation with a feasible and reliable cooling system design to aid 
in the production of high energy density grid storage assemblies. 
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Cadenza Innovation Inc., located in Bethel CT, is a global 
technology leader in large lithium-ion energy storage systems. The 
objective of this project was to design and build a prototype 
housing unit, referred to as a “module”. The module holds 
numerous supercells, which are Cadenza Innovation’s patented 
lithium-ion battery packs. Modules would also need to be 
compatible with one another so that they could be connected, and 
then stored within a cabinet-style rack. 
  
This project was interdisciplinary, requiring cooperation between 
students from the Mechanical Engineering, Electrical and 
Computer Engineering, and the Management and Engineering for 
Manufacturing departments. Our team’s main responsibility was to 
incorporate the components designed by the other ME group 
members and the ECE group members into the final prototype. 
These components included a cold plate (which acted as the 
module’s cooling system), a battery management system (BMS), 
interconnects and thermal insulating pads between the supercells, 
and wiring harnesses. 

  
Optimizing energy density was integral in our design. It was 
important to design the module to be able to hold as many 
supercells as possible. Doing so maximized the cost effectiveness 
of the materials as well as the space being used. The next 
important consideration was safety. Our team focused on the 
structural integrity of the module and the entire rack as a whole, 
while the other ME group members dealt with the thermal safety 
concerns. The final major design parameter that we needed to 
consider was the geometry of the rack. The module had to be 
designed to fit into a large rack which was provided to us by 
Cadenza Innovations. Additionally, modules in the rack needed to 
be designed in such a way that they would be easily accessible for 
installation and maintenance purposes. 
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Capewell Aerial Systems is an innovative designer and 
manufacturer of aerial delivery systems, specializing in military 
applications.  In order to properly protect a payload when ejected 
from a C-130 aircraft, a combination of a parachute and airbag 
platform are used to cushion the impact.  Optimizing the airbag 
platform is necessary in order to provide optimal protection of the 
payload.  One major flaw that is clear through experimental trials is 
the detrimental effect of having the airbags on the platform being in 
the shape of cylinders.  The current cylindrical design requires the 
bags to be relatively tall compared to the whole platform.  This 
current condition creates issues of a payload tipping upon impact 
with the ground due to instability from the airbag being too tall, as 
well as the payload being carried off the drop target by strong 
winds due to a large cross sectional area.  These issues lead to 
inconsistency in payload drops as payloads often are blown off 
target and fall on their sides upon impact increasing the time 
required to remove the payload from the cushioned platform.      
 
This project goal was to create an accurate computational fluid 
dynamics model (CFD) based on the current cylindrical airbag 
design that would allow for an easier and more accurate redesign 
of the airbag design into a rectangular bag that would decrease the 
height of the airbags while maintaining sufficient damping effects 
upon impact.  By reshaping the airbags into a rectangular design, 
the area of airbag impacting the ground would increase, thus 
allowing for a shorter airbag design and a solution to the main 
issue with the current system.  In addition to the main issues 
presented by Capewell, creating an accurate CFD model allows for 
further optimization of the current design as a short term fix to 
improve airbag function.  Analysis through CFD enables a better 
understanding of the stresses and pressures on the airbag during 
impact.  Between CFD analysis and experimental trials, overall 
understanding of the airbag characteristics during impact have 
been improved and allowed for better designing of future airbags 
deployed by Capewell.    
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Chapman Manufacturing wanted to create a new ratchet that 
would allow customers to ratchet parts down in tighter spaces with 
just a simple wrist movement. The inner mechanism includes a 
spring, pawl, and gear that are cross compatible with their popular 
Midget Ratchets; these parts must stay the same. The pocket 
holding the inner mechanism underwent different design changes 
to reach the necessary torque requirements. Material selection 
was also an important part of the process; the team tried different 
materials ranging from various plastics, such as reinforced nylon, 
to metals, such as aluminum 1060. The manufacturing methods 
explored were machining and 3D printed ratchets.   
 
There are two types of gears that Chapman is using. Chapman 
experimented with a different gear broaching method that resulted 
in functional gears with a slight twist. The twist in the gear was 
approximately 12° along its length. Twist gears are being used in 
the palm ratchet because a person’s maximum input torque will not 
approach the breaking point of the gears for a tool the size of the 
Chapman Palm Ratchet. In order to minimize material waste, 
Chapman will exhaust the stock of twisted gears before installing 
their original non-twisted gears. The team re-designed and tested 
the pocket to ensure that the gear would be able to withstand the 
advertised torque. 
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The Parker Hannifin Corp. Filtration Group, formerly Clarcor, 
located in East Hartford, CT, specializes in the design and 
manufacturing of fuel filtration devices for a client product base 
stretching from off road construction and agricultural equipment to 
road going transit vehicles. The importance of fuel filtration cannot 
be stressed enough in providing the cleanest running and most 
efficient engine power. This project focused specifically on the 
filtration medium within a fuel filter, that being a cellulose fiber 
material that does the actual filtration of the fuel, and its 
development. The heavily iterative testing method used currently, 
flat sheet media testing, is the only way for engineers to obtain 
data on the pressure drop, degree of blockage, and key flow 
characteristics across a specific piece of a given filtration medium, 
and it often takes several hours to obtain data for just one type of 
medium. The goal of this project was to craft a performance 
prediction model that can provide consistent and accurate results, 
while significantly reducing the time it takes to obtain the 
aforementioned data.  
 
The first step in achieving the goal was to obtain flat sheet testing 
data from which to base the model. The first round of tests dealt 
with running clean Viscor calibration fluid through the testing unit, 
both with and without a piece of flat sheet medium. The second 
round of tests dealt with running Viscor with particulate added 
through the testing unit. With the results from these tests, an 
accurate model of the relationship between the degree of blockage 
in the filtration medium and the pressure drop across the medium 
was deduced. Using this relationship, a drafted CAD model of the 
flat sheet testing unit, and specific material data for the cellulose 
filtration medium, an editable ANSYS simulation along with an 
accompanying work instruction file were created, allowing a user to 
input various material properties pertaining to both the fuel being 
used and the filtration medium inside the testing unit, and obtain 
the flow characteristics, pressure drop, and degree of blockage 
with respect to time until the medium was choked, all in a matter of 
minutes. The results obtained from this simulation were then 
verified using the initial flat sheet testing data before implementing 
the prediction model at the Parker facility. 
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In the aerospace industry, E.A. Patten is a leader in the production 
of precision tubing in jet engines, whether it is for newly 
manufactured engines or repairing existing engines. The method 
used by E.A. Patten to fasten the tubes together is a common 
fastening method for older style tubes. With a ferrule and nut 
arrangement, the ferrule is secured to a nut by a thrust wire as a 
locking mechanism. The thrust wire is inserted through a hole in 
the nut tangential to the inner circumference of the nut. The thrust 
wire is then pressed into the nut until the wire is flush with the 
surface of the nut. The wire must be completely flush to ensure 
that the wire completely encircles the inner circumference of the 
nut, thus ensuring the nut will be locked to the tube. The current 
process of inserting the thrust wire is via a manual strike, which 
can be time-consuming and inaccurate, thus damaging material 
and increasing costs. The goal of this project is to design, build, 
and develop a device that can more quickly and accurately insert 
thrust wires as a part of the E.A. Patten assembly process. 
  
One design concept for an insertion device is a stationary structure 
that mounted the tube-nut assembly and drives the wire using an 
oscillating eccentric cam. The v-shaped mount and outer-boundary 
will ensure the accuracy of the insertion. However, since the cam 
drive may be difficult to equally drive a force in one position, other 
existing devices, such as an arbor press, are being considered.  
 
Another design uses sockets as inspiration for the holding the nuts. 
To create a quick and accurate method for holding the nuts, a fitted 
hexagonal hole is cut in the block, thus providing a stop and a 
guide hole for the wire. The design then uses drivers and guides, 
specific to the various wire diameters, to connect the individual 
blocks. 
 
A third design is inspired by a lathe. Two thrust nuts are secured in 
a v-shaped mount which is adjustable for the various nut sizes. A 
long arm slides vertically along the rods to drive the wire. The arm 
contains a pin with a concave end to hold the wire and push it 
below the nut surface. 
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Thousands of hours of content are broadcasted to household 
televisions every day, and billions of dollars are spent refining this 
content for target markets. Content producers, advertisers, and 
broadcasters are constantly looking for ways to evaluate how their 
content is performing with the desired demographics. Currently, 
this is done by tracking the number of viewers of a given television 
show at the beginning and end of the episode. The Nielsen ratings 
box acquires this data from the homes of consenting participants, 
transmitting all of the data at the end of the day. There are several 
problems with this system, though. Content producers can’t view 
the data until the end of the day, and they don’t have access to 
viewing data between the beginning and end of each episode. 
 
The “Horse Storm” Monitoring System is meant to solve the issues 
associated with the Nielsen ratings box. The system is named after 
the rocking sensation created by horses shifting back and forth at 
the same time while being transported via boat. ‘Shifts’ in channel 
viewership can be compared to the shifting weight of the horses in 
the boat, and are captured using the Horse Storm Monitoring 
System. Horse Storm is a combination of hardware and software 
that tracks television remote inputs and streams them to a central 
storage/processing location. This system functions as a 
subscription-based service that allows viewing data to be streamed 
to content producers, broadcasters, advertisers, and other 
subscribers in real time. Viewing data is transmitted near-
continuously, allowing users to pinpoint specific content within 
episodes that resulted in a shift. The data is presented in an 
intuitive web-based interface, which makes it easy for users to 
identify meaningful trends. The main objective of the Horse Storm 
Monitoring System is to allow its users to quickly and accurately 
identify viewing trends, empowering them to improve their content. 
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In 1988, a Peruvian submarine called the Pacocha was rammed by 
a commercial fishing vessel, causing it to sink to the ocean floor. It 
was resting at 140 feet below sea level as the crew waited for a 
rescue vehicle to arrive. Due to a lack of communication between 
the crew and the rescuers, the crew were in the submarine for 
almost 24 hours after the accident. The air pressure in the 
submarine rose due to a leak in a vent valve allowing seawater into 
the ship, which compressed the air inside to an above-atmospheric 
pressure. Issues arose when the submariners tried to surface 
without letting their bodies decompress slowly prior to ascension. 
When the body decompresses at a fast rate, dissolved gasses 
come out of solution in the form of bubbles and can negatively 
affect many different aspects of the body. The goal is to provide a 
way to successfully decompress an interior volume of the failed 
submarine in order to prevent decompression sickness on the 
ascent to the surface. This can be provided if there was a solid 
connection to the surface. 
 
To connect the submarine to the surface, a hose strong enough to 
withstand pressures in the ocean must be used. An experiment 
using a sealed pipe and compressor was performed to simulate an 
ocean depth of 600 feet. A hose was sealed inside of the pipe 
before the pipe itself was bolted shut with gaskets and flanges to 
prevent leaks. The inside pressure of the pipe was increased to 
270 psi, a similar pressure that would be experienced at 600 feet 
below sea level. This experiment confirmed the analytical results 
calculated prior to testing. A buoyant device must also be attached 
to the end of the hose in order to allow safe ascension to the 
surface. An experiment using a buoyant material and weights was 
performed. This experiment has shown that the volume of the 
buoyant material chosen is sufficient in providing the hose with 
safe ascension to the surface. The last component is the 
attachment of the hose to the submarine itself. A designed latching 
mechanism provides a strong attachment to the escape hatch in 
the submarine. It latches into the hatch and when the hose and 
buoy need to ascend, water is allowed into the escape hatch, 
allowing the buoyant device to pull the hose towards the surface. A 
valve is included to allow the crew members to decompress at a 
safe manual rate. Once the crew desires to escape, the hose will 
be released and the escape plan can proceed as planned. 
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Automated Tool Holder 

Cleaning Process	
	

EDAC Technologies, Rotating Components Division aims to double 
Integrally Bladed Rotor (IBR) production by the end of 2018. The 
IBR milling process requires several dozen reusable Haimer tool 
holders, however the current manual cleaning and tool removal 
process only has a capacity of 150 tools per day, creating a 
bottleneck. Without process improvement, the desired production 
rate cannot be met.	
	
In order to prepare enough tooling and increase worker safety, 
EDAC has requested that the ME19 team develop an automated 
process that prepares at minimum 650 Haimer tool holders per day 
for tool setting. In order to determine the most effective solution, 
ME19 researched and created initial designs for three different cell 
configurations. Using data collected from the current process, 
economic factors, and size constraints, ME19 down selected and 
concluded that a process based around a general purpose robot 
would be the most effective method.	
	
After the design selection, a proof of concept experiment was 
constructed to test the capabilities of the UR10 robot.  Upon 
successful testing, ME19 developed the necessary subsystems of 
the process, i.e. washing, drying, tool removal, and cooling. The 
process flow was designed, programed, and optimized. The UR10 
robot, Haimer shrink fitter and washing station were outsourced. 
The drying station, physical cell structures and system network 
were prototyped and tested by ME19.	
	
The development and construction of the cell is an ongoing 
process, however, initial calculations show the design to be cost 
effective, safer, and more reliable than a human.	
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Farrel Pomini is a global leader in the research, design, and 
manufacturing of continuous mixing systems for the polymer 
processing industry. One of their innovative products is the Farrel 
Continuous Mixer which allows for the continuous mixing of 
polymers, previously only performed in quantized batches. Once 
processed, the polymers flow into a hopper and are subsequently 
pelletized by passing through a single screw hot feed extruder. 
Every polymer mixture tested at Farrel Pomini passes through the 
same hopper design, and because each polymer substance has a 
unique set of properties, some extrude quicker and more efficiently 
than others. Thinner compounds flow continuously and have no 
trouble being directed into the hopper; however, the rubber 
compounds with the highest viscosities have a tendency to 
accumulate in the hopper before being grabbed by the feed screw 
for extrusion. The main objective is to improve the design 
of Farrel Pomini's hopper and feedscrew system to cut down on 
the buildup of the thicker materials within the hopper, while 
maintaining a system design that is functional for thinner and less 
viscous polymers.    

Through analytical and qualitative testing, three room-temperature 
materials with a range of viscosities and elasticities were identified 
to simulate the flows of molten polymers. It was determined that a 
mixture of glue and starch would serve as the thinnest of the tested 
fluids, honey combined with a food thickener called Xanthan Gum 
would act as the middle range viscosity fluid, and a dough formed 
from flour, water, salt and oil would be the most viscous material 
for testing. All three were fed directly into a hopper fabricated from 
metal sheets joined with corner brackets. The geometry of this 
configuration was easily altered by slotting modular 3D printed 
pieces into place so that both the front wall angle and downstream 
wall angle of the hopper could be changed between trials. A 
feedscrew was machined from a solid metal rod and housed in a 
clear polycarbonate tube so that the flow of the material would be 
visible as it was extruded. Utilizing quantitative testing of the test 
rig, the angles which facilitated the quickest and most efficient fluid 
flow for all three room-temperature materials was discovered. 
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Gerber Technology manufactures material spreading and cutting 
systems to help companies take their products to market smarter, 
faster and more efficiently. Gerber’s line of spreaders (rated by 
weight capacity in kilograms at intervals of 50, 125, and 250) 
precisely and automatically spread sheets of material across a 
spreading table. Gerber has noticed a growing portion of their 
customers desire textile spreaders that can handle 200-kilogram 
rolls but are unwilling to purchase the 250-kilogram textile spreader 
due to high costs. As a result, Gerber wishes to improve upon the 
125 kg design by adding structural reinforcements in order to 
target this market demand. The goal of this study is to analyze the 
XLs 125’s structural integrity and propose necessary 
improvements to safely handle 200 kg textile rolls. Additionally, the 
power integrity and budget of this new spreader needs to be 
analyze after improvements are made as well. 
 
 
 
The XLs 125 is made up of two main components, the cart 
weldment and the cradle; the cradle holds the fabric roll and the 
cart weldment attaches to the table which it rolls on. Gerber 
Technology provided the team with complete sets of CAD models 
for the entire assembly. To perform finite element analysis (FEA), 
the spreader assembly required structural and geometrical 
simplification. After a mesh was created, analyses for material 
weights of 125 kg, 150 kg and 200 kg were calculated. Based on 
these results, areas of concern were identified and provided a 
guide for strain gage placement. Multiple strain gage trials allowed 
both the ANSYS calculations and physical testing to align. To 
create a power budget for the XLs 125, information for both power 
and current for loaded and unloaded cases were gathered. Using 
the test results, the team determined whether or not the motors are 
capable of operating the spreader assembly when carrying a larger 
load. Using the discovered results, design upgrades and further 
testing recommendations for the XLs 125 spreader were proposed.  
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GKN Aerospace Services Structures, located in Wallingford, CT, is 
a large manufacturer of composite aerospace components. Its 
parent company, GKN PLC, is a global engineering business that 
designs, manufactures, and services components for 
transportation vehicles, from aircraft to automotive applications. 
GKN and many of today’s aerospace industries require mass 
production of various components in a time efficient manner. A 
large number of these products are made from composite 
materials which are used for their light weight, flexibility, and 
strength. Most companies rely on heat curing in large ovens to 
manufacture composite parts. These ovens are time and energy 
inefficient, take up large amounts of space, and generate waste.  
 
This composite manufacturing process may be able to be 
improved with induction heating methods. New inductive heating 
techniques can allow more localized, constant, and precise 
bonding of composite parts. Induction heating has the potential to 
improve the curing process efficiency by reducing cycle time and 
saving energy. This objective of this project was to determine if 
induction heat bonding would be a more efficient method for 
manufacturing GKN Aerospace’s parts.  
 
The team evaluated induction heat bonding of a simplified 
rectangular specimen made of titanium, carbon fiber, and resin. 
The simplified specimens were used to simulate a structural guide 
vane manufactured by GKN Aerospace that is used inside jet 
engines. The team fabricated several specimens of comparable 
thicknesses of titanium, carbon fiber, and resin layers as the actual 
part. In manufacture of the actual guide vane, there are specified 
heating rates and temperatures that must be complied with to meet 
customer standards. The team then developed a set process for 
curing using induction heating using an induction cooktop. The aim 
of this process was to bond the specimens while staying within the 
designated heating rates to produce the same quality final product 
and yield performance of bonding. The bond temperature and 
heating rates were continuously assessed using infrared laser 
measurement. Simulations were used for heat transfer analysis. 
The team performed a cost analysis and an assessment of the 
cycle time and efficiency of induction heating in comparison to 
oven curing to ultimately determine if induction heating would a 
viable process to be implemented by GKN Aerospace. 
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The project seeks to find a way to minimize argon consumption in 
an additive manufacturing process. When reactive metals are 
additive manufactured they need to be made in a build chamber 
filled with an inert gas to prevent the part from oxidizing. Argon is 
typically used as the shielding gas in processes that involve 
reactive metals. The current process does not capture the argon 
that is flowing through the chamber. This results in a high cost and 
a large waste of resources. Our solution aims to reduce the argon 
consumed in two ways. The first way is by redesigning the build 
chamber. The geometry will be optimized to reduce the chamber 
volume. The fixture that the part sits on and that is inside the 
chamber will be redesigned to help with the geometry optimization 
of the chamber. A system to capture, filter, and recirculate the 
argon will be researched to reduce the amount of argon used. 
 
A recirculation system was found that is produced by Inert 
Technologies. This system monitors oxygen content, recirculates, 
filters, and controls the inert gas atmosphere. When manufacturing 
this part the part will shrink due to thermal expansion. To account 
for this a new fixture was developed. The fixture itself is based off 
of a current fixture used for milling that has segments to hold the 
part in place. The new concept uses brake pads where segments 
connect to the rigid part of the fixture. They will control the 
movement of the segments by allowing the segments to slide when 
the force caused by part shrinkage over comes the friction force 
caused by the brake pads. Heat transfer simulation was performed 
to predict the temperature of the segments during the process. A 
welding experiment was also done to simulate how the additive 
manufacturing process will deform the part. Lastly, a chamber 
design was developed. The chamber design uses the density of 
argon and laminar flow to reduce the amount of purging needed 
before the process starts. 
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Hartford Steam Boiler has been considered an industry leader in 
equipment breakdown insurance over the past 150 years. With one 
of the largest teams of engineers and inspectors across the globe, 
the company continuously innovates standards of coverage and 
forwards advancements in preventative maintenance protocols. As 
part of the Internet of Things movement, HSB has partnered with 
the University of Connecticut’s Mechanical Engineering School in 
hopes of solving the existing issues with proper maintenance 
operations. According to various accredited studies, boiler 
operation during low water conditions, improper or lack of regular 
blowdowns and faulty safety valves account for not only the 
majority but the most costly and catastrophic of failures. The 
American Society of Mechanical Engineers recommends for a 
typical maintenance routine to consist of a daily performance the 
blowdown valve, the testing of a low water cutoff valve bi-weekly in 
addition to a monthly safety valve release to test the functionality of 
the devices and to ensure an efficient and more durable boiler. The 
purpose of each device is as follows; The low water cutoff is a 
safety feature that will shut down the burner to prevent excessive 
buildups in heat and pressure which can cause boiler explosion, 
the blowdown valve releases the sediment that builds up along the 
bottom of the tank to prevent calcium buildup which would create 
inefficiencies, and finally the safety valve is set to open and 
release steam when the allowable pressure is exceeded to prevent 
eruption. Many of these failures can be attributed to improper or 
complete disregard for routine maintenance. 
 
Aside from providing educational information on these topics, 
Hartford Steam Boiler is taking a more proactive stance in 
developing a wireless sensor network capable of collecting data 
associated with maintenance operations of each device. The data 
is processed by a designed device reading an engineering 
parameter to communicate the results over a wireless network 
providing the necessary Engineers with real time data. This data 
will be utilized for multiple purposes: ensuring the safety of clients, 
providing a method of rating customer compliance, and cutting the 
overall costs associated with equipment failure.		
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Holo-Krome developed the high strength socket head cap 
screw and manufacturing process in the 1950s. Their 
products are used in a wide variety of applications such as 
mining, wind turbines, and oil & gas production. Producing 
large length to diameter ratio screws requires straightening 
after heat treat.  
 
The current process requires manual part inspection and 
straightening by a well-trained operator. The operator 
straightens the bolts on an Eitel straightening press using 
only judgement and intuition, as there are currently no 
standards for how to correct the unwanted bending in bolts. 
The bolts are held in the press on a bracket which is free to 
move on the press table and has parts that wear out easily. 
The bracket components’ indefinite position and short life 
cycle is a source of variation in the straightening process 
while also requiring time to rework or remake the bracket 
frequently. The scope of the project focuses on the creation 
of a standardized algorithm for how to correct the bending in 
a bolt as well as the construction of an improved bracket to 
hold the bolts being straightened in the hydraulic press. 
 
A Matlab script has been written which, when given bolt 
dimensions and parameters defining three point bending 
similar to the setup seen in an Eitel straightening press, will 
display an elementized cross section of a bolt in bending and 
return an array of residual strains for elements along the 
surface of the bolt. To reduce the time required to inspect 
bolts, measurement gauges have been researched and 
select companies which may provide proper measurement 
instruments have been contacted. New Eitel press brackets 
have been conceptualized with solidworks models made for 
visualization of the concept bracket, and to be used as a 
base for 3D printing. The Matlab script, inspection gauges, 
and new Eitel press bracket are not yet integrated with one 
another but each piece is designed and considered with the 
prospect of integration to further automate the straightening 
and inspection process. The use of each piece in the final 
solution will include documentation for the proper use of the 
equipment and may include step by step procedures to 
standardize the bolt straightening process. 
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Hubbell Incorporated proposed the problem to create a finite 
element analysis model, that has the capability to predict the 
outcome of the Underwriters Laboratories (UL) standard 1682 test. 
This requires Hubbell’s connectors to be cooled in a freezer at -
25℃ for six hours. The connector is then removed from the freezer 
and attached to a cable (90 inches long), lifted 30 inches above a 
slab of concrete. The connector is then released, causing it to 
impact the floor. The test requires each of Hubbell’s connectors to 
withstand that exact fall, a total of eight times, without showing any 
signs of deformation, cracking, or ultimate failure. Prior to each 
proceeding fall, when the connector is lifted to the set height it 
must be rotated 45° (encompassing the full 360° by the end of the 
eight drops). The company determines the survivability of their 
products through visual inspection. Empirically testing each design 
is an expensive process with a need for constant retooling. 
 
The main deliverable is to provide Hubbell with the methodology 
behind finite element code that has the capability to accurately 
predict the outcome of this dynamic impact. The senior design 
team has successfully accomplished the task of providing the 
required steps that go into the creation of an impact model of this 
scale. This includes providing the necessary inputs, initial 
conditions, boundary conditions, and material requirements. The 
team performed the impact analysis for one of Hubbell’s pin and 
sleeve connectors in a simulation program called LS DYNA. The 
output of the analysis consists of the stresses, strains, and energy 
values over the course of a fall. 
 
Several experiments were run for the two thermoplastics that make 
up the outer shell, Valox 357U, and the cap, Valox 430. The goal 
of the experiments was to discover material data at the cooled 
temperature, there was no literature containing the material 
properties at the cooled temperature. The team ran a tensile test at 
Hubbell’s facility for three control specimens and six at the cooled 
temperature. The results produced consisted of the respective 
stress strain curves (material input for LS DYNA), and were able to 
confirm the value for Young’s Modulus of Elasticity. The team also 
performed a Charpy impact test ran with the same number of 
control and cooled specimen. The value obtained was used to 
discover how much energy the materials could absorb prior to 
fracture. This energy can be compared to the output of the 
simulation, to determine if there are any areas along the connector 
where it exceeds the fracture energy. If this occurs, then the 
redesign of the connector should be considered. 
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Infotech Aerospace Services (IAS) is a joint venture of Pratt and 
Whitney located in Isabela, Puerto Rico.  IAS designs, supports, 
and evaluates the creation of gas turbine engines, airframe 
systems, and various other aerospace products, including but not 
limited to software, tool design, structural analysis, and modeling.	
This is the third year that a UConn senior design team was tasked 
with working on this project.  The first two teams had the 
responsibility of developing a test rig and analyses to study the 
thermal response of a heat pipe, while the goal of this year’s team 
was to design and fabricate a test rig to determine the heat transfer 
coefficients of various impingement cooling ring geometries. 
 
 
The main focus of this year’s team was to implement the 
impingement cooling system and create a Computational Fluid 
Dynamics (CFD) model that would help the team understand the 
relationship between the heat transfer coefficient and the major 
parameters that must be considered in the impingement ring 
design process.  These variables include the cooling jet velocity, 
cooling jet temperature, striking distance, impingement hole size, 
impingement hole spacing and number of impingement holes.  By 
studying the effects of these geometric and flow conditions, the 
team was able to determine correlations between these 
parameters and the impingement heat transfer coefficient 
.   
 
This process included the replication of prior test data for baseline 
consistency, the design, manufacturing, and refinement of an 
impingement ring and pressurized plenum, experimental data 
gathering and analysis, and the use of the acquired experimental 
results to validate the ANSYS FLUENT numerical CFD model.  
The final CFD models will be used to reduce the iterative design 
process that currently exists for impingement cooling systems 
within the aerospace industry. 
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Jacobs Vehicle Systems is an industry leader in engine retarding 
systems and valve actuation mechanisms. Their most popular 
product is the compression release engine break known as the 
Jake Brake. The Jake Brake enables heavy duty diesel truck 
drivers to maintain speed control and reduce the amount of wear 
on the foundation brakes. The braking system turns the power-
producing diesel engine into an energy-absorbing air compressor. 
This causes high levels of cylinder pressure and thus 
correspondingly high loads on the valve train. 
 
This project looked closely into the performance of the pin and 
roller of the brake rocker. The previous design was a force 
lubricated hydrodynamic bearing using a bronze pin and steel 
roller. JVS customers were unhappy with the performance of the 
previous bronze pin, so the project objective was to step away 
from cost and performance of bronze and find a new pin material. 
With the help of Material Science Engineering students, analysis of 
pin and roller materials, surface finishes, roughness and hardness 
values provided insight on competitors systems.  
 
A simulation of the pin and roller was modeled in GT suite 
software. The model tested several different conditions including 
oil supply conditions, pin and roller clearances and material 
properties. Simulations revealed the effects of the boundary 
conditions on the oil film thickness and bearing pressure. 
 
A test rig was designed and built to perform accelerated wear 
testing on several pin designs. The rig simulates actual engine 
conditions such as cam oscillation, oil supply and reaching 
maximum engine braking loads up to 10 kN. Different lubrication 
methods were tested including forced lubrication and splash 
lubrication to see which were sufficiently effective.  
 
The end result of the project delivered the following to the sponsor: 
a conclusive overview of the tribology characteristics of the pin and 
roller surface interface, a functioning GT suite simulation model of 
the pin/roller system, a working benchtop test rig, and a pin 
material and design recommendation for JVS to optimize service 
life and production cost. 
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Kaman Aerospace is the only current producer of intermeshing-
rotor helicopters, or “synchropters”.  Their K-1200 “K-MAX” 
synchropter has seen use across the globe as a dedicated 
medium-lift external transport platform, and was produced from 
1991-2003, with a second production run beginning in 2015.  With 
the renewed demand for the K-MAX comes a desire to upgrade 
the decades-old rotor root design, which has relied on a spruce 
root flexure wrapped in composite. Because rotor pitch is effected 
by means of a trailing-edge flap on the outboard third of the rotor, 
the root of the rotor must sufficiently comply with this limited 
torsion, and also withstand the repeated changes in torsion due to 
the cyclic control.   
 
In addition, because of the intermeshing rotor configuration, the 
root must remain stiff in both the lead-lag and flapping bending 
axes, to prevent potentially catastrophic contact between 
rotors.  Finally, the rotor must withstand the high axial stresses due 
to centrifugal forces, and therefore the root must be axially stiff as 
well.  Although a conventional metal pitch collar assembly is the 
more common choice for an upgraded rotor root design, such an 
assembly would be mechanically complex, heavy, and expensive.   
 
The goal of this project is to develop a new flex-beam design to be 
used by Kaman Aerospace in their K-1200 “K-MAX” helicopter. 
The current design is a composite-wrapped spruce beam, and 
Kaman wishes to implement a replacement constructed of 
unidirectional long-fiber S-glass in epoxy, with ±45º S-glass wraps.  
Neither end-fixture nor aerodynamic considerations were within 
project scope.  
 
Our team, given flatwise and chordwise bending stiffness criteria 
for multiple stations along the flexure, designed unique cross-
sectional designs for each station, modeled using non-linear 
moment of inertia systems and simulated as constant cross-
sectional cantilever beams. Once designs were finalized for each 
station, they were blended into a final whole flexure design.  
 
Simple geometries were found for each station individually, but the 
combined flexures did not exhibit acceptable torsional compliance, 
so further iterations with more complex geometries were required 
to surmount this obstacle. In addition, small-scale testing was 
conducted to validate the approach and verify the simulated 
material properties. 
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Kaman Fuzing & Precision Products (KPP) is a leading 
manufacturer of safe and arm devices for the military. One of their 
products, the Joint Programmable Fuze (JPF), is experiencing 
increasing demand, and KPP wishes to automate some of the 
manufacturing processes to keep up. The control panel of the JPF 
undergoes a laser welding operation, followed by a helium leak 
inspection to ensure impermeability of the welds. KPP wishes to 
begin by automating the leak inspection.  
 
The automated leak inspection utilizes a UR5 robot manufactured 
by Universal Robots to load the JPF control panel to and from the 
automated test fixture. The automated test cell features two fixture 
halves that clamp the control panel within. The bottom half utilizes 
an O-ring to seal the outer perimeter of the control panel. This 
bottom half is where the vacuum chamber will be generated. 
Similarly, the top half incorporates two spring loaded rubber seals 
to seal off two holes that go through the entirety of the control 
panel. This top half is where the helium is sprayed once in place. 
The bottom fixture is in a fixed location while a pneumatic cylinder 
presses the top fixture over control panel when in the correct 
location—compressing the O-ring and spring loaded seals. The 
helium leak test software and measuring device used with the 
previous test system are used on the automated system. 
 
A programmable logic controller (PLC) is used to communicate 
between the UR5, automated test fixture, helium leak tester, and 
various sensors & actuators. The PLC communicates with the 
helium leak tester by utilizing RS-232 serial communication in 
which this both sends and receives specific controls and data to 
and from the tester. The PLC communicates to the UR5 utilizing a 
Modbus protocol and initiates the UR5 to its own specific 
operations once certain sensor conditions are met. Many of the 
sensors used are based on proximity sensors, photoelectric 
sensors, and pressure switches. Some of the sensors selected are 
incorporated to ensure both part safety and proper operations. 
Similarly, a light curtain and safety guards are incorporated to 
ensure human safety. The UR5 has built in safety functions and 
limits; however, the light curtain is programmed to ensure human 
safety of the automated test fixture only when the fixture is moving. 

	 	 	

Nathan Baker, Ronnie Fierro, Prof. Jiong Tang	
	

 
Automated Leak Test	

	

TEAM: ME 30	
SPONSOR: Scott Carlson 
ADVISOR: Prof. Jiong Tang	
	
	

MECHANICAL ENGINEERING	



205

A house of Greenwich, Connecticut has windows that suffer from 
severe condensation during the winter. The condensation on the 
windows are causing deformations in the surrounding paint and 
wood, and even causing rust. The owner is seeking an 
aesthetically pleasing modification to the existing windows that 
would eliminate or reduce the condensation/ ice without replacing 
the windows. Testing and analysis is required to pinpoint the exact 
cause of the formation of condensation. Initial research leads the 
team to believe either the steel frame or the actual glass panes are 
the source of the condensation. Either one or a combination of 
both are dropping below the dew point temperature inside his 
house, which results in the formation of condensation on the 
surface of the window. The objective of this project to analyze, 
design and fabricate a modification to the existing windows that will 
reduce or eliminate the condensation.  
 
An experiment using two raspberry pi devices programed to record 
temperatures of the steel frame and glass pane. At the same time 
a temperature and humidity sensor will record the ambient 
conditions next to the window. This will help determine which part 
of the window is critically dropping below the dew point 
temperature inside the house. A spare window the sponsor has is 
being used to take apart and study the cross section of the steel 
frame. The test rig being used to test the heat tape is comprised of 
a 1.1 cubic foot freezer with a 12x12 inch steel window frame with 
a glass pane inserted in the door of the freezer. This allows for a 
constant and controlled temperature on the window to mimic winter 
conditions. The heat tape is applied to the edge where the steel 
frame and glass meets to properly heat both and hopefully 
decrease and eliminate condensation. 
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Paramount Machine Company, located in Manchester CT, 

is a 35-year- old company that specializes in precision machining 

and assemblies for the aerospace industry. A large portion of their 

customer base includes United Technologies Aerospace Systems 

(UTAS), and their various affiliated companies. Paramount 

currently manufactures a family of deaerators for aircraft engines. 

These deaerators consist of two main parts, an aluminum shaft 

and a steel gear, which are required to be assembled by heating 

the gear to room temperature and cooling the shaft in liquid 

nitrogen. This process produces the appropriate diameter change 

in both the shaft and the gear, which allows them to be fitted 

together without any damage occurring.  

The current process is done manually, which allowed for 

improvement in areas such as efficiency, error reduction, 

technological advances, and costs. Initial experimental results 

allowed the team to create an accurate time constraint in which the 

entire process must be completed. With this time constraint, the 

team incorporated ideas put forth by Paramount into an automated 

cell which would not only reduce the human interaction of the 

assembly process to almost zero but also push Paramount into 

taking the necessary steps to further their development into the 

new technological age of manufacturing. The automated cell is 

able to complete up to 25 shaft-gear assemblies without the need 

for user interference. Each shaft will be cooled in the liquid 

nitrogen bath and pulled out automatically when needed and 

coupled with the gear. This coupled assembly will then be placed 

to dry and be collected by an employee when ready. 

The design of the cell was built to efficiently use the least 

amount of space, yet allow for optimal shaft-gear assemblies to be 

produced. Paramount will be able to effectively optimize the 

production of future deaerators using the design that the team has 

developed. 
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As an OEM of large gas turbine engines, Pratt & Whitney produces 
world class low cycle fatigue (LCF) characterization of rotor grade 
materials. Understanding fatigue allows the company to accurately 
set the service limits for their product. Uniaxial specimen testing is 
efficient for many reasons (ie size, cost, etc.), however biaxial 
testing is much more representative of the product of manufacture 
and engine operating conditions. Biaxial testing is expensive and 
typically involves full size components. For this reason, we 
designed a smaller and more cost effective biaxial test rig.  
 
In order to create a benchtop sized LCF biaxial test rig, the team 
had to design a disk test specimen with a 1:1 radial to hoop stress 
ratio and a rig that can safely cycle said specimen between 5% 
and 110% of its yield stress. Challenges included creating a 
specimen geometry that satisfies our objective without having 
competing limiting locations. Due to the high yield strength of 
Titanium 6Al-4V and INCONEL 718, the design required a custom 
designed high speed motor/drive and gearbox system and still be 
able to fit on a workbench. Considerations for containment and 
rotor dynamics were crucial in the rig design to ensure safe 
operation through transverse and torsional vibrational modes as 
the rig cycles. The design had to be extremely durable as the rig 
must operate nonstop for up to 100,000 cycles. 
 
To meet our objectives, we utilized NX 3d Software, ANSYS, and 
MATLAB to design a safe spin rig. Specimen geometries, 
mounting designs, and motor considerations were developed in 
tandem as the availability and feasibility narrowed our options. We 
created a demonstration rig with an aluminum disk for proof of 
concept due to motor availability. One advantage to utilizing an 
aluminum specimen in our demonstration is that, in contrast to the 
designed rig, a thick concrete barrier is not necessary for 
operation. Using the team’s recommendations, our sponsor will be 
able to create a spin rig capable of testing Titanium 6Al-4V / 
INCONEL 718. 
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The objective of this project is to design and fabricate a 
rotating disk test rig which can be supplied with heat and used to 
measure the variations in heat transfer coefficients across the 
disk’s surface. The purpose of these experiments is to generate 
data on how heat film coefficients change over time with varying 
rpm and distance to the static wall. Pratt & Whitney’s current data 
is outdated, and testing on current spin rigs is expensive and time 
consuming. Currently, the spin rig at Pratt & Whitney’s East 
Hartford location requires a ladder in order to view important parts 
such as the spindle. The supporting systems for the rig take up 
much of the room in which it’s installed. Testing on a smaller, 
table-top rig would be advantageous in terms of space, cost, and 
ease of access. Data on heat transfer film coefficients is important 
information, as the failure of a turbine disk can put the aircraft as 
well as the passengers on board at serious risk. 

The experimental design is based on a disk rotated at 
speeds up to 6400 rpm by a 220 W motor connected by a belt and 
pulley with a 2:1 ratio to the quill, consisting of a shaft and sealed 
ball bearings hub. The disk itself is composed of two pieces: a cast 
acrylic component of 0.25 inch thickness and a high emissivity 
coating, which is fit tightly into an aluminum retaining disk. The 
rotating components are contained in a steel housing to prevent 
injury in case of catastrophic rupture of the disk. Air is supplied into 
the housing cavity at such a speed that creates a turbulent 
boundary layer on the surface of the disk. The rotational Reynold’s 
Number is determined using the rotational speed, which is varied 
for the purposes of the study. Compressed laboratory air is 
controlled using a rotameter with a rated mass flow rate of 2-20 
liters per minute and is then heated using a heat coil before being 
input to the disk cavity. The temperature of the air is measured 
using a thermocouple at the exit point of the air input. The local 
surface heat transfer is determined by measuring the temperature 
gradient on the surface of the disk using a T650sc infra-red 
camera. The heat transfer coefficient is determined by estimating 
the temperature gradient on the surface of the disk using a 
classical one-dimensional response of a semi-infinite medium to 
the sudden step application of a convecting fluid.  
 The other component of the project is a simulation using 
the Ansys Fluent software. Heat transfer coefficients will be 
obtained from the analysis and measurements from the 
experimental rig will be used to validate the simulation. The 
simulation can then be stepped up to higher rotational Reynold’s 
numbers that are consistent with real turbine engine conditions.    
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The objective of this project is to design and fabricate a 
rotating disk test rig which can be supplied with heat and used to 
measure the variations in heat transfer coefficients across the 
disk’s surface. The purpose of these experiments is to generate 
data on how heat film coefficients change over time with varying 
rpm and distance to the static wall. Pratt & Whitney’s current data 
is outdated, and testing on current spin rigs is expensive and time 
consuming. Currently, the spin rig at Pratt & Whitney’s East 
Hartford location requires a ladder in order to view important parts 
such as the spindle. The supporting systems for the rig take up 
much of the room in which it’s installed. Testing on a smaller, 
table-top rig would be advantageous in terms of space, cost, and 
ease of access. Data on heat transfer film coefficients is important 
information, as the failure of a turbine disk can put the aircraft as 
well as the passengers on board at serious risk. 

The experimental design is based on a disk rotated at 
speeds up to 6400 rpm by a 220 W motor connected by a belt and 
pulley with a 2:1 ratio to the quill, consisting of a shaft and sealed 
ball bearings hub. The disk itself is composed of two pieces: a cast 
acrylic component of 0.25 inch thickness and a high emissivity 
coating, which is fit tightly into an aluminum retaining disk. The 
rotating components are contained in a steel housing to prevent 
injury in case of catastrophic rupture of the disk. Air is supplied into 
the housing cavity at such a speed that creates a turbulent 
boundary layer on the surface of the disk. The rotational Reynold’s 
Number is determined using the rotational speed, which is varied 
for the purposes of the study. Compressed laboratory air is 
controlled using a rotameter with a rated mass flow rate of 2-20 
liters per minute and is then heated using a heat coil before being 
input to the disk cavity. The temperature of the air is measured 
using a thermocouple at the exit point of the air input. The local 
surface heat transfer is determined by measuring the temperature 
gradient on the surface of the disk using a T650sc infra-red 
camera. The heat transfer coefficient is determined by estimating 
the temperature gradient on the surface of the disk using a 
classical one-dimensional response of a semi-infinite medium to 
the sudden step application of a convecting fluid.  
 The other component of the project is a simulation using 
the Ansys Fluent software. Heat transfer coefficients will be 
obtained from the analysis and measurements from the 
experimental rig will be used to validate the simulation. The 
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Pratt & Whitney, a United Technologies Corporation company, is a 
world leader in design and manufacturing of civilian and military 
aircraft engines. The Pratt & Whitney Thermal Gradient Rig (TGR) 
tests thermal barrier coatings used on aero-engines. The TGR 
provides an engine like environment in the lab setting to test the 
degradation of thermal barrier coatings, which is accelerated in the 
presence of molten siliceous debris and thermal gradients. While 
these test rigs have produced critical data used in the evaluation of 
high temperature coatings, the current sample holder design 
suffers from high cost consumable alumina bolts, severe thermal 
gradients induced at the bolt heads leading to edge-induced 
failure, and limitations on the durability of the holder due to the 
severe environment generated by the flame.  
 
After analysis of failed sample holders, the team focused on 
simulating and predicting fatigue, internal stress concentrations, 
and deformation in current and future sample holder designs. 
Thermal profiles were analyzed with infrared imaging cameras and 
software to identify thermal gradients and hot spots within the 
sample holder. ANSYS was used to simulate and optimize a new 
geometry which reduced internal stress concentrations, while the 
new sample holder attachment method eliminated the need for 
costly alumina bolts. The team constructed a Mini-Rig with 80-20 
steel beams and a Mapp torch to create a baseline for their 
simulation boundary conditions and validate their ANSYS 
simulations.  
 
Once an optimal geometry was developed, a prototype was 
created with stainless steel, simulated in ANSYS, and simulation 
results were validated in the Mini-Rig. The team then went forward 
with creating a final prototype with a nickel-based superalloy with 
high oxidation resistance. The prototype was tested under cyclic 
thermal loading in the TGR to predict sample holder lifetime and 
degradation. A piece of the holder was analyzed in a Scanning 
Electron Microscope (SEM) to identify and predict oxidation 
amounts that would lead to failure.  
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The Pratt & Whitney forging facility located in Columbus, GA is 
experiencing excessive downtime of their sonic inspection tanks 
due to water contamination resulting from algae growth. This 
facility is responsible for forging the raw materials for a number of 
parts. After the forging, the parts are inspected via ultrasonic 
inspection for defects that are not detectable via visual inspections. 
As a part of this process, the forgings are submerged in a 1500-
gallon water tank with a transducer that scans over the part, 
transmitting ultrasonic waves. Both the parts and the sonic system 
are sensitive to the water chemistry so cleanliness and a stable 
chemistry is important. Algae that continually re-grows in the tanks 
creates a problem. As these algae builds up in the tank, it can 
become detached from the walls of the tank and float in front of the 
sonic transducer, giving erroneous readings. 
 
The biggest culprit for floating algae/bacteria particles in the water 
stems from the pump being turned off. In order to minimize the 
down time of the pump, an automatic fill valve from the supply line 
to the tank will be installed. However, even with this solution the 
pump must be stopped at certain times. This can cause particles, 
bacterial biofilm, algae cells, dirt, and grime to be allowed back into 
the water due to a phenomenon similar to a hydraulic ram, forcing 
the particles back into the tank. To combat this a check valve will 
be installed between the filter influent and the tank to prevent 
‘backwash’ from getting into the tank. 
 
The filter being used also contributes to the water clarity issues. 
Although the filter, a 20-micron pleated fabric cartridge filter, filters 
out large debris, green algae (chlorella vulgaris) has a diameter 
between 3-10 microns and thus is largely unaffected by a 20-
micron filter. A diatomaceous earth filter will work best at filtering 
out green algae from the water, capturing particles as small as 2-5 
microns. This will be extremely helpful at maintaining clear water. 
Finally,	in order to maximize the elimination and suppression of 
any biological growth, a model using submerged ultraviolet lights in 
the range of 254 nm (UVC) was created. All aspects of this system 
design do not intrude in any way on the operation of the ultrasonic 
test inspection equipment and will be fully automated.  
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Commercial jet engines ingest debris including sand particles, while 
in operation. Post operation examination of the jet engines has 
shown the thermal barrier coatings (TBCs) are spalling off the 
metallic components. Ceramic coatings can provide thermal 
insulation to the metallic turbine components from the high 
temperatures in the gas-turbine engine, as well as a protective 
barrier against corrosion and wear. When the temperature of the 
airfoil exceeds the melting point of the ingested debris, the sand will 
change phase from a solid to a liquid (now called “CMAS” for 
calcium magnesium aluminosilicate). Capillary forces cause this 
liquid to infiltrate the pores of the coating. As the engine cools, the 
infiltrated CMAS freezes within the TBC thereby reducing its strain 
tolerance and contributing to the early spallation of the coating. 
Reducing the depth of infiltration will reduce the extent of the 
damage induced within the TBC. The goal of this study is to simulate 
the infiltration process of CMAS into an electron beam-physical 
vapor deposition (EB-PVD) TBC for various temperatures and 
viscosities. This will yield an understanding of how different 
compositions of CMAS and different temperatures cause the 
infiltration depth of CMAS to vary. In order to reach the goal of 
simulating the infiltration process, a simulation of a viscometer will 
provide the viscosities of various CMAS compositions at different 
temperatures. The goal is to provide the infiltration depths and the 
simulation software to help Pratt & Whitney understand the 
infiltration process and damage progression of CMAS on their hot 
section components. 
 
Six compositions of CMAS were synthesized. Samples were heated 
in a tube furnace to temperatures between 1100°C and 1200°C 
(most compositions of CMAS have a melting point in this range), and 
their experimental viscosities were measured from approximately 
0.50 log(Pa*s) to 10 log(Pa*s) using a viscometer. The viscosity data 
and other physical properties of the synthetic CMAS were then 
implemented in computational fluid dynamics simulations, using the 
software ANSYS, in order to produce models of the infiltration 
process based on the known structure and properties of an EB-PVD 
ceramic thermal barrier coating. The simulation was designed to be 
a periodic boundary condition showing the CMAS infiltrating the 
pores of the ceramic coating over time. Other important 
considerations in the design of the model included the effects of 
capillary action. The aim was to realistically model infiltration within 
5% error in terms of viscosity and penetration depth.  
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In the design of gas turbine aircraft engines, it is common practice 
to use optimization tools and algorithms to achieve the best 
possible steady-state engine performance. There are well defined 
processes for optimizing steady-state operation, but there are not 
widely publicized approaches for optimizing engine performance 
during transient operation. The goal of this project was to define an 
approach for optimizing transient engine performance, and to 
demonstrate the feasibility of this approach for developing transient 
operating schedules using a gas turbine simulation. 
 
During the transient operation of a gas turbine engine, the Full 
Authority Digital Engine Control (FADEC) is responsible for 
controlling various engine effectors (fuel flow, stator vane position, 
bleed flow actuation, etc.) so that the engine accelerates and 
decelerates as desired. The FADEC controls these engine 
effectors using transient schedules that are typically developed 
using engine simulation tools such as Numerical Propulsion 
System Simulation (NPSS). This project focuses on varying these 
engine effector schedules to maximize the stall margin in the high 
pressure compressor during accelerations. The optimized engine 
effector schedules would maintain engine stability while also 
producing the target thrust within the time limit prescribed by the 
Federal Aviation Administration. Increasing the stall margin during 
accelerations can reduce the amount of engine maintenance 
required. 
 
An NPSS based gas turbine simulation was used to generate the 
engine effector schedules and calculate the resultant available stall 
margin. Initially, fuel flow rate was the only engine effector 
considered. To generate modified schedules, each node in the fuel 
flow schedule was perturbed by a small percentage. The resultant 
stall margin was then used with an optimization code to fine tune 
the schedule. This process was repeated, with the percentage of 
the modifications changed as required after each iteration, until an 
optimal schedule was reached. Any schedule produced by the 
optimizer that didn’t meet the requirements was discarded. After 
fuel flow, other effectors such as stator vane angle and bleed 
actuation, were evaluated. The same process was used to refine 
these schedules to further optimize the transient response. 
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In a world of constant innovation Sikorsky’s S-97 Raider 

helicopter stands out as a leader in aviation technology. Aiming to 
be the fastest, most maneuverable rotorcraft in history, this aircraft 
has been equipped with twin, coaxial sets of rotor blades that 
rotate in opposite directions. As a result, the conventional design of 
external dampers placed at the base of the helicopter’s blades 
cannot be used in the design of the S-97 Raider. Therefore, 
Sikorsky patented the idea of utilizing an in-blade damper to lessen 
the vibration of the helicopter blades. Sikorsky presented group 
ME39 with the problem of developing and testing an effective in-
blade damper design. This project aimed to proof of concept the 
patent and determine the feasibility of further research into an in-
blade damper. The goal of this study is not solely for 
implementation in the S-97 Raider helicopter, but for use in further 
designs lacking external dampers.  

 
 Following extensive research of effective damping 
mechanisms, group ME39 was capable of designing functional 
prototype dampers. The damping models were implemented in a 
small scale beam and their effectiveness measured. This was 
done through the use of a shaker table in one of the labs on 
campus, where the beams were shaken at frequencies that are 
representative of the vibrations felt during flight. The dampers 
demonstrated the ability to lower the damped natural frequency of 
the beam and therefore would act to expand the operational range 
of the blades. Throughout testing, several unique designs of 
dampers were examined and modified over a variety of 
parameters. The overall maximum damping for each model was 
determined and compared amongst the designs. Once an ideal 
design was determined, the best prototype was optimized and 
theoretically scaled to a full size model. The cost, containment, and 
maximum effective damping of the model was returned to Sikorsky 
for further analysis. 
 
 Ultimately the purpose of this project determined the 
feasibility of future investment by Sikorsky in an in-blade damper. 
The work developed through this project has the potential to be 
implemented on both current and future helicopter designs to 
expand their operational ranges and lifetimes.  
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Sikorsky Aircraft is a manufacturer of commercial and military 
rotary aircraft recently acquired by major defense contractor 
Lockheed Martin. The tail rotor drive shaft of a helicopter plays an 
important role during the power transmission from the main engine 
to the tail rotor. In the installation process of the shaft, some 
unbalance is created. Sikorsky currently balances shaft segments 
manually by adjusting the position of weights placed on the surface 
of the shaft. This is a tedious process causing a waste of time and 
money. The goal of this project is create a wireless shaft balancer 
which can move the eccentric mass to the desired position during 
operation of the aircraft. Each adjustment should be complete in 
less than 20 seconds, the device structure must survive centrifugal 
forces and 20g vibration at 100 Hz, and it must fit within a 5.5 inch 
diameter envelope without marking or affecting the shaft. 
 
After identifying requirements, the team provided conceptual 
designs of this device. Research showed that no similar device 
was created for a similar form factor. The team then selected by 
analyzing risks associated with each design and conducting a 
trade study. The central design involves using 2 motors fixed to the 
shaft via clamping collars to move concentric geared rings with 
eccentric mass. The relative angular positioning of the masses can 
therefore be adjusted to control phase and magnitude of balancing. 
Servo motors were researched and selected in a small form factor 
and inline gearbox to allow passive locking of the device and high 
precision of motion control. The design is 3D printed initially to test 
basic functionality. In order to make sure the device can work as 
expected, a risk reduction test will be done before the prototype 
been manufactured. The device will be clamped on a hollow pipe 
of the same diameter as the actual helicopter shaft. The shaft will 
be driven by a speed-controlled motor. Initially, the device is tested 
operating under the 2000 RPM in order to guarantee the device 
can work at low RPM. This step is used to verify the eccentric 
mass can move to the desired position as expected. Once this 
project is finished, we will increase RPM up to the nominal 4000 
RPM of the aircraft. 
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Stanadyne is a global technology leader in fuel systems 
with corporate headquarters in Windsor, CT, and a global 
presence of manufacturing and development centers. Stanadyne 
engineers and produces fuel pumps for gasoline and diesel 
engines used in a variety of applications including commercial 
automobiles, motorsports, farm equipment and heavy construction 
equipment.  
 Our team was tasked to model and diagnose a snap-shut 
condition occurring in a control valve for a gasoline high-pressure 
pump. The pump’s objective is to keep the engine’s fuel rails 
sufficiently pressurized. A control valve meters the direction of the 
fuel flow. During the pumping cycle, the control valve is kept open 
“spilling” the inlet flow back to the low-pressure supply; when a 
required fuel volume is to be pumped out, the control valve closes 
and high-pressure fuel is then supplied to the rail. Stanadyne 
determined that at certain operating conditions the control valve 
closes during the spill cycle without command, and fuel will 
unintentionally be delivered to the rail, known as snap-shut. 
 Our team was able to model the control valve using 
ANSYS Fluent as shown in the figures. With this model, we were 
able to attribute the snap-shut phenomenon to the Bernoulli 
principle. Bernoulli’s principle states that an increase in the speed 
of a fluid occurs simultaneously with a decrease in pressure. 
During the spill cycle, fuel is going through the control valve there 
is a large increase in speed, creating a localized low-pressure 
zone that drives the valve shut. The geometric simulation was 
changed to determine what changes could be made to prevent 
snap-shut.  

A testing rig was built to show the snap-shut. The 
schematic of the fluid circuit is shown in the figures. Fluid flows 
through a pressure control valve regulating the fluid flow, then 
through a flowmeter able to measure the flow rate, the control 
valve, and the return to tank. Pressure gauges are in place before 
and after the control valve. Our team tested the control valve in its 
initial set up and then changed its geometric set up to determine 
what may be causing snap-shut. Testing results rig were then 
compared to the ANSYS simulation to verify and validate the 
simulation results and properly diagnose the issue. 
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Quantum Biopower utilizes anaerobic digestion to convert waste 
organic material into renewable energy in the form of biogas. One 
byproduct of this process is hydrogen sulfide (H2S); a compound 
which chronically deteriorates internal combustion engines and is 
hazardous to the environment. Before utilizing biogas as a source 
of energy, its hydrogen sulfide content must be diminished. 
Quantum Biopower currently uses a bacteria culture system to 
digest the hydrogen sulfide in the gas. The system is costly and 
requires constant maintenance by personnel to support the health 
of the bacteria. The Chemistry Department at the University of 
Connecticut is developing a metal-oxide material that is highly 
sorptive of H2S. The material also has the capability to regenerate; 
extending the life of the material as it is saturated. The project goal 
is to develop a desulfurization filter using the cutting edge metal-
oxide material. The filter is intended to be a lower cost solution 
than current options. 
 
The filter was designed using cartridges that housed the metal-
oxide material and allowed the gas to make contact with the 
material as it flows through. The cartridges were easily replaced 
which allowed for rapid testing of various filter geometries. A test 
rig was designed to demonstrate the effectiveness of the filter and 
its regenerative capabilities with unconditioned biogas samples 
from Quantum Biopower.  Experimentation was conducted by 
varying filter housing temperature and biogas particle residence 
time, the amount of time the biogas is in contact with the filter 
media. The pressure of the biogas was held slightly above ambient 
pressure to simulate conditions of Quantum Biopower’s facility. 
Temperatures ranged from room temperature to 750 F to 
determine the optimal sorptive performance of the metal-oxide 
material. Residence time of the biogas was used to demonstrate 
the scalability of the prototype filter. Upon completion of the 
project, Quantum Biopower will have another option to consider in 
the desulfurization of biogas. 
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Superior Electric is a market leader in the manufacturing of voltage 
and power control equipment, and also provides more specific 
offerings for customers with unique project requirements. The 
objective of this project is to effectively package components 
required to build a power supply, designated RDC Mini, in order to 
meet Military Specification Qualification Testing. The RDC Mini is 
comprised of a 450V input and a regulated 28V DC output and is 
designed for specific electronics testing as well as general purpose 
battery charging applications. Using the provided electrical system 
the team worked to design a unit to safely house the system while 
optimizing for ease of manufacturing and maintenance. The entire 
package must pass MIL Specification shock, vibrations, and water 
drip tests, with additional goals of reducing size, weight, and cost 
where possible.  
 
Using several older units as a starting point, the team designed 
both a 3D model in Solidworks and a physical prototype. The 3D 
model was used in conjunction with simulation software to examine 
the performance of the design when undergoing the MIL 
Specification tests, with heavy emphasis on shock load and 
vibration testing. The physical model acted as a proof-of-concept 
for determining real-world limitations in the design, with changes 
being made to account for considerations such as ergonomics, unit 
mounting, and manufacturability. The design itself underwent 
multiple iterations to increase performance and respond to 
changing parameters, such as new size constraints and preferred 
locations for electrical components. Following satisfactory 
performance in simulations, a final prototype has been built for 
testing using the materials and components that will be included in 
the final product. The prototype has been shipped and is now 
undergoing testing in a third-party lab. In the meantime, a second 
unit has been prepared to undergo sea trials once the first unit has 
passed the requisite tests. 
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Triumph Engine Control Systems (TECS) is a group that 
specializes in manufacturing fuel pumps, fuel metering units, fuel 
controls, and electronic engine control systems for the aerospace 
industry. This includes military, commercial, regional as well as 
business aircraft. Our project was to research, test, and 
recommend an alternative to TECS current LVDT measurement 
device. LVDT stands for Linear Variable Displacement Transducer 
and is a sensor that converts the linear movement of an object into 
electrical signals. TECS currently uses an LVDT to measure the 
deflections of the piston in their gear pump system. Our 
recommended system needed to be small, low cost, rugged, as 
well as accurate. It will be measuring piston deflection of 2 to 10 
mm and requires a measurement resolution better than 0.1% of the 
full stroke. Finally, the system needs to withstand the high 
temperatures and pressures of a jet engine fuel control, with 
temperatures reaching 300°F and pressures reaching 1000 psi.	
 	
         We tested two different types of sensors; a linear encoder 
and a magneto-inductive linear displacement sensor. These tests 
were done on a test rig consisting of the sensor, a linear motor, 
and a replicate metering valve machined by TECS. These tests 
were done by calibrating our sensor in relation to the valve’s closed 
position, and then providing the motor with a set displacement to 
move the piston. This displacement was then read by the sensor 
and recorded. We evaluated accuracy by comparing our input 
displacement signal to the output displacement reading of the 
sensor. We were then able to calculate percent error and accuracy 
of the sensor. Early in our research we calculated accuracy based 
on the supplier specifications of the sensors. We were able to 
compare our test results to these calculated results. Our next task 
was to calculate accuracies and errors for TECS current LVDT 
system, and compare these results with our chosen sensors. Our 
last task was to recommend an alternate sensor to the LVDT and 
specify any modifications that need to be made to the sensor or 
housing in order for the sensor to withstand the harsh fuel pump 
environment. Through our tests and extensive research, we were 
able to recommend a sensor to Triumph Engine Control Systems 
that improves on both accuracy and cost complexity.   	
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In this project, we are working with Triumph Engine Control 
Systems to design, build and test a two stage gear pump. The 
inclusion of the two separate stages acts to improve the efficiency 
of the system. The gear pumps shown in the schematic to the left, 
are MFP-297 fuel pumps, which will be provided by Triumph 
Group. All other components shown in the schematic will be 
produced by our group, which will act to control the switching off 
and on of the two stages which correspond to the required fuel 
output for a jet engine depending on whether it is being started, 
accelerating, or at cruising speeds. The start to finish design 
process will include making CAD models in SolidWorks of all the 
valves, then determining how to arrange and plumb them together 
by doing fluid dynamics analysis and integrating the physical 
concepts that govern the system into simulation software to 
optimize pump efficiency. We will be using Simscape Fluids, a part 
of SIMULINK software made by MathWorks, to complete this 
analysis. Then a manifold to house all of the valves in this 
arrangement will be machined from aluminum. Triumph is 
providing the valve hardware, such as springs, pistons, bolts, etc. 
which will be placed in the housing we design, and this system will 
be tested using one of their test rigs. Data will be collected to 
determine the system’s efficiency and where improvements can be 
made. Possible malfunctions in the system include leakage, failure 
to maintain a constant pressure drop across the metering valve, 
and improper signaling of the stages of the metering head 
regulator. For this reason, extensive theoretical and simulation 
analysis is a very important requirement to precede the 
manufacturing of the manifold.                      
 
With the help of TECS we developed a modified 2 stage gear 
pump which at high flow/velocity conditions, both pumps are 
required to operate to start the engine. Stage I of the metering 
head regulator senses change in pressure across the metering 
valve and signals stage II to adjust the return flow in order to 
maintain a constant change in pressure across the metering 
valve.  As more flow returns, eventually the second pump gets 
checked off from the main flow, and recirculates back to gear inlet 
at low pressure, thus reducing excess heat generation due to the 
low pressure. Results showed that for low flow/velocity conditions 
the 2 stage gear pump with 1 stage turned down was more 
thermally efficient than a single stage gear pump.  
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For 55 years, Carl Rettenmeyer and his wife collected hundreds of 
specimens of army ants as part of their lifelong research at the 
University of Connecticut. Their samples remain with the Ecology 
and Evolutionary Biology Department at the University of 
Connecticut to this day, and Dr. Rettenmeyer’s work continues to 
inspire and educate. To that end, Dr. Janine Caira (a world-
renowned parasitologist at UConn) has organized the AntU project 
in order to inform and educate the public on the fascinating world 
of army ants and their behaviors. A number of army ant statues 
have been placed on exhibit around the UConn campus; each ant 
is over a meter long and weighs about 28 lbs. Dr. Caira has 
sponsored this Senior Design project to create a robotic platform 
that can carry such a statue around in paths reminiscent of actual 
army ant behavior. 
To start with, the team investigated the controls of such a robot 
using a smaller mock-up construction driven with an Arduino 
microcontroller. The mock-up could successfully move forwards, 
backwards, and turn in place, and incorporated ultrasonic proximity 
sensors for obstacle avoidance. Commands could be sent to the 
robot from a laptop using a pair of radio frequency transceivers. 
The full-scale robot consists of a ½” plywood platform on which the 
ant statue is mounted, and DC brushed motors run a belt drive 
system with four wheels operable in either direction and within a 
range of speeds. Like the smaller mock-up, this robot includes 
ultrasonic obstacle avoidance and radio frequency communication 
capabilities. The robot follows specific instructions to move along a 
pre-orchestrated path as the user intends. 
The ultimate goal for the project in future years of Senior Design is 
to construct about 20 robotic ant platforms which can all follow pre-
made paths and interact and behave together in the same way real 
army ants do (e.g. executing bivouac formations), using the current 
design as a base. 
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UTC Aerospace Systems (UTAS) is a world supplier of 
technologically advanced aerospace products. They design and 
manufacture various components for aircrafts, helicopters and 
spacecrafts. One component UTAS is responsible for is the 
Environmental Control and Life System Subsystem (ECLSS). A 
subsystem of the ECLSS is the Active Thermal Control System, 
whose liquid cooling loop is comprised of a pump package and a 
sublimator heat rejection device. Sublimators utilize the vacuum of 
space to expel heat from the spacecraft. The porous plate is 
located between the vacuum of space and a source of water. The 
heat is released in the form of water vapor through the porous 
plate, forming the ice layer on the opposite side. The edges of this 
porous plate must be sealed to prevent water vapor from escaping 
through the sides as it goes from one side to the other. If the water 
vapor were to leak through the edges of the porous plate, ice 
would form and hinder the function of the entire assembly. 
 
Currently, UTAS utilizes a brazing process to seal the edges of the 
porous plates. UTAS desires a faster and less expensive method 
for sealing the porous plates. After much research, the team has 
developed two possible methods. The first being laser cladding, a 
process where material is added to the plate using a powder and a 
focused laser beam. The second method being thermal spraying, a 
process in which molten material is sprayed onto the plate to 
create a sealed perimeter. To test the porous plates, feedwater fin 
and parting plate sections were attached using the appropriate 
epoxy for the given test and closure bars are applied around the 
perimeter. Two configurations were not sealed, allowing the team 
to gather controlled data to give a baseline. Each configuration has 
been tested to ensure that it has the same thermal conductance 
and structural strength as UTAS’s current configuration. 
Additionally, each configuration has been tested to ensure no 
leakage from the edges of the sealed porous plates. The testing 
data was compared to the FEA simulations created in ANSYS. 
Each of the sealing methods were found to be successful. With this 
information UTAS will be able to reduce the time and cost of 
sealing the porous plates. 
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UConn Electric Motorsports (UCEM) is an on campus club 
sponsoring four separate senior deisgn teams, each tasked with 
building an integral component of a single-seat electrically 
powered formula-style racecar. From design to production 11 
students have brought together the best components sourced from 
around the world integrated into a single vehicle. North America’s 
first electrically powered aluminum honeycomb chassis is capable 
of accelerating from 0-60 mph in under three seconds.  

 
The mechanical team was tasked with the design and 

construction of the chassis for the 2018 UCEM vehicle.  An an 
aluminum honeycomb monocoque was chosen as an alternative to 
the conventional steel tube spaceframe to optimize cost and 
weight. Simpler construction that required minimal welding and 
allowing dependent systems to have extreme flexibility in mounting 
and integration. Additionally this novel material use and design 
allows UCEM to gain a competitive marketing advantage.  

 
 Research as well as in-house testing was performed on 
the honeycomb was used to prove structural equivalency to steel. 
The unique structure of the material gives it vastly different 
properties under different conditions. As expected, the honeycomb 
material shows maximum strength under  distributed load, as the 
honeycomb cells work together to support extraordinary forces. 
This heavily impacted not only the design of the chassis, but all 
component mounts. Both the industrial-strength epoxy and rivets 
that are used to attach honeycomb panels were tested to ensure 
that they will not be the weakest link.  
 

Once the design and manufacturing of the chassis was 
complete, we continue to push for full integration with all other 
functioning systems on the vehicle. This entails customized 
mounting points for all atachments, ensuring the chassis is able to 
accomadate all aspects of the electric vehicle.  
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The main sponsor of this project is the University of Connecticut, 
specifically the Cellular Mechanics Laboratory directed by Dr. 
George Lykotrafitis and the FSAE Club. While most of Dr. 
Lykotrafitis’s research revolves around creating true-to-life 
simulations on the molecular and cellular scale, he is interested in 
applying this same approach to a variety of different applications. 
One such area of interest is to demonstrate the utility of Virtual 
Reality (VR) in the Industrial/Educational frontier. 
 
Virtual reality (VR) is a computer technology that utilizes a 
wearable headset to generate realistic images, sounds, and other 
sensations to simulate a user’s physical presence within a unique 
environment. A person using virtual reality equipment can view and 
interact with objects in a simulated world.  VR today is most 
prevalent in the gaming and entertainment industries to create 
richer experiences. As the technology continues to develop in 
serving these purposes, it has evolved into a tool with the potential 
to enhance other areas, such as the engineering industry and 
education. Specifically, VR can be a powerful tool in product 
design simulation and education by offering highly programmable 
and true-to-life digital workspaces. 
	
The central objective of this project is to prove the utility of virtual 
reality for industrial and educational applications by creating an 
interactive true-to-life representation of the FSAE car in VR. The 
team’s accomplishments include a framework for processing all 
CAD models into the VR programming environment (Unreal 
Engine), creation of a modular part-to-part mating mechanism and 
steering simulator, and development of realistic virtual 
surroundings. 
 
The CAD Model Processing framework is a piece of 
documentation highlighting all steps and parameter settings 
needed to import SOLIDWORKS CAD models and files for use in 
Unreal Engine.  The Part-to-Part Mating Mechanism forms the 
basis for connecting objects to one another, granting a user the 
ability to place wheels and panels on a car only if they are within a 
proper range of positions and orientations. This is accomplished by 
relating the 6 degrees of freedom of each part in 3-dimensional 
space. 
 
Completion of this project’s objectives will provide the FSAE team 
and the Cellular Mechanics Laboratory with a powerful tool for 
product design simulation. 
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Team 51 has designed a remote mass detection device in 
conjunction with UTC Climate, Controls & Security. CCS 
manufactures and implements fire suppression systems across all 
disciplines of UTC. The suppression tanks used in many of these 
systems need to be inspected biannually to ensure each tank has 
sufficient fluid levels. If the fluid level within a tank is reduced by 
2.5% it must be replenished. This inspection process is manual 
and extremely time consuming; weighing the tanks is currently 
done by detaching each tank from the hoses, lifting it onto a scale, 
and comparing the value to the one previously recorded. CCS is 
seeking to automate this process to improve the accuracy and 
mitigate the costs of this inspection. 
  
These tanks are an integral part of fire suppression systems in 
buildings all across the country, which are critical to the safety of 
everyone inside. As such, a robust, reliable solution is being 
designed to meet UTC’s high level of excellence. Additionally, it is 
important to have redundancy and make it easy to use, while still 
keeping the solution cost effective. 
  
Many different sensors were considered in this project, including 
load cells, sonar actuators, and hammer impacting.  The design we 
have gone with includes the use of ultrasonic sensors as well as a 
knocking device that hits the tank with a constant force.  The 
knocking device vibrates the tank and the ultrasonic sensors act as 
microphones that can determine the frequency of this vibration. 
This frequency change from when the tank was originally full can 
determine when the tank has lost 2.5% of its original mass and 
needs to be refilled.  This system is in use 24 hours a day 7 days a 
week so whenever there is a leakage in a tank it can be refilled by 
a UTC employee. 
 
. 
 
 

	
Alex Barrera, Hershel Patel, Le Yu, Dr. Xu Chen 
 
 

Fire Suppression Tank Mass 
Detection Sensor System 

	

TEAM: ME 51 
SPONSOR: Marcin Piech 
ADVISOR: Dr. Xu Chen 
	
 

MECHANICAL ENGINEERING 



225

Vespoli USA Inc. is an Olympic-Level rowing shell manufacturer in 
New Haven, Connecticut. The objective of this project was to 
produce a testing apparatus and method that determines the 
torsional and bending stiffness for all of the racing shells that 
Vespoli produces. When a boat deflects, some of the rower’s 
energy is lost. Therefore, the stiffer the boat, the faster the shell 
will move. The current procedure for testing the bending stiffness 
of the shells involves hanging weights from the bow and observing 
the deflection This method is not accurate nor precise enough and 
it does not test the shell’s torsional stiffness. Vespoli require a 
testing apparatus that will give reliable, consistent results that they 
can use for design improvement validation, quality assurance, and 
marketing. 
 
In order to fulfil this need, a testing apparatus was designed and 
built that would universally be able to test the bending and 
torsional stiffness for all of Vespoli’s current and future racing 
shells. The apparatus uses automated components to perform the 
stiffness test with minimal to no operator intervention. Using laser 
measurement devices, the apparatus takes the stiffness 
measurements and exports the information for data logging. In 
addition, common modules were utilized in order to increase 
manufacturability and transportability of the apparatus. 
 
Using ANSYS finite element analysis software, the apparatus’s 
own stiffness was simulated to ensure it would not deflect enough 
during a testing procedure to impact the shell stiffness 
measurements. For more accuracy assurance, the apparatus uses 
a programmable logic controller (PLC) and a human machine 
interface (HMI) to allow any user to easily and reliably test all of 
Vespoli’s shells. During the testing procedure the operator will 
receive shell model specific instructions via the HMI and clamp the 
shell to the apparatus accordingly. Through the touch screen HMI, 
the operator will conduct the test by a simple press of a button. All 
of the testing data produced will be available for an engineer to 
export. 

`	Tegh Terrell, Dillon Johnson, Anthony Pizzola, Mr. 
Tom Mealy 
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Web Industries is a global leader in flexible material converting and 
end-product contract manufacturing. The Hartford branch of Web 
Industries is a leader in the printing, coating, laminating, and 
extrusion of flexible, narrow materials. Currently, Web Industries is 
using an eddy current sensor in their polypropylene plastic 
extrusion line to perform thickness measurements. This 
measurement sensor needs to be manually moved to various 
segments along the width of the plastic in order to provide a 
thickness measurement. Although this method works to control the 
plastic’s thickness, it creates a lag in their process control. Due to 
this, Web Industries is looking for a modern thickness 
measurement system that is capable of continuous scanning and 
real time readouts of the extruded web thickness at any time. The 
benefit of this will not only be insured quality compliance, but it will 
greatly aid the machine operators in adjusting the extrusion die to 
maintain the desired web thickness. 
 
To accomplish this goal, our team conducted extensive research to 
determine the optimal measurement technology that not only 
ensured continuous scanning and real time readouts, but also 
accuracy, precision, and durability. From this research, we arrived 
at the conclusion that Linear Variable Differential Transformers 
(LVDT) would be the best thickness sensor to use in the 
polypropylene extrusion line. 
 
The final design uses two types of LVDT probes to provide the 
most accurate results while remaining user friendly. The standard 
spring type LVDT probe is mounted on a linear actuator that 
constantly traverses the web, creating a thickness profile of the 
entire web. The second LVDT probe used is a pneumatic probe. 
This probe is air actuated and mounted on a linear guide rail so 
that the operator can move it to any position along the web, take a 
spot measurement, and then retract the probe so that it is out of 
the way again. These two probes styles, when used together like 
this, offer maximum accuracy while remaining user friendly. 
 

	
Kyle Sanford, Andre Bent, Tri Nguyen, Dr. Bryan 
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Westinghouse Electric Company LLC	is the worlds leading supplier 
of nuclear technology. In 1957 they introduced to the world the first 
commercialized pressurized water reactor in Shippingport 
Pennsylvania. Westinghouse technology is behind approximately 
half of the worlds 430 nuclear power reactors, providing a true 
“powerhouse” of nuclear technology and innovation. Westinghouse 
Nuclear is currently developing a concept power conversion 
system. Using supercritical C02 as the working fluid, and a nuclear 
reactor for heat generation, they hope to provide efficient power in 
a smaller package to regions in the northernmost territory of 
Canada, Nunavut. This group has been recruited to design the 
heat rejection device for this concept power cycle. The idea of 
using the environment to reject 3MW of heat is not only realistic, 
but the ultimate goal of Westinghouse and our group.  
 
One of the biggest parts of this project is understanding the 
ambient conditions of Nunavut, Canada; and how they can be 
used to our advantage while designing a heat exchanger. Through 
research of the environmental cooling routes, and understanding of 
each (air, water, and permafrost), the group optimized and 
controlled many variables, to establish the most cost effective, and 
efficient design. Through our research, it was established a water-
cooled heat exchanger in this specific region of the world was not 
only unreliable, but could not effectively meet the cooling needs. In 
air-cooling, a massive system was necessary, and lead to an 
unrealistically sized cooler. In the end, permafrost (a region 
underground where the soil is a constant cool temperature) was 
established to be the best cooling route for this system. A design 
has been developed and iterated to become the ideal heat 
rejection system Westinghouse desires. Finned tubes are at the 
core of the system, maximizing surface area while remaining 
realistic in terms of size and environmental impact. In the end, an 
optimized design and list of sensitivity of variables are the ultimate 
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Whitcraft LLC—located in Eastford, CT—is a world leader 
in lean manufacturing, specializing in the production of formed, 
machined, and fabricated sheet metal aerospace components. 
They tasked us with the design, development, and fabrication of an 
improved roll press machine utilized in forming turbine compressor 
stator vanes. We utilized the principles of Kaizen, or continual 
improvement, to enhance existing press designs. Improvements 
include a “right-sized” press design (75% reduction in machine 
footprint on the shop floor), addition of a mechanical locking 
mechanism during the rolling phase, and addition of a hands-free 
loading/unloading device. 
 

Future demand for stator vanes will require several 
operational roll press machines, and the current press takes up 
over 30 ft2 of floor space. Reducing the floor space required per 
machine would allow for more machines to be built and put into 
use, increasing production per square foot. This ties into the idea 
of building the press “right sized” which means using no more 
space or energy than absolutely necessary. Downsizing the 
machine is a step in the right direction, however there is still 
wasted energy during the rolling process. For that, a mechanism 
was designed that mechanically locks the press, so the hydraulic 
pressure need only be applied during the initial stages of the 
process. The final improvement was the development of a small 
device attached to the roller assembly which will load and unload 
parts without the need of an operator to put their hands inside the 
machine. This increases productivity and safety. 
 

Our approach to improving these areas of the machine 
were based in lean principles. Simplicity of design, and iterative 
tinkering and testing allowed for verification of the modeled data 
and improvements upon the physical design through moonshining. 
Moonshining is the process of working with your hands, and 
physically trying new and creative approaches to solving complex 
problems. The hands-free loading/unloading device started as 
pieces of cardboard, and through moonshining, became a 
workable and serviceable piece of the roll press. Design of the 
locking mechanism focused on minimizing moving parts. This 
made the press more rigid, decreased energy usage, and requires 
less parts and maintenance. Overall, we are proud of the work we 
have done and we are honored to have been a part of the 
continual improvement taking place every day at Whitcraft LLC.	
 

	

Brandon Steeves, Mateusz Sroka, Lucas 
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Zachry Nuclear Engineering, headquartered in Stonington, CT, 
provides engineering and design services for the nuclear power 
industry.  Inside the containment building of a nuclear power plant, 
coaxial cables are used to transmit signals from high range 
radiation monitor (HRRM) sensors to indicators located inside of 
the control room.  During an accident, such as a Loss of Coolant 
Accident (LOCA) or a Main Steam Line Break (MSLB), or any 
other operational transients, HRRMs provide operators with 
radiation level readings so that they can properly diagnose and 
respond to the event.  A thermally induced current (TIC) can be 
generated in the HRRM coaxial cable due to rapid temperature 
changes within the containment building, such as those which 
occur during a LOCA.  Currently, within the nuclear power industry, 
training is necessary to help operators determine when to ignore 
HRRM readings brought on by TICs during known temperature 
gradients. 
 
Since most nuclear power plants use different coaxial cables and 
cable-in-conduit configurations, the purpose of this project was to 
understand the TIC effects on different coaxial cable-in-conduit 
configurations used in HRRM systems, and to provide potential 
suggestions for improving or upgrading HRRM systems to 
eliminate the TIC problem.  This project involved designing, 
constructing, and operating a safe and financially feasible test rig 
to measure TICs on the scale of picoamperes and nanoamperes, 
as well as performing transient two-dimensional (2D) thermal 
analysis of one cable-in-conduit configuration used in testing. 
 
The experimental test rig consisted of two 7 ft troughs, constructed 
out of aluminum gutters insulated with Styrofoam.  To create a 
temperature gradient on the surface of the cable, 6 ft of coaxial 
cable inside a water tight galvanized steel conduit was moved from 
one trough, filled with ice water, to the other, filled with boiling 
water.  An electrometer, connected to both ends of the cable, 
measured the current that was generated in the cable due to the 
temperature gradient.  Multiple thermocouples were placed along 
the surface of the cable at various locations, allowing us to obtain a 
transient average temperature reading across the cable surface, 
which was then used to validate our 2D thermal analysis model. 

	
Kelsey Bushkoff, Charlotte Veitner, Dr. Wilson 

Chiu 
 
 
	

Study of Thermally Induced 
Currents in High Range Radiation 

Monitor Cables 
	

TEAM: ME 56 
SPONSOR: Shane Williams 
ADVISOR: Dr. Wilson Chiu 
	

MECHANICAL ENGINEERING 



230

The Pettes Lab conducts research mainly in the areas of 
nanoscale heat and energy transport. 2-Dimensional 
semiconducting metal dichalcogenides are a class of materials that 
exhibit desirable properties for uses in next generation electronic 
and optoelectronic applications due to their extraordinary electrical, 
optical and mechanical properties. Future devices are envisioned 
to bend and stretch and large changes to the properties of these 
materials have been predicted in the presence of strain. 
 
There are certain properties of materials that only become 
apparent at very low temperatures and pressures. The aim is to 
design an apparatus to produce the conditions to study these 
emergent properties. Commercial instruments (such as those 
manufactured by Janis Research Company, Oxford Instruments, or 
Montana Instruments) exist but inherent limitations in the design 
prohibit precise or accurate multi-property measurements, and 
knowledge of the exact sample temperature is unknown. A solution 
is needed to effectively produce the environments necessary for 
analysis of these emergent properties, which includes a full finite 
element modeling approach to identify parasitic heat loss channels 
and predict the exact sample temperature under realistic operating 
conditions. 
 
The sample mount consists of two halves machined from solid 
copper. The bottom half serves as a cold trap for liquid nitrogen. 
The cold trap works in conjunction with the disc cartridge heater to 
control the temperature at the surface of the sample. ANSYS 
simulation software is used to examine the effectiveness of several 
design iterations and to identify the major areas of parasitic heat 
loss.  
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Gyroscopes are the primary sensor that helicopters and missiles 
use to guide themselves. It goes without saying that being able to 
reliably control a plane, or direct a missile at the right target, is 
always of utmost importance. UTC Aerospace is one of the world’s 
largest manufacturers of aerospace products ranging from 
completed jets, missiles, and helicopters down to magnets, 
sensors, and of course gyroscopes. To ensure a gyroscope’s 
reliability and longevity, UTC Aerospace routinely cleans out any 
debris during the assembly process using an ultrasonic cleaner, a 
specialized cleaning machine that utilizes cavitation.  
 
Cavitation is a phenomenon that occurs in fluids when they are 
subject to high frequency pressure waves. The pressure waves 
essentially pull the fluid molecules apart, forming spherical regions 
of empty space. These cavities promptly implode, and the resulting 
shockwave blasts debris off any surfaces submerged in the fluid 
while the pressure waves are applied. The shockwaves vary in 
strength depending mostly on the frequency of the applied 
pressure waves.  
 
Most ultrasonic cleaners operate at a single frequency, typically a 
weak one, to ensure the integrity of all parts being cleaned. When 
cleaning larger more durable pieces, this makes the process 
lengthier and more expensive than it already is.  
This project explores the potential of building a cleaner with 
adjustable frequency to adapt most optimally to the piece being 
cleaned, as well as integrating a control system to monitor and 
partially automate the cleaning process. 
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A heat pipe is an effective and well-established device which 
transfers energy from two solid surfaces through thermal 
conductivity and phase change with a small temperature drop. A 
non-phase change heat pipe (NPCHP) is a recently developed 
heat transfer device yet to undergo extensive testing. The device 
consists of a heated section (evaporator) and cooled section 
(condenser), which are connected by an insulated (adiabatic) 
section. The heat transfer in a NPCHP depends on a pressure 
increase from the temperature increase of the working fluid, rather 
than phase change and volume response to temperature increase 
as in conventional heat pipes. As working fluid temperature 
increases from the heat source, the pressure inside the pipe 
increases. The pipe is filled with enough liquid to limit volume 
expansion and thus suppress phase change. Since the NPCHP is 
not dependent on phase change and does not contain a wick 
structure, many limitations of conventional heat pipes do not apply. 
  
The objective of this project was to first determine if the proposed 
NPCHP experiment is an effective heat transfer device. This was 
done by performing experiments on an initial design and 
comparing the thermal response time to that of a copper rod. The 
thermal response time for the same heat input was significantly 
faster for the NPCHP than a copper rod of equal length and 
diameter. Next, the effects of changing system parameters on the 
overall operation and effectiveness of the heat pipe were 
determined. This was done by creating a computational model of 
the experiment in ANSYS FLUENT. Aspects of the computational 
model were changed to determine the effects of varying 
parameters on the heat transfer performance. These effects were 
verified by replicating the changes in the physical experiment. 
 
Thermal resistance and thermal response time were used to 
compare performance between different configurations in ANSYS 
FLUENT. Thermal resistance is the resistance of a system to the 
flow of heat and is determined by dividing the temperature 
difference between the evaporator and condenser by the heat 
input. The design with the lowest thermal resistance has the best 
performance and the system with the fastest thermal response 
time is the most effective because is takes the least amount of time 
for the system to reach steady state operating conditions. 
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The Interdisciplinary Mechanics Laboratory at the University of 
Connecticut combines imaging, experimental testing, and 
computational modeling across disciplines to understand and 
predict the mechanics of soft tissues, particularly human articular 
cartilage in the knee. In the human knee joint, a one to six mm 
thick layer of dense connective tissue known as articular cartilage 
forms the articulating surfaces which provide low-friction surfaces 
between the relatively rigid bones and distribute contact pressure 
to the underlying bone structure. To meet the in-vivo mechanical 
loading demands, cartilage is a highly specialized, complex tissue 
consisting of a fluid-saturated porous material. The tissue is 
reinforced by a network of viscoelastic type II collagen fibers, a 
load-bearing protein intimately connected to the tissue’s 
mechanical function.  

During disease or medical treatment, the structure and volume of 
cartilage adapt to the changing mechanical environment, 
presenting a grand challenge for cartilage modeling: hence, an 
urgent need to develop computational models capable of 
simulating the evolving properties of cartilage, such as the 
remodeling that occurs during the progression of Osteoarthritis. 
Such a computational model requires a detailed understanding of 
the tissue’s mechanical behavior under a variety of loading 
scenarios closely representing in-vivo conditions. The objectives of 
this study are to (1) digest collagen fibers without proteoglycan 
loss; and (2) measure the shear stress-strain response of collagen-
digested samples; and (3) fit the shear stress-strain data with a 
suitable material model. We hypothesize that the shear stress-
strain response of collagen-digested samples is more 
homogeneous compared to untreated samples. 

We explored several viable options of collagen fiber digestion. 
Histology, a tissue staining process, and second harmonic 
generation imaging confirmed complete digestion. We applied 
maximum shear strains of ±5, ±15, and ±25% to the cartilage 
cuboids (3 mm x 3 mm) and measured the corresponding reaction 
forces in time. Additionally, we imaged the spatial distribution of 
the shear strain using a Digital Image Correlation system. The 
primary objective of this project was to devise a method for 
digesting collagen type II fibers from human articular cartilage and 
characterize the shear stress-strain response. Additionally, we 
generated a baseline dataset using bovine knee cartilage tested at 
±5, ±10, and ±15% shear strain. 
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All practical combustors are operated using turbulent inflows, as 
the turbulence aids the mixing of the fuel and oxidizer directly prior 
to combustion.  The turbulence also has a large effect on flame 
stability.  In addition, emissions regulations have pressured the 
industry to design devices optimized for use with a lean, premixed 
fuel and oxidizer mixture, which also influences flame stability.  
Maintaining the flame in these devices is extremely important to 
their operation, so understanding the blowoff characteristics of 
different fuels will aid in the future design of combustion devices.  
Little work has been done to systematically determine how 
turbulent flow affects flame stability for specific combustor 
configurations.  As a continuation of Prof. Cetegen’s previous work 
involving conical bluff-body flame holders, this project explores the 
near blowoff flame utilizing a rectangular bluff-body flame holder 
over different levels of inflow turbulence intensity, free stream 
velocities and fuels including methane, propane, ethylene and 
prevaporized liquid fuels. 
 
Characterizing blowoff involves several experimental techniques 
such as Particle Image Velocimetry (PIV), Planar Laser Induced 
Fluorescence (PLIF), and Matlab code for post processing.  Before 
studying blowoff, a robust, stably burning flame must be lit.  For the 
purposes of this experiment, this is defined as a flame that is 
anchored at the bluff body plane and has a fully developed velocity 
profile at the burner outlet. To measure the flow profile, particle 
image velocimetry (PIV) is used.  This technique involves adding 
small tracer particles to the fluid.  It is assumed that these particles 
have the same characteristics of the flow itself.  By taking 
hundreds of images of these particles over a small given time 
span, the velocity profile can be resolved.  Once a fully developed 
profile is confirmed, the anchoring of the flame is the next piece of 
interest.  The anchoring of the flame at the bluff body plane must 
be visually verified.  Once these are satisfied, blowoff studies can 
be performed.  The quantity of interest is the blowoff equivalence 
ratio, 𝜙𝜙"#.  The equivalence ratio is defined as the actual mass-
basis ratio of fuel to air in the mixture divided by the stoichiometric 
ratio of fuel to air in the balanced combustion equation.  To 
perform the blowoff experiment, a stable flame was ignited and the 
equivalence ratio was linearly decreased until blowoff occurred.  
Results showed that 𝜙𝜙  increased with increasing turbulence 
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An ultrasonic spray catalyst deposition machine was built 
to improve the repeatability and consistency for fabrication of a 
Membrane Electrode Assemblies (MEAs) used in polymer 
electrolyte membrane (PEM) fuel cells. The purpose of the 
membrane electrode assembly is to separate the hydrogen from 
the oxygen (with the membrane), and to help drive the reduction, 
and oxidation reactions with the help of platinum catalyst 
supported on carbon nanoparticles. The catalyst is deposited onto 
the membrane from an ink solution of isopropanol, water, carbon 
and platinum. The amount of platinum in the catalyst coating is 
called platinum loading, which is crucial to the performance and 
durability of the fuel cell. 

  
The machine uses a 3D printer for the X, Y and Z axis 

computer numerical controls (CNC), allowing for precise controlled 
movement with an accuracy of 0.1 mm. The printer is heavily 
modified. Replacing the plastic extruder, an ultrasonic narrow 
spray atomizer nozzle was used in combination with an ultrasonic 
generator to deposit the catalyst ink onto the membrane. The 
ultrasonic nozzle uses frequency energy to atomize the fluid, 
leading to consistent sized droplets controlled via the supplied 
frequency to the nozzle, through which we controlled the 
deposition pattern and platinum loading. The bed of the 3D printer 
will be removed in order to use a heated porous vacuum plate 
assembly, which will heat and secure the membrane in place 
during the spray process. The fabricated membranes were used in 
a fuel cell and tested for performance and reliability. The results 
will be used to improve the manufacturing process of the catalyst 
coated membrane. This project will continue to master’s thesis 
research focusing on the design of novel fuel cell catalyst and 
structures.  
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The goal of this project was to provide a way to fabricate 
repeatable high-yielding rotating disk electrode (RDE) films and to 
evaluate the durability of the catalysts with titanium oxide and 
without. Electrode films fabricated at ambient conditions, show 
inconsistent results when tested in a controlled environment. 
These tests were also repeated using a temperature-controlled 
chamber that was built to provide a constant temperature 
environment while drying the catalyst ink. This setup provided 
better results compared to films fabricated in an ambient 
temperature environment. The chamber setup yields higher quality 
and consistent films that were uniform across the RDE surface 
area.  
 
The measurements that were taken and evaluated where the 
electrochemical surface area, mass activity, specific activity, and 
durability of the catalysts. The evaluation of these measurements 
provides the needed information to start testing the best 
performing catalyst in a fuel cell environment.  
 
Catalyst including titanium oxide showed improved durability, 
compared to conventional catalyst design in RDE experiments. 
Catalysts where subsequently fabricated into membrane electrode 
assemblies for testing in fuel cell environment. When tested in a 
fuel cell environment, the results showed that catalyst containing 
titanium oxide had greater durability overall. 
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The UConn Structural Optimization Lab researches and 
develops topology optimization methods that take into 
consideration the challenges of manufacturing, cost, geometric 
constraints, and localized failure mode criteria. Their aim is to 
rapidly obtain, during the early concept design stage, drastically 
different designs for different fabrication systems and materials. 

 Currently their methods are difficult to use and visualize 
without substantial knowledge of their optimization code. 
Therefore, in order to improve this and better understand the 
effects of initial designs on topological optimization, a Graphical 
User Interface (GUI) for the lab’s methods has been developed as 
a part of this senior design project. Specifically, this project 
developed an interface for optimizations which employ the 
geometry projection method with linearly elastic bars. 

The GUI developed achieves three main functions within 
the ABAQUS environment. First, it automatically creates a regular 
or random initial design within a STEP file of a design space to 
seed the topology optimization. The team developed original 
methods in Python that take advantage of mathematical models 
such as Delaunay Triangulation in order to achieve this. Second, 
the GUI gathers all the inputs required for the optimization and 
sets-up the optimization problem to then easily launch the lab's 
existing optimization code. The inputs are collected through 
ABAQUS dialog boxes that were customized for this application. 
This means that the input method automatically checks for user 
errors in order to avoid confusion when running the optimization 
later on. Also, it automatically creates standardized input files 
which include detailed explanations of each variable for the 
optimization. Third, the GUI reads the optimization’s output files 
and visualizes the results. The visualization uses clear color codes 
in order to make the variables associated with each bar extremely 
clear. 

In order to finalize and test the topology optimization user 
interface as well as demonstrate the project, an example topology 
optimization was run with the interface and the optimization 
methods developed by UConn’s Structural Optimization Lab. 
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Over the past several decades robotics have successfully 
been integrated into many fields such as manufacturing, 
appliances, and more. Robots have been increasing efficiency 
and precision while decreasing cost. With 3D printing 
technology available to the general public at an affordable 
price, robotics has become even more prominent. Creating a 
robotic arm that can autonomously self-replicate is part of the 
future of robotics. 
 
The primary objective is to design, spec, build and test a 3D 
printed robotic arm, actuated by servos, connected to a 
computational platform and whose motion can be controlled 
via a user interface that could eventually be used to 3D print 
other versions of itself.  
 
The objectives of this project have been established based on 
a central idea: The development of new engineering models, 
representations, algorithms and design semantics to enable 
systematic and efficient design, analysis and manufacturing of 
engineering artifacts. The University of Connecticut 
Computational Design Lab is in need of a robotic arm that can 
test the ideas of self-replication and 3D layerless printing.  
 
This project was completed by first writing the forward and 
inverse kinematics for a 4-degree of freedom robotic arm. 
Subsequently, the robotic arm was designed and modeled in 
NX and simulation including topology optimization was 
assessed using ANSYS. Once the preliminary design was 
complete a design review was conducted to assess vibration 
mitigation, weight, power distribution, and mounting of 
electrical and mechanical components. The robotic arm was 
then modified, printed out of Carbon Fiber and assembled. 
Next, the kinematic code was uploaded to the robotic arm and 
programmed using MATLab. Finally the robotic arm was tested 
and validated. 
 
As this is an accelerated masters project, the goals for the first 
year is to deliver a working robotic arm while second year will 
explore the ideas of self replication. Additionally, the project 
has open-ended goals that are adaptable based upon research 
and data collected. Other ideas that will be tested will include 
putting the robotic arm on a moving platform and creating 
multiple print heads for the end effector.  
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The Combustion Diagnostics Laboratory at the University of 
Connecticut focuses on enhancing the efficiency and eco-
friendliness of various combustion phenomena. The objective of the 
present study was to investigate the feasibility of using laser-induced 
incandescence (LII) as a method of determining soot primary 
particle size in counterflow non-premixed flames. An Nd:YAG laser 
(depicted) provided the 532nm excitation beam needed for LII 
measurements. Three candidate LII methods were investigated, 
namely the Decay-Rate, Wavelength-Ratio, and Gate-Ratio 
methods. While all three methods demonstrated potential, the latter 
two methods were of particular interest, as they could be applied to 
unsteady flames in addition to steady flames. LII signals were 
calibrated using a variety of methods, including a scattering-
extinction technique that produced quantitative particle size 
measurements. Once the feasibility of the three LII techniques was 
determined, the Decay-Rate method was then used to conduct 
particle size measurements in a steady counterflow flame 
(depicted), while the Wavelength-Ratio and Gate-Ratio methods 
were used to measure particle size in a turbulent flame (not 
depicted), although with limited success.  
 
The aforementioned LII counterflow burner experiments were 
coupled with laser-induced fluorescence (LIF), with the ultimate goal 
being to expand the combustion community’s understanding of the 
formation of incipient soot particles, whose diameters are less than 
10nm. Unlike the turbulent flame that was investigated using the 
Wavelength-Ratio and Gate-Ratio methods, which represents a 
more practical combustion flame, the counterflow flame represents 
a purely theoretical flame with no real-world application. However, 
this unique flame configuration is critical to the understanding of soot 
inception and growth as its centerline represents a one-dimensional 
flame. That is, simulations of the centerlines of counterflow flames 
require only modest run times to execute extremely complex 
chemical kinetic models when compared to their two- and three-
dimensional counterparts. 
 
As an Accelerated M.S. student, the research that I conducted for 
Senior Design will continue beyond Demo Day. Namely, I plan on 
expanding the application of my LII particle sizing techniques to 
flame configurations that represent practical real-world combustors. 
Additional work will be dedicated to improving the LII signals from 
the previously discussed turbulent flame, as well as to collecting 
soot particle size (and volume fraction) data from the lab’s Rapid 
Compression Machine (RCM).  
 

	

	

	

	

	
Peter Vannorsdall and Dr. Chih-Jen (Jackie) Sung  
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