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ECONOMIC
IMPACT
STARTS HERE
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.
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Biomedical Engineering

35

Chemical & Biomolecular Engineering

54

Civil Engineering

74

Computer Science & Engineering

101

Electrical and Computer Engineering

127

Environmental Engineering

137

Management & Engineering for Manufacturing

147

Materials Science & Engineering

163

Mechanical Engineering

225

Sponsors

GREETINGS!
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-theart 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.

Greetings and welcome to our Engineering Senior Design
Demonstration Expo!
Perhaps more than any other area of academic study, engineering
is an applied discipline with a commitment to solving real world
challenges. Engineers invent new products and processes that
enhance the quality of life for people around the globe. Our Senior
Design Project allows all of our graduating seniors to demonstrate
their commitment to society by addressing a real-world problem within
their area of expertise.
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.
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 engineering 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
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ADVISORS
Biomedical Engineering
www.bme.uconn.edu
Dr. Krystyna Gielo-Perczak
krystyna.gielo-perczak@uconn.edu
(860) 486-0370

Computer Science & Engineering
www.cse.uconn.edu
Dr. Reda Ammar
reda.ammar@uconn.edu
(860) 486-5285

Chemical and Biomolecular Engineering
www.cbe.engr.uconn.edu
Dr. Doug Cooper
doug.cooper@uconn.edu
(860) 486-4020

Electrical and Computer Engineering
www.ee.uconn.edu
Dr. John Chandy
john.chandy@uconn.edu
(860) 486-5047

Civil Engineering
cee.engr.uconn.edu
Dr. Howard Epstein, Coordinator
howard.epstein@uconn.edu
(860) 486-5638
or
Dr. Amvrossios Bagtzoglou, Department Head
amvrossios.bagtzoglou@uconn.edu
(860) 486-4017

Environmental Engineering
www.engr.uconn.edu/environ
Dr. Maria Chrysochoou, Director
maria.chrysochoou@uconn.edu
(860) 486-3594
or
Dr. Timothy Vadas, Coordinator
timothy.vadas@uconn.edu
(860) 486-5552
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Management & Engineering
for Manufacturing
www.mem.uconn.edu
Dr. Diane Van Scoter
diane.van_scoter@uconn.edu
(860) 486-0415
Materials Science & Engineering
www.mse.engr.uconn.edu
Dr. Rainer Hebert
rainer.hebert@uconn.edu
(860) 486-3155
Mechanical Engineering
www.engr.uconn.edu/me
Dr. Vito Moreno
vito.moreno@uconn.edu
(860) 486-5342
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Team 1: Drug Pipeline Analysis
Software System
Sponsored by: Metrum Research Group
Sponsor Advisor: Kevin Brown
Group 1 : From right to left: Andrew Hederman, Priyal
Bhargava, Siddhardha Moparthi and Fatir Qureshi

The software system will be created largely using the Python programming language to parse web pages. In
addition, the R programming language will be used to store and display the final output. The software system
will be developed using the Agile development method, and the design procedure will adhere to FDA
documentation guidelines. Unlike other available tools on the market, which rely on externally compiled
databases and have cost prohibitive subscription fees, the software system which this project seeks to design
will be entirely locally housed and offer a comparable service.
Ultimately, the comprehensive software system proposed in this report will be able to deliver the client the
appropriate results. Specific implications of this software are that it will allow Metrum the ability to provide its
clients with the most updated pharmaceutical clinical trial data available without having to invest in a commercial
database license or invest man-hours into manually inputting information from each website.
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The purpose of this project is to develop a software system that is capable of extracting key drug development
pipeline information from different pharmaceutical websites. Subsequently, the software needs to be capable of
formatting and storing the extracted information as easily understood deliverables. The primary motivation for a
software system that could perform these tasks was to meet the needs of the client, Metrum Research Group.
The developed software system will be used to assist Metrum’s current client list, and can pursue companies of
interest that can benefit from biomedical modeling and simulation capabilities. Furthermore, the Metrum
Research Group will be able to provide better consultation to its pharmaceutical clients in understanding the
most updated developments in the field of pharmaceutical research. Consequently, they may be able to
facilitate interactions between companies researching similar compounds or techniques.

Team #2: PReventing NeOnatal
Team
#2: PReventing
NeOnatal
MOrtality
using TEchnologyMOrtality
TEchnologyassisted using
Kangaroo
Mother Care
assisted
Kangaroo
(PROMOTE
KMC) Mother Care
(PROMOTE
KMC)of Massachusetts
Sponsored by: University
Medical School
Sponsored
by: University of Massachusetts
Sponsor
Advisor: Mr. Apurv Soni
Medical
School
Sponsor Advisor: Mr. Apurv Soni

Team 2: Katelyn Houlihan, Sarah
McGee, Courtney Mulry, Celine Agnes,
Team
2: Katelyn
Houlihan,
Sarah
Cailah
Carroll, Rosalie
Bordett
McGee, Courtney Mulry, Celine Agnes,
Cailah Carroll, Rosalie Bordett

increasing the frequency of its use in comparison to other more rigorous techniques.
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Kangaroo Mother Care (KMC) is a method of care which involves placing a preterm infant on the chest of a
care provider
(typically
the mother)
to engage
in skin-to-skin
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Team 3: Silent Speech
Recognition
Sponsored by: Naval Medical Submarine
Research Laboratory
Sponsor Advisor: Michael Qin and Ki Chon
Matthew Pias, Meghan Goode, Daniel Evans
Not Pictured: Xiang Ye

Use of speech articulation muscle electromyographic signals in speech recognition has been proven to be
effective in a number of cases using various signal classification and processing techniques. The division of
the system into a signal acquisition stage, followed by a feature selection and classification stage was inspired
by previous attempts at producing a working silent speech recognition model. Development centered around
the recognition of a corpus of English phonemes, and significant challenges were met when distinguishing
select features of each phoneme. The result was the adaptation of signal processing methods used in both
speech recognition models and other applications to render accurate classification.
An acquisition method targeting EMG signals produced by phonation and articulation muscular activation
during phonemic production was implemented using Ag-AgCl surface electrodes. Digital conversion and
filtering of the resulting signals was followed by resolving Mel frequency cepstral coefficients and power
spectrum density mapping. Subsequently, classification methods including vectorization of principal coefficient
components and comparison of spectral densities were matched with a known library of phonemes. This was
then compared with spoken inputs to net a classified output in the form of predicted spoken phoneme. Future
work can be done to optimize the physical packaging and components of the system and increase reliability by
refining the arrangement of electrodes, thereby enhancing usability.
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Verbal communication between firefighters over digital radio is heavily hindered by competing “fireground”
background noise, inhibiting the effective use of microphone-based radio communication. The principal
objective of this project was to circumvent this problem by designing a system capable of correlating EMG
signals of speech articulator activation with corresponding spoken words that can then be sent to a receiving
user, creating a communication system foregoing the use of acoustics.

Team 4: Next Generation
Osteochondral Graft
Sponsored by: University of Connecticut
Health Center
Sponsor Advisor: Dr. Syam Nukavarapu
*Set as Arial italic, 12pt, gray color as shown

From left to right: Erica Illescas, Lorenzo Maltes,
Victoria Spencer

We aim to accomplish a similar result with the construction of our mold by designating specific regions within
the scaffold to be capable of fostering the growth of new cartilaginous and osseous cells as well as producing
an interface located between the two. This interface will be equipped with a variable porosity as a means of
blocking vascularizing cells from penetrating into the cartilage zone from the bone region. The main theory
driving this entire design is the idea that if one can successfully control the pore space size within the interface
area, one can prevent angiogenesis from passing into the cartilage cavity. While blood vessels are essential
for the passage of nutrients and regulatory factors as well as the removal of metabolic waste products within
bone tissue when blood vessels invade cartilaginous tissue regions, they force the cartilage cells present to
undergo apoptosis, thus forcing their matrix to harden and mineralize into a calcified mass, essentially killing
the chondrocyte. In order for cartilage to maintain its characteristics of being a smooth and flexible medium, it
is integral that these cells are not exposed to blood which will effectively solidify and mineralize their
composition, rendering them useless in providing a smooth articulating surface at joints or in permitting the
absorption of the forces associated with daily loading like walking or running.
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This project proposes the creation of an osteochondral graft that is defined by its ability to represent the
osseous, interfacial, and cartilaginous zones present at articulations and that can experience deterioration
upon the occurrence of osteochondral trauma. The objective of this mold device to operate as a means of
generating a tri-phasic scaffold that can replicate and regenerate tissue located in defect areas present within
articular junctions created as a result of an incurred trauma or disease. This osteochondral region can be
divided into cancellous and subchondral bone regions, followed by a calcified cartilage layer located within the
interfacial region, and finally a cartilaginous area topped with articular cartilage cells. In-vivo, this calcified
region acts as a wall in order to block the vascularization present within bone from passing into the cartilage
zone.

Team #5: Scanning Kit for
Digital Pathology Platform
Sponsored by: University of Connecticut
Sponsor Advisor: Guoan Zheng
Team 5 Group Members from left to right: Molly Hill,
Brooke Tornifoglio, Megan Calabrese, and Alicia
Cascella

The motor was tested at varying steps to see the rotational motion in correspondence with distance. It was found
that approximately 20 steps corresponded to a full rotation circumferentially. Using this, it was determined that
20 steps involved movement of approximately 0.3 centimeters, or 3 millimeters per full rotation. Continuing
calculations - this leads us to believe one step of the DVD drive stepper motor is approximately 0.15 mm. Once
this was realized, it was repeated multiple times for the full length of the threaded rod to look at the consistency
and analyze the error. Moving forward, more testing will be done using AmScope programming to ensure for
more accuracy with stepper motor movements. Thorough debugging will be done with both Arduino and MatLab
programs written to properly move the slide.
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This project seeks to solve the mechanical scanning aspect of Whole Slide Imaging (WSI). The goal was to
design and build a universal platform that, in conjunction with previously coded imaging software, will make WSI
a viable and useful tool in labs. The specific design utilizes step motors harvested from DVD drives which are
then controlled via Arduino to make precise stepping movements to scan the pathology slide. The platform is
designed in a way to ensure the proximity of the slide to the light source located under the stage of the
microscope. Ideally, the slide should be no more than 5 mm from the light source - and this design achieves
that. By machining a large window in the platform and creating a mechanism to hold the slide recessed within
the window, an optimal imaging environment is created. The scanning kit was carefully designed with price in
mind as to make it affordable for labs interested in using Whole Slide Imaging. This project aimed to make WSI
user friendly and feasible for integration into labs.

Team #6: Retinal Image
Acquisition and Processing
Using Smartphone Technology
Sponsored by: UCONN Engineering
Sponsor Advisor: Dr. Guoan Zheng
Indumathi Dhakshinamurthy, Sang Kim, Laura
Murphy, Ankur Shah, Bryana Spencer

The overall experimental design includes coding the software on an Android platform and constructing hardware
to include an additional lens with a rim of LEDs encapsulated by a 3D printed chassis that will steady the user’s
phone. With sufficient lighting, optimal focal lengths and correct radiation calculations, an image of the retina
can be captured without causing further damage. Adequate lighting is necessary to illuminate the retina, however
too much lighting can cause the pupil to constrict. Focal lengths were considered to optimize the image quality
to capture an in-focus image. It is crucial that the product is not misunderstood as a diagnostic tool, but rather
should be viewed as an aid in early detection of retinal diseases that may influence patients to seek professional
medical attention for accurate diagnosis. Misleading patients into thinking the product performs diagnostics is a
liability, and the product should provide a clear statement that instructs patients to seek medical attention if they
think they may have a medical condition.
It is anticipated that patients use the application so they can proactively check the health of their retinas, without
having to wait for their yearly ophthalmologist appointment. The application analyzes the patient’s retinal image
to a baseline one, and notes any significant changes in the health of the retina. The smartphone application will
be placed on the Google Play store upon its completion.
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Currently, eye examinations are conducted on an annual basis. It is only through these types of inspections that
diseases such as glaucoma, diabetic retinopathy, and macular degeneration, can be diagnosed. Once an
individual notices detrimental changes in their eyesight, the damage accumulated on their retina is irreversible.
For this reason, early detection of possible symptoms is crucial to begin premature treatment plans that can
prevent any further malignancies. Since the retina sits in the posterior of the eye, it cannot be viewed by the
naked eye. In order to address this issue, the group constructed an easy-to-use device and user interface that
can capture the image of a retina and perform image analysis to determine whether any symptoms of retinal
diseases are present.

Team # 7: LactaBib:
Noninvasive milk intake monitor
Sponsored by: Nursing Department,
University of Connecticut
Sponsor Advisor: Anna Bourgault and Dr. Insoo Kim
*Set as Arial italic, 12pt, gray color as shown

The main components of this device will be an infrared LED and a sensor which will be
embedded in a bib/blanket placed over the baby’s stomach for optimal data gathering. The
infrared light and sensor is used to quantify the volume of milk in the stomach by measuring
the changes in intensity of infrared light which is related to the constant of reflectance in which
there is an increase in light absorbed by the milk with increase in quantity. The sensor ,
combined with Arduino software, will use infrared detection and light intensity to relate the
volume of milk consumed. Based on the notion that light intensity is directly proportional to
concentration, this can be translated to volume. As light intensity detected from the sensor
decreases, concentration would decrease, signifying an increase in milk volume in the infant’s
stomach. Initial testing and results show a logarithmic relation between the ratio of intensity
and volume of milk wherein amount of milk in the stomach at a given time can be derived from
the ratio of intensity.
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Many mothers anticipate the natural process of breastfeeding to be easy; and mothers easily
become discouraged when they have issues with the latch, holding the baby, and forming the
connection, therefore leading them to switch to bottle feeding. These problems are a result
from a lack of emphasis of practice and education by healthcare providers. Studies have
shown that there is a correlation between breastfeeding and the preventive measure it poses
for infectious diseases. There is a substantial increase in hospitalization for infants that were
formula fed, instead of infants that were breast-fed for respiratory tract infections. The goal of
our product is to promote breastfeeding in new mothers. Our device serves to provide instant
confirmation that an infant breastfeeding is receiving the proper proportion of breast milk for
ideal growth. The proper amount of breast milk is dependent upon the infant’s height, weight,
sex and age. An alarm system will notify the mother and potentially the baby’s doctor if the
baby is receiving the proper amount of nutrients to grow at a healthy and natural rate. The
device will ideally be for babies born premature, with complications, or in locations with limited
resources.

Team #8: Baby Saving Bed
Sponsored by: UCONN School of Nursing &
UCONN School of Engineering
Sponsor Advisors: Dr. Insoo Kim, Dr. Patrick
Kumavor, Dr. Christine Meehan, and Dr. Anna
Bourgault

Top Row Engineers from left to right: Ryan Benante, Nicholas Farrell, Derek Dodge,
Sebastian Velez.
Bottom Row Nurses from left to right: Olivia Briggs, Anna Mainelli, Courtney Lester,
Lexi Simon, Alma Sabovic.

To detect for SIDS, this mattress is embedded with piezoelectric sensors to detect the baby’s breathing pattern.
Slight movements from breathing will induce slight deformations in the piezoelectric material which will create
small voltage changes detected by an Arduino microcontroller. After signal processing and filtering, a sliding
window peak detection algorithm can be used to calculate real time Breaths Per Minute. If the Arduino detects
a stop in breathing for 15 seconds, the alarm will be triggered. This alarm will alert the parents via the parent
monitor and wake the baby via vibrating buzzers embedded in the mattress. According to a study done by UCLA,
these vibrations will stimulate the baby’s vitals to wake up or move its position to prevent suffocation. Sleeping
position detection is done with a tilt sensor embedded in a wearable onesie. Pulse oximeters embedded in the
feet of the onesie will record heart rate with a similar peak detection algorithm to ensure that the baby’s heart
rate is safe through the night. Alarms will trigger if heart rate stops and/or a dangerous sleeping position is
detected. Bluetooth communication will link the microcontrollers on the onesie and mattress. This system is
designed with the mattress being the base unit and the onesie being an optional secondary unit to be used in
partnership with the mattress for more accurate SIDS detection and prevention.

Figure 1: Pie chart breakdown of sudden
unexplained infant deaths by cause in 2014
[2]

Figure 2: Piezoelectric film embedded in
the mattress sensing the infant’s breathing
[3]
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Figure 3: 15 second sliding
window peak detection algorithm
with 2 peaks in 15 seconds (8 bpm)
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Sudden Infant Death Syndrome (SIDS) is the unexplained death of a newly born child less than one year of age.
Each year in the United States, there are about 3,500 Sudden Unexplained Infant Deaths (SUID). When
allocating Figure 1, 44% or about 1,500 infants died of SIDS in 2014, 25% were related to accidental suffocation
and strangulation in bed, while the remaining 31% were due to unknown causes. Due to being a difficult disease
to detect in a timely manner, unnecessary anxiety is placed on parents worrying about their baby unexpectedly
dying of SIDS in the middle of the night. With our constructed “Baby Saving Bed” design, parents can sleep
soundly knowing that their baby will be continuously monitored by a state of the art detection system.

Team 9: Bio-inspired
Navigation Device to Aid the
Visually-Impaired
Sponsored by: University of Connecticut,
Department of Biomedical Engineering
Sponsor Advisor: Dr. Patrick Kumavor

From left to right: Nicolas Gianelli, Daniel Bibisi,
Amanda Lor, Jessica Wallace, and Chris Jones

Presently, white canes and trained seeing eye dogs are commonly used as navigational aids for the visually
impaired. Although these are popular options amongst the community, they have limitations. A cane requires
the user to constantly use one hand, while a seeing eye dog can be costly (e.g., training fees, maintenance fees,
etc.). In fact, 185 million visually-impaired individuals are of the ages 50 years and older. Of those living with
diminished vision acuity, about 90% of this number live in low-income areas. Based on the number of visuallyimpaired users, the targeted market would benefit from a low cost, hands free device that allows individuals to
complete daily tasks with greater ease. Independence and safety of those living with impaired vision can be
improved by removing the need for a hand-held canes or assistive dog guides. To substitute present-day aids,
an ideal wearable device must be seamlessly incorporated into the user’s lifestyle, which was the primary reason
to model the device after a common accessory worn by the visually impaired. Additionally, using the eyeglass
frames to house ultrasonic transducers allows the device to better replicate the field of vision for the user, since
the device will scan for obstacles in the direction the user is facing. These benefits emphasize the device’s
novelty and practicality for the visually impaired community.
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Visual impairment affects more than 285 million people worldwide, reducing the quality of life by interfering with
an individual’s ability to perform daily activities. As a solution, we present a design of a bio-inspired navigation
device for the visually impaired. The design is built upon the principles of ultrasonic echolocation, and will
improve the mobile capabilities of low vision or blind users. This hands free, navigational aid is a device that is
worn over the eyes, and consists of two components: eyeglass frames, and a wearable pouch. Embedded into
the frames are numerous ultrasonic transducers, which are surrounded by parabolic reflectors to collimate the
transmitted beams of ultrasonic waves. The ultrasonic signals that encounter an object will reflect back towards
the user, and the received signal delay time is used to approximate the distance of the object. These signals are
processed by an Arduino microcontroller and are converted into mechanical vibrations. The pouch, which is
worn around the waist/lower back, contains the battery, microprocessor, and vibrating motor array. The vibrating
motor array produces tactile cues that notify users of where an object is positioned in front of them, based on
the location of the vibrations on their lower back. The distance between the user and object is relayed through
vibrational frequency and intensity.

Team 10: Navigation device
for the visually impaired
Sponsored by: University of Connecticut,
Department of Biomedical Engineering
Sponsor Advisor: Dr. Patrick Kumavor
*Set as Arial italic, 12pt, gray color as shown

From left to right: Cameron Flower, Adam Boura,
Randall Borruso

This sonar detection device employs ultrasonic transducers to detect objects in the surrounding area. These
transducers emit a cone of sonic pulses in one direction. The pulses are reflected off of objects in the user’s
environment and received by the transducers. Each transducer can report the time a particular pulse took to
reach an object or obstacle, which can be converted to distance using the speed of sound. This allows each
individual transducer to detect objects in a specific slice of space. When multiple transducers work together,
they can triangulate the precise positions of objects in their field of view. The input distance data is processed
by a microcontroller, which is programmed to output vibrational patterns to a grid of actuators worn around the
user’s abdomen. The actuators will vibrate to alert the user of the surroundings. This allows the microcontroller
to designate each column of the grid of actuators to a specific transducer. The vibration intensity of the actuators
is dependent on how close the object is to the user; the intensity increases as the user gets closer to the object.
An experiment using a peg board with holes at predetermined distances was performed. The device is expected
to detect the location of each peg, and activate its respective actuator with the correct vibration intensity
corresponding to the peg’s distance. Following the peg board experiment, the device can be tested on a
blindfolded human subject in a navigational course.

13

BIOMEDICAL ENGINEERING

Blindness and other forms of visual impairment impact approximately 285 million people worldwide, with about
90% of these people living in low-income settings across the globe. These individuals are left with expensive or
otherwise overly simple solutions including Seeing Eye dogs, canes, and GPS-based devices. In nature, blind
animals such as bats use the phenomenon of echolocation to navigate their surroundings. This is done by
emitting ultrasonic pulses, which these animals interpret based on the reflective patterns of the pulses. This
principle serves as the inspiration for the proposed solution. This project aims to create a navigation device that
can serve as a low-cost, efficient, and reliable aid for the visually impaired to serve as an alternative to the
current market solutions.

Team 11: Vision Assistive
Communication Device for
Patients with Motor Impairment
Sponsored by: UConn School of Engineering
Sponsor Advisor: Dr. Patrick Kumavor
From left to right:
Jeremiah Merkel, Daniel Yasoshima,
Jilliana Zarzycki, and Thomas Cotton

This project aims to design a communication device that addresses the issues involved in therapy for patients
with limited range motion and communication limitations. These health conditions can include but are not
limited to those patients experiencing paralysis, spinal cord injuries, stroke, ALS, as well as an array of other
related debilitating and lasting injuries. With these conditions in mind, an augmentative patient bedside
communication device provides unprecedented, cutting-edge technology to address limitations in today’s
system. More specifically, the device will be in the form of a monitor and system that allows patients to
effectively communicate with doctors and family members via a user interface. The device under investigation
involves a program that allows the patient to control a mouse pointer on a computer by moving their head.
The vision assistive patient bedside model proposed makes important differences for individuals suffering from
a spectrum of movement and communication impairments. Not only does it facilitate successful
communication between the patient and his or her caretaker, but it also ensures the safety of the patient’s food
and water supplies, improves overall quality of life, promotes independence, and offers a more effective option
that combat the current limitations in patient therapy. Health systems that have historically been focused on
the treatment of disease are poised to benefit substantially from advances in biomedical engineering, and the
motivation behind this project stimulate more accurate monitoring, and healthy communication assistance as
an efficacious step to individual health improvements. Most importantly, this treatment foments innovative,
lasting solutions while supporting patient independence, adding to the overall quality of life.
Font is Arial, 10pt, black, please limit to 375 words.

The Camera Mouse software allow
patients to control a computer
mouse with head movements.

This is the main program that allows patients to select a category,
and have a message sent out to a mobile phone to a
corresponding caretaker, such as a nurse, or a family member.
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Vision assistive tools offer innovative improvements to current biomedical healthcare applications. Motion
impairment due to injury or similar disease or medical condition is becoming increasingly prevalent and
presents an increasingly problematic issue. Despite the alarming need for advanced technology to combat
these limitations, many healthcare solutions fall short of a comprehensive therapy approach. For these
reasons, this project aims to produce an integrated, user-friendly vision assistive system that offers cuttingedge solutions through software app development.

Team 12: Augmentative and
Assistive
Patient Bedside
Team 12: Augmentative
and
Communication
Assistive PatientDevice
Bedside
Communication
Sponsored by: University ofDevice
Connecticut,
Department of Biomedical Engineering
Sponsored
by: University
of Connecticut,
Sponsor Advisor:
Dr. Patrick
Kumavor
Department of Biomedical Engineering
Sponsor Advisor: Dr. Patrick Kumavor

From left to right on top: Kayla Crook, Aidan
Baranow, Mikayla Alexander
From left to right on bottom: Alyssa Wilczynski,
From left to right on top: Kayla Crook, Aidan
Daniel Hong
Baranow, Mikayla Alexander
From left to right on bottom: Alyssa Wilczynski,
Daniel Hong
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Team 13: The Posterior Root
Repair of the Medial Meniscus
Sponsored by: Johnson & Johnson DePuy Mitek
Sponsor Advisor: Dr. Krystyna Gielo-Perczak

From left to right: Dr. Krystyna Gielo-Perczak,
Luke Mattar, Mallory Pille, Nick Pacheco, Pat
Malloy, and Ian Mills

In order to develop a kit, current DePuy Mitek devices will be incorporated and improved upon. The toolkit will
be comprised of a tibial drill guide to assist the surgeon when drilling a transtibial tunnel, and a cannula to
allow the surgeon to retain access of the transtibial tunnel. Also, a cortical button and sutures will be included
to fasten the meniscal root to the tibial surface. In addition, an ExpresSew suture passer will be used to pass
suture through the meniscus. For suture movement, an access suture device will carry suture to the knee joint
through the transtibial tunnel, and then will be removed through the anteromedial portal. The sutures passed
through the meniscus will then be tied to the access suture outside of the knee, pulled back through the
anteriomedial portal and tied with the cortical button. This toolkit is unique to others in that it makes the
transtibial portal more easily accessible with the use of the cannula. Additionally, using the ANSYS Workbench
finite element analysis feature, the team analyzed the effects of varying tunnel diameters on the stresses seen
in the tibial plateau under loading.

Repair Construct

Depuy-Mitek ExpresSew
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ANSYS Analysis
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The posterior root of the meniscus is part of the posterior meniscal horn and attaches near the posterior
cruciate ligament insertion on the tibia. When this root detaches, the point load on the knee joint is greatly
increased. This occurs because the posterior root acts as a force distributor; force is transferred from the root
and radially distributed through the menisci. If the root is torn, this function is hindered, resulting in a loss of
cushioning between the femur and tibia. This can cause tremendous pain and potential development of
osteoarthritis. Thus, Johnson and Johnson is seeking a medical device kit and technique to repair the posterior
root.

Team #14: Augmented Reality
for Gait Rehabilitation of
Amputee and Stroke Patients
Sponsored by: Providence VA Medical Center
Sponsor Advisor: Dr. Krystyna Gielo-Perczak
and Dr. Susan D’Andrea

From left to right: Craig Mills, Garni Aroyan, Sophie
Nothnagle, Eric Ravinal

Users of this device will complete an interactive holographic obstacle course that is overlaid on top of the real
world, which is seen through the Microsoft HoloLens. Varying levels of difficulty of the obstacle courses and
the objects within, as well as personalized components of the obstacle course, which will be decided at the
discretion of the clinician involved in the rehabilitation process, are unique components to this device. In order
to quantify, record and compare how the patient is progressing throughout the rehabilitation process, at the
completion of the obstacle course, the user will receive a performance assessment score based on how well
he or she completed the course. This device streamlines inertial sensors and the Microsoft HoloLens to result
in a dynamic feedback system for the user throughout the course and rehabilitation process.
The immersive and interactive environment provided by the HoloLens helps mitigate the repetitiveness and
boredom that is often associated with traditional methods of gait rehabilitation. The use of augmented reality
creates an exciting and engaging environment for the user in order to keep interest levels peaked, and thus
effectiveness of the rehabilitation process high. This device shows promise for use in clinical environments.
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Walking, mobility, balance and the ability to stand and move independently and confidently are often
compromised in stroke patients and leg amputee patients. In the United States alone, each year, there are an
estimated 185,000 new patients with amputations in the lower extremities and another 795,000 people who
have been affected by a stroke. It is critical to help patients regain their balance and strength through gait
rehabilitation programs in order to help them regain normalcy and independence as quickly and efficiently as
possible. In this report, a device utilizing Augmented Reality is introduced and discussed as a method for an
effective and modular method for gait rehabilitation in lower limb amputee patients or patients recovering from
a debilitating stroke.

Team 15: Robotic
Rehabilitation Ankle Device

Sponsored by: University of Connecticut,
Biomedical and Electrical Engineering
Departments
Sponsor Advisor: Dr. Krystyna Gielo-Perczak
and Dr. Shalabh Gupta

Top Row BME Students: Lisa Deconti, Ashley Vanaman, Andrew
Cohen, Kristen Campbell, and Sarah Vetrano
Bottom Row ECE Students: Hannah Strickland, Edward Sango,
Blerand Qeriqi, and Bilal Khan

Ankle malfunction can result from a variety of circumstances including injury, disease, and muscle damage.
The results of these conditions can leave the ankle compromised, ranging from slight instability to complete
lack of function. People experiencing these issues can have extreme difficulty in getting from the sitting position
to the standing position. Additionally, natural gait can be negatively affected by ankle damage, making walking
difficult and painful. Currently there are no marketed ankle exoskeleton products that actively assist the patient
from the sit to stand position as well as during gait.
This project’s product addresses both the sit to stand and natural gait issues present in compromised ankles.
The wearable exoskeleton provides assistance with both plantarflexion and dorsiflexion, as well as increases
stability at the ankle joint. The device utilizes actuators as well as an artificial muscle intended to stimulate
plantarflexion and/or dorsiflexion. The actuators are involved in both processes, while the artificial muscle only
provides support during plantarflexion. The artificial muscle is contracted/relaxed by a two way DC pump.
Plantarflexion and dorsiflexion are the essential motions at the ankle during sit to stand and natural gait.
Plantarflexion is the action necessary to push off of the ground and propel oneself forward while dorsiflexion is
the action of pulling the toes up during gait. Therefore, plantarflexion is essential when moving from the sit to
stand position, as it provides a portion of the force needed to stand. The exoskeleton also has a pressure
sensor located in the sole intended to signal the device as to when the wearer is beginning the stand motion or
at which phase in the gait cycle the wearer is. This allows the device to be smoothly integrated into the natural
gait cycle of the patient. The Arduino microcontroller is used to control the timing and force output of the device.
A 12 V power supply is worn at the waist to reduce weight at the ankle. The device is intended to function in
both indoor and outdoor conditions and is designed to withstand inclement weather as well as ranging
temperatures. The device adheres to the standards of the American Society for Testing Materials (ASTM), the
International Electrotechnical Commission (IEC), and the Food and Drug Administration (FDA).

Figure 1: Model design of the
brace to be 3D printed.

Figure 2: Anybody software diagram
of human sit-to-stand motion.
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Figure 3: Graph of the force output from
moving from sit-to-stand and back down to sit.

Team 16: Cloud MicroManipulator for 3D Tissue
Analysis
Sponsored by: Hoshino Laboratory, UConn
Department of Biomedical Engineering
Sponsor Advisor: Kazunori Hoshino

From left to right: Geena Denny, Kaitlin Aldridge, John
Peters, Alex Oppel

Previous senior design groups have developed the incubator and regulation system as well as a website that
streams a 2D image of the cells to a website through an Apache web server installed on a Raspberry Pi. They
also built the micromanipulation device. This year, this senior design group was given a budget of $1000 to
further enhance the project through the addition of 3D imaging and the development of a user interface to
control the micromanipulator. To accomplish this task, the team also had to resize the incubator, design a
microscope holder, and revamp the website for the 3D viewing of the cells.
For the optimal design, the team decided to use stereoscopic vision and Google Cardboard lenses to generate
the 3D image of the cells. Stereoscopic vision was achieved by using two digital microscopes that took a “left
view” and “right view” image of the cells. These images were streamed to a website, which was displayed
through a cell phone web browser. When the images are observed through the Google Cardboard lenses,
they appear as a single 3D image. For the user interface, the team decided to use Leap Motion Technology,
which is a motion controller capable of detecting fine motor movements and gestures as well as general hand
position tracking. This data was used to control the position of the micromanipulator by sending commands to
the Arduino motors. This makes user interaction with the micromanipulator and cells smoother and more
precise. Additionally, the incubator was recreated so that it is large enough to contain all the necessary
components, including the microscope holder, environment regulation elements, and the micromanipulator.

Figure 1: Old Setup1

Figure 2: New Incubator Design
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Figure 3: Leap Motion2
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The Hoshino Laboratory, located at the University of Connecticut, has been working on a project called the
Cloud Micromanipulator for 3D Tissue Analysis. The project is focused on developing an incubation system
that will maintain cell life through carbon dioxide and temperature regulation. Cell incubation is important for
any experiment as it simulates an in vivo environment and provides more realistic data than an in vitro study
would. The project will also provide analysis of the cells through micromanipulation and 3D imaging.

Team 17: Hydrogel Design to
Improve Durability of
Regenerated Cartilage Tissue
Sponsored by: University of Connecticut,
Department of Biomedical Engineering
Sponsor Advisor: Wendy S. Vanden Berg-Foels

From left to right: Thomas Catricala, Shannon
Maher, Rebeca Eller, Konner Kohl

The repair of cartilaginous lesions within articulating joints is still unresolved and a difficult challenge to
undertake. Most approaches have been misguided by the belief that the formation of hyaline cartilage is
sufficient for the repair of cartilage tissue. In order to be durable and functionally competent, the regenerated
cartilage must be mature. These adult-like properties are critical for its mechanical success. This report
attempts to tackle the biological stumbling blocks of fibrillogenesis and chondrogenesis in order to devise a
cell-based hydrogel design that will improve the quality and durability of the repaired cartilage and prove itself
advantageous over the natural repair response.
The chosen approach is one involving cellular components, growth factors, and a scaffold. It was determined
that the most effective construct would be a hyaluronic acid (HA) scaffold, seeded with human mesenchymal
stem cells, TGF-β1 growth factor, and fibronectin. It is hypothesized that, due to its positive attributes in
chondrogenesis and collagen matrix organization, fibronectin will not only help initiate the production of the
proper extracellular matrix but accelerate it as well. Two different concentrations will be evaluated, 10 μg/ml
and 50 μg/ml, against a control of 0 μg/ml. The different samples will be evaluated through the use of various
characterization assays: live/dead, alamarBlue, immunostaining, safranin-O and real-time qPCR. These
techniques will provide data pertaining to validity of each spheroid batch. Once completed, a thorough analysis
of the resulting cartilage will be done through the use of optomechanical tweezers. This test while help identify
and characterize the degree to which fibrillogenesis has occurred at several intermediate stages and once the
culture has been fully matured. The present study hypothesizes that there is a direct relationship between the
amount of fibronectin in the hydrogel construct, the speed at which the extracellular matrix is formed, and the
mechanical properties of the produced neocartilage. Various characterization assays will provide proof of
correct gene expressions and sufficient proliferation, both characteristic of more mature hyaline cartilage.
Further mechanical testing will determine the neocartilage’s strength and durability.
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Team 18: Advanced
Electrospinning Apparatus for
Fabrication of Novel
Biomaterial Fibers
Sponsored by: UCONN Health
Sponsor Advisor: Dr. Sangamesh Kumbar
From left to right, Aura Penolosa, Anurag Ojha,
Chris Mancuso

During the harvesting process, many external factors must be controlled in order to achieve consistent fiber
alignment. One of the main goals of this project is to address this issue and try to find ways to make replicable
fibers. The ability to replicate fibers is crucial to research because it decreases the number of undesired variables
in experimentation and allows for clarity on whether the variables of interest are effective or not. The ability to
replicate fibers creates more accurate and meaningful data as well as the ability to fabricate fibers with a
controlled degree of alignment.
In addition to parameters mentioned before, there are other variables that affect the characteristics of the fiber
such as humidity, temperature, voltage input, distance from charge plate, and force applied to the distal end of
the syringe. In order to give the client control over there variables, several components were incorporated into
the design of the electrospinning machine. First, the device features a support frame that eliminates external
stimuli such as electric potential and electromotive forces (EMF), and allows control of the environment inside
the box. Then, it incorporates a syringe pump that gives the option of changing the speed at which the material
is being fed and a power supply to change the voltage input. Finally, the device features innovative collector
plates designed to obtain better fiber alignment. This was done with a modular design with which the client will
be able to interchange collector plates and control their distance to the syringe.
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Electrospinning is a technique used to create nanoscale fibers. An electric differential is used to charge a
polymeric thread and attract it to a grounded plate, resulting in a scaffold with nanoscale topographical features.
There are many variables involved in electrospinning. These parameters include the viscosity and concentration
of the polymer solution, the voltage applied, and the speed and size of the grounded plates collecting the fibers,
as well as the geometry of the collector plates.

Team 19: MagLev for Point-ofTeamSeparation
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Dr. Savas
Tasoglu
Sponsor Advisor: Dr. Savas Tasoglu
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Figure 1. Schematic of device workflow.
Figure 1. Schematic of device workflow.

Figure 2. Representative photo of sizebased separation in second magnetic field.
Figure 2. Representative photo of sizebased separation in second magnetic field.
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Figure 3. Wafer for
microfluidic separator
Figure chip.
3. Wafer for
microfluidic separator
chip.
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Team # 20:
Monitoring System for Sudden
Infant Death Syndrome
Sponsored by: University of Connecticut,
Department of Biomedical Engineering
Sponsor Advisor: Bin Feng Ph.D.
Group 20: Olesea Diaz-Chiosa, Aimee Corcoran,
Lorena Butterfield and Sumaira Zaman

Presently, there is a number of monitoring devices indicated to screen the onset of SIDS. These devices
monitor infant’s vital signs and alarm the adults if there is a disruption in those vital signs. These monitoring
devices quantify vitals through pressure sensors, oximeters and accelerometers. Because monitoring devices
must be inherently accurate and safe, it also means that they are cost-prohibitive and out of the reach of
developing demographics. This creates a need for an inexpensive and effective SIDS monitoring device for
developing countries.
The design objective was to design a low-cost and reliable monitoring device that will detect infant’s breathing
lapse of 20 seconds and ring the alarm. The infants breathe by means of diaphragmatic breathing, which
means their abdominal region expands more than thoracic. Therefore, the design team focused on detecting
the rate of change of abdominal circumference, in order to distinguish inhalation and exhalation. The team
used a resistive knit stretch sensor to quantify linear expansion in terms of change in sensor resistivity. Based
on Ohm’s law, the changes in resistivity were translated into changes in voltage, and used as input for the
microprocessor. The team developed an algorithm using Arduino microprocessor that received input and
compared it to threshold voltage set based on exhalation metrics. For every input voltage below the threshold,
a timer would be triggered. If the input remained below threshold over 20 seconds, the alarm and LED light will
be activated.
The design team aims to optimize the device size, ergonomics and power supply (battery). Future
developments include transmitting signal via Bluetooth and develop an app to enable caretakers to
continuously monitor the infants.

Fig.1: Stretch knit resistive sensor

Fig.2: Belt design
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Fig.3: Block diagram
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Sudden Infant Death Syndrome is unexplained cause of death of infants 0-12 months old. It is also known as a
crib death, as it occurs during sleep, particularly when infants sleep on the abdomen. Annually, in the United
States over 2500 infant deaths are attributed to SIDS. A number of recent research studies revealed that boys
in first trimester of their lives are the most vulnerable to SIDS. Mounting evidence and research on SIDS helps
educate the caretakers, but it still cannot prevent SIDS. The best known way of prevention is to monitor the
sleeping infant for a timely intervention, to provide life-saving procedures should the infant stop breathing.

Team 21: NOVO The
Concussion Protective Football
Helmet
Sponsored by: University of Connecticut
Department of Biomedical Engineering
Sponsor Advisor: Dr. Gielo-Perczak
*Set as Arial italic, 12pt, gray color as shown

From Left to Right: Michael Torres, Stephen
Mierzejewski, Devin Dirik, Peter Satonick, Andrew
McCormick

The goal of this senior design project is to create a football helmet that will help better protect players from
traumatic brain injuries (TBI). To accomplish this goal, the team is not only changing the mechanical structure
of the helmet, but an alert/detection system will be implemented into the helmet. The football helmet that will
be produced from this project will be the first one to implement a system that can detect when the threshold for
a concussion for certain players is surpassed. This will help prevent players from playing while they are
concussed, which can have major short and long term health implications.
For the mechanical structure of the helmet, a multilayer system that consists of a viscous layer, a hard plastic
layer, and a viscoelastic layer will help reduce the force and energy that is being dissipated to the skull and
brain, which will lead to a reduction of concussions and other TBIs. The design of the football helmet has not
changed since the 1980s. The current helmets being used are outdated and inadequately protect the players
currently using them. The players playing football at professional and amateur levels are faster and stronger
than the players 30 years ago. This means that the design of the helmet needs to be altered to help protect
the players from the higher impact hits they are receiving. The combination of our multilayer helmet and the
alert/detection system will help improve the safety of football drastically.
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In amateur and professional football, there is a rising concern with the frequency of players receiving
concussions and other head injuries. Past research has shown that concussions sustained by players during
their playing career can lead to chronic traumatic encephalopathy (CTE), memory loss, and crippling physical
effects. Boston University and the U.S. Department of Veterans Affairs ran research on 165 people who
participated in football at the high school, college, and professional level and “found evidence of CTE in 131 of
them (79 percent)” Of the brains studied, 91 of them belonged to former NFL players, and 87 of the 91 (96
percent) had signs of CTE.”

Team 22: Designing a 3D
Printer Microextruder for Use
with Non-Filament Polymers
Sponsored by: Dr. Yen-Chih Huang
Sponsor Advisor: Dr. Yen-Chih Huang
Team 22: (Left to Right) Kevin Grassie, Olivia
Loisel, Delaina Pedrick, Eleanor Freeland

One of the challenges with applying conventional 3D printing to the fabrication of tissue scaffolds is that
current 3D printers are typically only compatible with rigid polymers in filament form. Many biopolymer
composites are in powder or viscoelastic fluid forms. The goal of this project is to formulate a new design for a
3D printer head to accommodate these non-filament polymers, which are desirable for tissue engineering.
The proposed design is a printer head compatible with the Folger Tech Prusa i3 2020, a common DIY 3D
printer. The design is composed of two main components: the hot end and the cold end. The cold end of the
printer head contains a driving stepper motor and bevel gears that turn an extrusion screw. A basin holds a
reservoir of polymer particles or slurry that is continuously supplied to the printer head during operation. The
cold-to-hot transition includes a cylindrical screw chamber, in which the polymer can be broken down further
and simultaneously pushed down past a heating element. The hot end contains the heating element to liquefy
the polymer, and a standard nozzle head through which the polymer is extruded and deposited onto the
heating bed. The entire printer head design is retrofitted onto the existing printer frame, and has functioned
desirably during testing.
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Tissue engineering applies biological and engineering principles to the development of functional substitutes to
replace damaged tissue. This is in part accomplished through the fabrication of a tissue scaffold: a
biocompatible and biodegradable material used to create a synthetic/natural scaffold to mimic the extracellular
matrix for cells to proliferate and differentiate on. The current fabrication method for tissue scaffolds involves
the creation of a pre-made mold into which a molten or dissolved polymer can be casted. This process is very
time consuming and makes it difficult to fabricate many complicated biomimetic structures. The growing need
to rapidly create prototypes with complex architecture for tissue scaffolds in industry and academia has made
techniques of solid freeform fabrication (SFF) increasingly attractive. 3D printing, a SFF technique, combined
with computer aided engineering, speeds up the process of designing and testing prototypes. 3D printing also
allows for the design of patient-specific tissue scaffolds, a concept which is difficult to put into practice with
mold casting methods.

Team 23: A Diagnostic System
for Automatic Epileptogenic
Zone Localization
Sponsor Advisor: Dr. Sabato Santaniello
From left to right: Adam von Paternos, Paige
Murphy, Shaheer Hassan & Stephen Schmidt

The purpose of this project is to develop an assistive tool to facilitate the localization of the EZ in
patients that suffer from DRE. This tool will assist clinicians in the presurgical evaluation and decrease the
patient monitoring time as well as resources needed for this identification process. The intended outcome of
this project is to create an unsupervised automatic analysis system that can accurately locate the EZ from
iEEG recordings and provide the team of clinicians of the findings remotely. The EZ located by this system will
be displayed as a brain density map to be utilized by the clinicians as an assistive tool to make a sound
decision on what area of the patient’s brain to further investigate during the pre-surgical screening. This
system should be seizure-independent, provide secure encrypted and device independent data, as well as, an
architecture that will be independent of the iEEG acquisition system.
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Patients who suffer from drug resistant epilepsy may be candidates for resective surgery of
epileptogenic zone or where seizures originate. However, the pre surgical screening currently requires several
days of gathering iEEG data for clinical review and identification by hand. For this reason, we are proposing to
automate the epileptogenic localization process through the use of high frequency oscillations as a biomarker
along with a novel ranking index for seizure onset zone (SOZ) identification to assist clinicians with their
presurgical iEEG review. Based off of preliminary data, the detection algorithm identifies and is validated from
reports of patients who have previously undergone resection surgery, the electrode channels within and
around the resected volume have been identified at a prediction time where the amount of data necessary
would significantly decrease the amount of iEEG data, and thus patient recording time needed. The identified
zone from this algorithm will run on a Raspberry Pi hardware and upload results, consisting of the identified
SOZ along with a brain density map, to Amazon Web Services that can then be accessed via a secure web
portal for clinical interpretation. The system will be hands-free, and will run continuously until a conclusion is
made, or the device is manually stopped. The data communication protocol implemented is TCP/IP.

Team 24: Device to shear
cartilage tissue inside a
confocal microscope
Sponsored by: University of Connecticut,
Department of Mechanical Engineering
Sponsor Advisor: Dr. David M. Pierce

Left to right: Taylor Milne, Nicholas
Christoffersen, Jason Vafiades, Phoebe Szarek

*Set as Arial italic, 12pt, gray color as shown

The device will control either the shear displacement or the shear force on the material and measure the
resultant displacements and forces of the tissue. In shear testing, a compressive force on the tissue is also
needed in the direction normal to the shearing direction so the device will also control and measure the forces
and displacements in that direction. All of this data will be able to be translated into stress and strain data
because the size of the tissue sample will also be measured manually during the testing process. The images
of the tissue will be managed by the confocal microscopes and acquired separate from the mechanical data so
there also needs to be some method of relating the data of the two acquisition methods.

OTHER PHOTO GOES HERE
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resolution JPG and placed in THIS
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Blue box is to show you location and
size only. Please delete it once you
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Testing of cartilage and other biological materials at the microscopic scale allows for comprehensive,
constitutive models of the tissue to be created. This can provide a greater understanding of macroscopic
behavior of the tissue in different physiological conditions. The modeling of osteoarthritic degeneration, and
envelopment of future preventative and reparative methods also relies primarily upon cartilage tissue testing.
While conducting research on the effects of different stresses on tissue, it is important to see the visible effects
on the tissue along with the quantitative data about the stresses and strains experienced by the tissue. In the
past, tissue imaging was normally separate from the mechanical testing procedure; the cartilage samples were
imaged, then tested, then imaged again. This procedure does not allow for the in-time response of the tissue
to be observed which does not give the full picture. Testing and imaging of cartilage tissue has taken place but
the method did not allow easy calculation of the stress field, which can affect the accuracy. A shear testing
device with robust construction used under a confocal microscope would enable research to be done that
shows how the different components of the tissue contribute to the overall mechanical response of the tissue.

Team 25: Process and software
to automate OARSI scoring for
articular cartilage
Sponsored by: Dr. David Pierce (UCONN BME)
Sponsor Advisor: Dr. David Pierce
Left to right: Hannah Kackley, Gary Lorden,
Chamoussoudine Kandjrika, Jeremy Heard

We are developing a software program that automates the analysis of histological images of cartilage tissue
based off the OARSI scoring system. The purpose and goal of this project is to create a program that accepts
an input histological image of cartilage, analyzes the tissue in that image, and outputs an OARSI grade. The
program should be user-friendly, provide consistency and repeatability, and streamline the process of cartilage
analysis. The client, Dr. David Pierce, has requested we look specifically at the depth of OA progression, and
therefore, only the grade is needed and not the stage. The current prototype is designed to focus solely on
providing a grade between zero and four because the tissue samples being analyzed in Dr. Pierce’s laboratory
do not contain the tidemark, typically found on the bottom of a cartilage sample, and as a result, there cannot
be a grade higher than a four. Considering these factors, the main components of this grading system are
surface roughness, proteoglycan content, and cleft depth. Whichever component produces the highest OARSI
grade (closest to four in this situation) will be used; the components will not be averaged.

Schematic of articular cartilage (left), articular cartilage from Pritzker et al. grade 1 and grade 3
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Osteoarthritis (OA) in cartilage has long been studied, with limited success in accurately determining the
progression and features of the disease. The goal of our project is to create an automated software program
that returns the grades of histological cartilage images, according to the Osteoarthritis Research Society
International (OARSI) scoring and grading guidelines. The OARSI scoring system is pushing to be recognized
as the standard system for the assessment of OA histopathology. The OARSI system focuses specifically on
articular cartilage, and strives to provide a score that accurately and consistently represents both the severity
and extent of OA, with linear results over the range of mild to advanced disease progression. The OARSI grade
varies on a scale of zero to six and depends on factors such as surface roughness, erosion, cell death,
proteoglycan content, and cleft depth. The stage is based off of the extent of disease over specified percentages
of the cartilage sample and ranges between a zero and a four.

Team # 26: Smart Patch
Sponsor Advisor: Dr. Yu Lei – Professor at
UCONN Biomedical Engineering Department

Left to right: Zev Kartiganer, Kelsey Graves, Janet
Rodionova

The first phase of the project will focus on the detection of a virus. The nonpathogenic bacteriophage, T4D, will
be used as a representation of a bacteria-killing virus intended to lyse E.coli B 11303 cells. A lanthanide chelated
fluorescent complex will be synthesized and used to detect lysed or ‘infected’ E.coli B 11303 cells. Under normal
conditions, the lanthanide chelated fluorescent complex is conjugated to a citrate ion and emits a low intensity
fluorescent signal. When the lanthanide complex is dissociated from the citrate ion, however, the fluorescence
intensity increases 20-fold. As T4D lyses the E.coli cells, released intracellular components will be capable of
dissociating the citrate ion and causes ing an increase in fluorescence intensity in order to signify the presence
of dead cells. Excitation of the complex occurs at UV-light wavelengths; thus, a digital camera with a 600-nm
low frequency filter over the camera’s CCD will detect the virus’s presence.
In the second phase of the project, the lanthanide chelated complex will be suspended in an agar patch with
specific bacteria-targeting bacteriophages. When aforementioned specific bacteria are introduced to the patch,
the bacteria will culture on the LB agar until the bacteria comes in contact with one of the bacteriophages. The
bacteriophages will then lyse the bacteria, cause release of intracellular components, and induce fluorescence
from the lanthanide chelate complex. In this way, the presence of a specific type of bacteria can be detected like
never before possible, saving lives and money. This process accomplishes the goal of the Smart Patch: visible
detection of bacterial or virion presence.
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Hospital-acquired infections (HAIs) are one of the leading causes of death in the United States. These infections
are such a large issue because acknowledgment of HAI presence is based solely on patient diagnosis from
various symptoms and testing; without confirmation of a physically-ill and symptomatic patient, there is no
definite way to know where the pathogen exists. The device created in this project is intended to mitigate the
spread of pathogens in hospitals and public settings by providing a technique to visibly detect a bacteria or virus
quicker than ever before. In this way, the presence and subsequent removal of a bacteria or virus can take place
before any patients become infected.

Team 27: Functional Test
Fixture for Trocars & Access
Instruments
Sponsored by: Medtronic
Sponsor Advisor: Yen-Chih Huang

Trocars are minimally invasive surgical instruments that function as portals into the body during laparoscopic
surgery. By making minor incisions, surgical instruments can be passed into the abdomen via these ports to
minimize invasiveness and expedite patient recovery. Currently, Medtronic manufactures a variety of medical
devices and a variety of trocar designs. Differences among the trocar include length, diameter and tip design
which are all dependent on both patient size and procedure. They are in search of a testing fixture that can
measure penetration and fixation into the abdomen and insertion and removal forces within the port. Their
current testing protocol involves two separate apparatuses that yield inconsistent peak forces. Additionally,
they find large deviations between hand testing and Instron machine testing. The Instron testing method is not
representative of surgical procedures due to the angle of insertion and extraneous forces imposed by the
transducer. The goal of the new testing fixture is to measure all four forces collectively and accurately
represent forces found during surgery.
The results that are obtained will be crucial for determining acceptance of the trocars and access instruments
that Medtronic manufactures. With this data, forces can be standardized and used to analyze both quality of
current designs and future designs. Verification of the current designs’ functionality is imperative due to the
possibility of the trocar exerting too much force and puncturing surrounding organs and tissues.
To accommodate the client’s request, a singular device was designed to measure forces during hand testing
of the instruments. Key features of the design include an insertion angle ranging between 0 and 90 degrees, a
detachable frame to hold test media that the trocar will puncture, and sensors within the frame that will
accurately measure tension and compression forces. The detachable frame will accommodate a variety of
test media that can more accurately mimic surgical applications and ultimately bypass animal testing.
Simplifying the test process to a singular apparatus creates a portable device that the client can present at
different locations to surgeons and buyers.
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From Left to Right: Victoria Ouellette, Virag Borsai,
Marisa Romano

Team #28: Bioreactor
Design for Complex Tissue
Team #28: Bioreactor
Culture
Design for Complex Tissue
Sponsored by: UConn Health; Institute of
Culture
Regenerative Engineering
Sponsor Advisor: Dr. Syam Nukavarapu
Sponsored by: UConn Health; Institute of
Regenerative Engineering
Sponsor Advisor: Dr. Syam Nukavarapu

Left to right: Shalmli Joshi, Jennifer McNamara,
Kalpana Betageri
Left to right: Shalmli Joshi, Jennifer McNamara,
Kalpana Betageri
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Tissue engineering has emerged as an effective way of curatively treating osteochondral defects. In order to
meet the needs of complex osteochondral tissue, a bioreactor can be developed to culture triphasic tissue,
including bone, cartilage, and their interface for growth and differentiation. This bioreactor can serve as a
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of Connecticut Health Center. Ultimately, the design of, testing of, and experimentation using this bioreactor
will overcome the limitations of current osteochondral defect treatment methods, and provide a novel approach
to seeding and differentiating mesenchymal stem cells while the graded graft develops in a dynamic
environment.

Team 29: Designing a Cartilage
Healing Response: Stimulating
Stem Cell Chemotaxis in 3D
Hydrogel Matrices
Sponsored by: University of Connecticut,
Department of Biomedical Engineering
Sponsor Advisor: Dr. Wendy Vanden Berg-Foels

From Left to Right: Kayla Presswood, Timothy
O’Connor, Vanessa Barton, Zachary D’Amico

Chemoattractant efficacy is tested by seeding cells in a chemoattractant gradient and recording using time-lapse
microscopy the position of the cells over a 24-hour period. The images are then used to quantify chemotaxis
using the ImageJ image processing software. Chemoattractant efficacy is quantified by calculation of
directedness of migration, which evaluates how straight-line the paths of the cells are, forward migration index,
which evaluates if migration is toward higher concentration of chemoattractant, and center of mass, which is the
average location of the cells. A large forward migration index and center of mass in the direction of a
chemoattractant reservoir indicates effective chemotaxis. High directedness also indicates effective chemotaxis.
Chemotaxis parameters of each chemoattractant can be compared using a one-way ANOVA.
The immediate outcome of this project is addressing a gap in the literature. Mesenchymal stem cells are capable
of differentiating into numerous cells types, and so the next step would be to evaluate the chondrogenic potential
of recruited cells. If the project as a whole is a success, millions of people with cartilage defects could potentially
benefit.
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Articular cartilage, found in joints throughout the body, provides a low friction surface essential to load
distribution and proper joint function. Articular cartilage is largely composed of extracellular matrix, and lacks a
robust healing response. There are several treatments for articular cartilage damage currently available, but they
have generally mediocre results. There is a need for an articular cartilage repair approach that results in nativelike tissue, which if realized would potentially delay or avoid many of the joint replacements currently performed.
One approach to creating a high-quality articular cartilage repair is to mimic the healing response seen in other
tissues. Multipotent stem cells are a key component to any healing response. Synovium-derived mesenchymal
stem cells (sd-MSC) are available for recruitment in joint spaces and could be recruited to the wound site by a
treatment. Our design objective is to determine what treatment of growth factors, including specific factors and
concentrations best recruits sd-MSC. Previous in-vitro work on recruitment of these cell types has focused on 2D
chemotaxis assays which are of limited applicability to an in vivo system – this project uses 3D chemotaxis
assays of cells embedded in a collagen-I matrix, more closely modeling an in-vivo environment.

Team 30: 3-D Printing Scaffolds
for Nerve Repair
Sponsored by: UConn Health
Sponsor Advisor: Sangamesh Kumbar
From left to right: Michelle Hobert, Katie Gailiunas

The scaffold is to be seeded with human mesenchymal stem cells. In order to ensure full integration of cells
the scaffold should be porous. This creates more parameters to consider when designing the scaffold. These
variables include pore size, porosity, wall thickness and considering how these variables affect the mechanical
integrity of the scaffold. Making filament in house decreases cost and allows for tailored materials to be used.
The client is currently having issues with creating uniform filament and we are looking to optimize the filament
making process. Homemade filament allows for filament to be made on an as-needed basis, which reduces
wasted material and therefore the cost. This is extremely helpful in the trial and error phase of determining
which material is best for the application. Slight adjustments can be made to the material composition until
optimal material for the application is determined.
The ultimate goal is to combine 3D printing with electrospinning to optimize cell attachment, proliferation and
differentiation on scaffolds for nerve graft generation.
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UConn Health is looking to make 3D printed scaffolds for use in nerve graft generation. There is a lack of
scaffolds used for nerve regeneration on the market. Nerve damage causes discomfort and pain and creates
problems with positional awareness. The goal of the graft is to bridge broken nerve endings. This method
would be beneficial to patients with nerve damage, and hopefully a precursor to treatment for patients with
degenerative nerve diseases. There are many parameters to consider when designing a scaffold including
composition, dimensions, mechanical integrity, degradability and biocompatibility. 3D printing the scaffold
allows for much more precision and customization of these parameters. The client wants the scaffold to be
printed with home made filament. Using home made filament will also enhance the ability to customize the
scaffold. These factors can be manipulated and customized based on the patient and injury.
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Team 1: Design of Edible
Packaging Material and
Manufacturing Process for
Chocolates
Sponsored by: UConn School of Engineering
Faculty Advisor: Kelly Burke

From left to right: Arup Choudry, Samantha Ramsay, and Yikang
Peng

There are many materials available that can be made into edible films. Some of the most common materials
include whey and starch, both of which can easily form cast films but have low water resistance. As an
alternative, we turned our attention to zein, a corn protein, and wheat gluten. Both are heat-sealable and have
comparatively low water vapor permeability. Zein, in particular, has excellent water-resistant properties, but is
more expensive than wheat gluten.
Our design utilizes a ridged wheat gluten film with and outer layer of zein to decrease water vapor permeability.
The ridges serve as protection from body heat by increasing the distance between a person’s hand and the
chocolate, and by using the insulating properties of air, which has a thermal conductivity of 0.024 W/m·K. For
comparison, plastic chocolate wrappers are made of polypropylene, which has a thermal conductivity of 0.22
W/m·K.
The images below show preliminary COMSOL modeling results for packaging a chocolate cylinder that is 1” in
diameter and 1” long. The graph depicts the temperature of a point on the surface of the chocolate, centered
horizontally. These results indicate that a 0.5mm thick film with 2.5 mm high ridges is more effective at resisting
body heat than either a solid 3 mm film or a 0.5mm film alone. Using ridging rather than a thicker film also helps
save on materials. Ultimately, this package should not only protect chocolate, but also be more environmentally
friendly.
Point on
surface of
chocolate
for plot
on right

H1 = 0.5 mm
H2 = 2.5 mm

R1 =
12.7mm

L = 25.4 mm

R2 = 3 mm

Left: horizontal view with ridges and slice location. Center-left: slice and point location. Center-right: temperature scale (K). Right: plot
of point temperature over time
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In the United States, about 166 million tons of trash is produced per year. Of this, approximately 51.46 million
tons is from packaging waste, and two-thirds of that volume is food packaging. Recent advancements have
developed edible packaging that can be consumed along with the food inside. This technology could reduce
food packaging waste, but has not yet become widespread due to issues with manufacturing cost and
permeability against water vapor. Our goal is to design an edible packaging for chocolates. This package should
be appealing to consumers, safe to eat, and effective at protecting the chocolate. Chocolate should generally
be kept away from high humidity, which can cause sugar in the chocolate to migrate to the surface, causing
“sugar bloom”. The packaging should reduce this effect and protect the chocolate from body heat.

Team 2: Extraction of Helium-3
from Lunar Regolith for Fusion
Applications
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. Daniel D. Burkey

From left to right: Luis Diaz, Hoon Kang, Cori
Zazulka, and Tyler Hough

However, Helium-3 is not easily extracted from lunar regolith. With its abundance being 20 ppb range, solids
processing challenges requires filtering through tons of regolith just to obtain appreciable amounts of helium3. Once crushed to a small enough particle size, lunar regolith is heated to extreme temperatures which
allows a mixture of gases to escape the lunar regolith. Among these gases, there is a minute amount of
helium-3, which must be purified in order to obtain a stream of helium-3 that can be used for nuclear fusion.
Purifying helium-3 provides an equally pressing challenge, as multiple separation techniques must be used to
isolate helium-3 from the rest of the extensive multi-component system.
Assuming the availability of the technology and resources, the goal is to determine the economic feasibility of
helium-3 extraction from lunar regolith for terrestrial energy source purposes. Initial costs may be substantial
due to high costs of lunar travel, but, the rewards of disrupting the trillion-dollar energy market with helium-3
would truly be tantalizing. Overall, helium-3 offers a clean and energy-dense fuel that has a low
environmental impact on Earth and high potential for economic reward.

Drawing of Lunar Miner
Credit: Sviatoslavsky 1988

Helium-3 Fusion Reaction
Credit: Douglas Clark
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Experimental Results of He-3 Evolution
from Regolith
Credit: University of Wisconsin, 1997
Credit: Pepin et al.
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The race to end the dependence on fossil fuels is pressing innovation in the technological world. Despite the
availability of renewable sources on Earth, none has yet proven to be a long term solution. A promising,
emerging energy option, helium-3 fusion, has the capability of providing a clean, dense energy source for
Earth. It is not readily abundant within the bounds of our atmosphere, but there are abundant sources of
helium-3 in space. In particular, the moon provides a substantial source of helium-3 for mining and collecting,
as helium-3 is constantly implanted on the moon’s surface by the sun’s solar wind flux.

Team 3: A Cost Effective, Scalable
Process for the Production of a
Therapeutic Antibody
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. Yongku Cho
From left to right: Christopher Tricard, Amanda
Ramsdell, Stefanie Parillo, Kathryn Francis

This project aims to design a scalable manufacturing process with minimal capital cost to produce the
therapeutic antibody, Herceptin. The primary goal is to optimize and design the production process through
rigorous computational modeling of cell growth and protein production. In our design, three types of
bioreactors are considered for integration into the manufacturing design based on financial constraints,
product quality, and health and safety regulations. These types of bioreactors include the perfusion bioreactor,
the single-use bioreactor, and bioreactors using microcarriers.
To achieve these goals, our team has performed a wide array of computational modeling. These models are
founded upon classical mass balance equations, while accounting for kinetic behavior using the Monod
equation, and cell byproduct inhibitory factors. Models for each system have been developed and are used to
estimate feed, cell, and product concentrations across all systems. These results along with capital and
operating costs for the reactor are used to determine the optimal reactor, combining the most desirable
aspects of each reactor together. The final process design includes a purification process to meet the demand
of antibody produced from the bioreactors. A final economic analysis includes capital, labor, material, and
utility costs.

Fig 1: Schematic of a perfusion
reactor with exterior cell retention
device

Fig 2: Image of a continuously
stirred single use bioreactor
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Fig 3: SEM image of empty
cytopore macroporous microcarrier
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In the United States, it is estimated that about 1 in 8 women will develop invasive breast cancer over the
course of her lifetime. Per BreastCancer.org, about 25% of these diagnoses will be HER-2 positive. In HER2positive cancers, proteins that help control healthy cell growth on breast cells are overexpressed which causes
cells to proliferate uncontrollably. Herceptin, a drug currently used to treat HER2-positive breast cancer, is
solely produced by Genentech to any significant quantities. With the patent for Herceptin set to expire by 2019
in the United States, introducing a cost effective, scalable manufacturing process to produce Herceptin would
not only lead to a high potential for profitability, but it would also lead to a process that may be applied to the
manufacture of other monoclonal antibodies, which further increases the potential for profitability.

Team 4: Ground HeatExchanger for Supplementary
Power Plant Cooling
Sponsored by: UCONN School of Engineering
Faculty Advisor: Dr. Doug J. Cooper
Industry Advisor: David Eckhardt, AIChE Fellow

Left to Right: Garrett Dias, Daniel Dougherty, Eun
(Jackie) Lee, and Hamze Mah

This project evaluates the implementation of a ground heat exchanger (GHX) as a means of heat dissipation
prior to the cooling towers. The GHX will reduce the overall water loss by the CoGen plant by pre-cooling the
stream, resulting in less evaporation to achieve the same final temperature. The buried pipes of the GHX will
take advantage of the constant soil temperature beneath the frost line, which provides a semi-infinite heat sink.
A slinky configuration – consisting of coils of pipes buried in trenches – maximizes the available area for heat
transfer while minimizing the required real estate.
This design project considers sending various amounts of water to the GHX prior to the cooling towers in an
effort to reduce the average temperature. Various fractions of the stream are examined to find the optimum
balance between maximum heat dissipation and minimum energy required. Through this design, we explore
factors such as velocity profiles, pressure drop and overall heat transfer. We also investigate the economic
viability of each option to determine the optimal setup and layout of the GHX. This final design recommendation
addresses the $475,000 annual loss at the cooling towers.

Figure 2: The GHX placement before the cooling
towers will reduce the need for makeup water.

Figure 1: The CoGen cooling towers lose up to 300
GPM during peak conditions.
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In 2013, the University of Connecticut invested $25 million constructing a Water Reclamation Facility to address
the critical need for water. The facility produces 84 million gallons annually from the reuse of campus waste
water. This water is sent to the Cogeneration plant to address water loss due to evaporation at the cooling
towers, which at times can exceed 300 gallons per minute. Unfortunately, more water is demanded by the
Reclamation facility during the summer months where higher temperature and humidity increase the stress on
the cooling towers. In order to reduce the amount of water lost to evaporation and ease the burden on the cooling
towers, an additional source of cooling is imperative.

Team 5: 3D-Printing of
Team 5: 3D-Printing
Biosensing
Reactors of
for the
Biosensing
Detection
of Reactors
E. Coli for the
Detection of E. Coli

Sponsored by: UConn School of Engineering
Faculty
Advisor:
Dr. Yu Lei
Sponsored
by: UConn
School of Engineering
Faculty Advisor: Dr. Yu Lei

Left to Right: James Campanella, Jine Woo,
Krista Pereira, Andrew Gacek
Left to Right: James Campanella, Jine Woo,
Krista Pereira, Andrew Gacek

Test of wax printed device, top
of circle is before melting,
Test ofofwax
printed
device,
top
bottom
circle
is after
melting
of circle is before melting,
bottom of circle is after melting

Solid Works model of square
microarray with sealed wells
Solid Works model of square
microarray with sealed wells
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Solid Works model of circular
microarray with through holes
Solid Works model of circular
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The Center for Disease Control estimates that in the United States 265,000 people a year become infected
with shiga toxin-producing E. coli (STEC). The most common symptoms of a STEC infection include diarrhea
The Center for Disease Control estimates that in the United States 265,000 people a year become infected
and abdominal cramps, but in some individuals with weakened immune systems it can cause a type of kidney
with shiga toxin-producing E. coli (STEC). The most common symptoms of a STEC infection include diarrhea
failure called hemolytic uremic syndrome. People may become infected by consuming contaminated food or
and abdominal cramps, but in some individuals with weakened immune systems it can cause a type of kidney
water. Therefore, it is essential to monitor drinking water quality by testing for E.coli and other total coliforms.
failure called hemolytic uremic syndrome. People may become infected by consuming contaminated food or
water. Therefore, it is essential to monitor drinking water quality by testing for E.coli and other total coliforms.
The goal of this project is to design and produce a 3D printed micro-bioreactor that will be used as a
biosensing system to rapidly detect the presence of coliform bacteria in water. The product will detect both
The goal of this project is to design and produce a 3D printed micro-bioreactor that will be used as a
total coliforms and specifically Escherichia coli. The types of coliforms can be differentiated by the enzymes
biosensing system to rapidly detect the presence of coliform bacteria in water. The product will detect both
they produce; all coliforms produce β-D-galactosidase while E. coli specifically produces β-D-glucuronidase.
total coliforms and specifically Escherichia coli. The types of coliforms can be differentiated by the enzymes
As these enzymes metabolize specific compounds in the substrate, a color change or fluorescence will occur
they produce; all coliforms produce β-D-galactosidase while E. coli specifically produces β-D-glucuronidase.
allowing their presence to be detected simply. There are current devices on the market that can be used for
As these enzymes metabolize specific compounds in the substrate, a color change or fluorescence will occur
this process, but they have a detection time of sixteen to twenty-four hours, which is too long to issue a timely
allowing their presence to be detected simply. There are current devices on the market that can be used for
notice. The aim of this project is to create a device that will allow results to be visible using only the naked eye
this process, but they have a detection time of sixteen to twenty-four hours, which is too long to issue a timely
or a UV light within a period of eight hours in conjunction with a signal amplification strategy that gives a same
notice. The aim of this project is to create a device that will allow results to be visible using only the naked eye
day result. The decrease in time will allow for potentially dangerous water to be identified more quickly, which
or a UV light within a period of eight hours in conjunction with a signal amplification strategy that gives a same
could limit the number of people exposed to it.
day result. The decrease in time will allow for potentially dangerous water to be identified more quickly, which
could limit the number of people exposed to it.
The bioreactor designs will be produced using 3D and solid ink printing. Both 3D printed designs will be printed
as a platform with a large number of wells engraved to hold and incubate the substrate and water samples.
The bioreactor designs will be produced using 3D and solid ink printing. Both 3D printed designs will be printed
However, one 3D printed design has wells designed to hold the water sample and the other has through-hole
as a platform with a large number of wells engraved to hold and incubate the substrate and water samples.
wells to allow the sample to flow through filter paper on the bottom side of the platform. The solid ink printed
However, one 3D printed design has wells designed to hold the water sample and the other has through-hole
design produces a microarray by printing directly onto filter paper. Once printed heat is applied to the paper to
wells to allow the sample to flow through filter paper on the bottom side of the platform. The solid ink printed
melt the wax. As the wax melts it is spread through pores of the paper to create a hydrophobic barrier, which
design produces a microarray by printing directly onto filter paper. Once printed heat is applied to the paper to
can be used to create wells that trap and concentrate the bacteria.
melt the wax. As the wax melts it is spread through pores of the paper to create a hydrophobic barrier, which
can be used to create wells that trap and concentrate the bacteria.
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for 3D Printing Chocolate
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Sponsored by: UCONN School of Engineering
Sponsored by: UCONN School of Engineering
Faculty Advisor: Dr. Anson W. K. Ma
Faculty Advisor: Dr. Anson W. K. Ma

The 3D printing industry has emerged from a rapid prototyping technique to a versatile manufacturing
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Using experimentally determined thermal and rheological properties of chocolate, predictive modeling
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Team 7: Implementation of a
Nanofiltration System to Soften
Reclaimed Wastewater
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. Jeffery McCutcheon
Left to Right: Zain Nasir, Sarah Simoni, Anthony
Mafale, James Oakes (not pictured)

Our project focuses on softening the reclaimed water provided to the Cogeneration plant on campus. At
500,000 GPD, it is the largest single source user of water at the university and has been experiencing costly
problems due to the presence of hardness in reclaimed water. Nanofiltration is a membrane technology that
can reduce the hardness in water without the challenges of chemicals and ion exchange. Membranes are
specifically designed to remove divalent ions using modest pressures (like reverse osmosis but less selective).
The softened water will then be used in both the cooling towers and steam generators, thus reducing the
overall strain on these systems. The improved water quality may also enable additional uses for reclaimed
water on campus, such as irrigation.
In order to reduce capital costs, we will use a series of turn-key systems housed in the RWF. The nanofiltration
system selected is equipped with 11 pressure vessels powering (66) 8’ spiral wound membranes. The system
can produce up to 500,000 GPD with a maximum of 1,500 ppm total dissolved solids (TDS) in the feed water
stream.
To ensure ideal water quality, simulations were run through ROSA, a membrane modeling software. To
maximize efficiency, secondary objectives are to prove the viability of softened water for additional municipal
uses. There are several additional use options on campus (landscape irrigation, vehicle washing, toilet
flushing) that can benefit from the reclaimed water supply while complying with the Connecticut Department of
Energy and Environmental Protection regulations.
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Over the past decade, increasing development on UConn’s campus has led to environmental concerns
caused by water consumption and management. Overdrawing from nearby rivers damaged the local
ecosystem causing the university to reevaluate its water usage and look for conservation solutions. An
essential step included the addition of the Reclaimed Water Facility (RWF) in 2013 which was designed to
treat campus wastewater for reuse. However, unforeseen repercussions have inhibited the plant’s effective
potential. In an effort to optimize the use of reclaimed water at the university, our objective is to analyze the
viability of introducing a nanofiltration system into the established loop.

of Alkaline Batteries
Team #8: Electrolytic Recycling
Sponsored by: Duracell
of Alkaline Batteries
Sponsor Advisors: Fan Zhang, Abbey Wangstrom
Faculty Advisor: Dr. William Mustain

(Pictured left to right): Paul Petracca, Helen Nguon,
Hanna Soucie, Christiane Nguyen

(Pictured left to right): Paul Petracca, Helen Nguon,
Hanna Soucie, Christiane Nguyen

Billions of primary alkaline batteries are used and thrown away every year. Currently, only a very small
percentage of these batteries is collected and recycled – some of the spent active materials are used as
fertilizer additives, some of the cans are re-used in steel, but most remain in landfills. The overarching goal for
this project is to develop a new process that aims to recycle the spent active material from used alkaline
batteries, and then to propose a scale-up strategy for that process. Therefore, our project has theoretical and
laboratory
components,
as batteries
well as industrial-scale
considerations.
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different compounds.
A feasibility
critical aspect
our design was to develop low cost methods to convert each of these
compounds into chemical forms that are easily separable and collectable. This design requires extensive
separation technique that features density, solubility, and electrochemical method. Then, engineered forms of
recovered manganese and zinc are converted back into active materials that can find their way back onto
store shelves and in our homes. Our team has also investigated the process, economics, and safety, and has
evaluated the technical feasibility of the process.
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Sponsored by: Duracell
Sponsor Advisors: Fan Zhang, Abbey Wangstrom
Faculty Advisor: Dr. William Mustain

Team 9: Electrochemical CO2
Capture from IGCC Power
Plants
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. William Mustain
Team 9. From left to right: David Cowles,
Connor Lewis, Jonathan Klein, Colin Gerrity

A 360MW-rated IGCC power plant, based on the Polk Power Station outside Tampa, FL (Figure 1), was built
and optimized in the process simulation software Aspen PLUS. The existing power plant contains well over 100
unit operations split into five subsystems (Figure 2). Without carbon capture, the power plant emits
approximately 650,000 lb/hr of CO2. In this project we have fully designed, integrated, and costed three different
CO2 capture solutions. Pre-combustion, we have investigated solvent-based CO2 capture – both SelexolTM and
monoethanolamine (MEA) adsorption. Post-combustion, we have designed a unique electrochemical cell that
functions as an anion-exchange membrane (AEM) flow cell (Figure 3). Several scenarios, including the three
standalone capture methods and hybrid capture systems, were analyzed. With CO 2 removed, the overwhelming
emission of the power plant is water vapor, perhaps enabling the clean implementation of coal, as well as other
fossil fuels, in the foreseeable future.

Figure 1. Polk Power Station, Tampa FL

Figure 2. 360MW IGCC Power Plant (base model) with no CO2 removal shown
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Figure 3. Operating principle of
electrochemical cell for CO2 capture
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Coal is an abundant, cheap, and reliable source of energy for electricity generation, accounting for roughly 1/3
of power produced in the U.S. A major drawback to coal usage is heavy emissions of the greenhouse gas CO2,
a major contributor to global warming. The objective of this project is to explore the economic feasibility of using
chemical and electrochemical CO2 capture to achieve 90% carbon capture from an integrated gasification
combined-cycle (IGCC) coal-fired power plant.

Team 10: Optimization of
Manufacturing Size Controllable
Nanoliposomes for Drug Delivery
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. Mu-Ping Nieh

From left to right: Samuel Levine, Samuel Magna,
Cameron Harrington, James Jerolimo

Our goal is to design, optimize, and evaluate a manufacturing process for uniform nanoliposome production
using a breakthrough method. This method begins by first spontaneously forming nanodiscs (of predetermined
ratios of charged lipids and long- and short-chain lipids), then follows with the heating of the nanodiscs,
resulting in self-folding into the desired nanoliposomes. It was also essential to investigate the impacts of
manufacturing nanoliposomes on public health and the environment. In addition, the nanoliposome market
was evaluated for the possible growth and the specific manufacturing process was analyzed against current
methodologies based on the economic profit of the products.
A heat-exchanging process for manufacturing nanoliposomes was simulated with COMSOL software (Fig
3). In the simulation, the sizes of nanoliposomes under different conditions of flow, temperature of heating
block, and the size and spacing of pipes are all manipulated as manufacturing parameters. A pilot plant with
expenses analyzed needed to be constructed accordingly. This design indicates that the process will be not
only profitable but benefit public health by drastically lowering the price of chemotherapeutic pharmaceuticals.

Figure 1: Nanoliposome cross
section
https://en.uit.no/forskning/forskningsgrupper/sub?sub
_id=344032&p_document_id=338459

Figure 2: Enhanced permeability and
retention (EPR) effect on tumors
targeted by nanoliposomes
https://en.uit.no/forskning/forskningsgrupper/sub?sub_id=3
44032&p_document_id=338459
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Figure 32: Nanoliposome manufacturing
process simulation with COMSOL
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Targeting drug delivery is an advanced approach to treat various types of cancer and disease. Nanometersized liposomes are one of the promising delivery carriers, with a growing annual North American market of $4
Billion in 2015. Liposomes are spherical shells made of phospholipid bilayer (Fig 1) and have the advantages
of high biocompatibility and the ability to entrap relatively large amounts of a wide variety of compounds.
These single nanoliposomes can increase drug uptake by enhanced permeability and retention targeting
tumor tissue based on carrier particle size (Fig 2). Unfortunately, few manufacturing methods have the
capability to control liposome size, polydispersity, and effective drug encapsulation in an economically feasible
process.

Team 11: Process Development
for Quantifying Cr(VI) in Thin
Films in the Aerospace Industry
Sponsored by: UTC Aerospace Systems
Faculty Advisor: Dr. Richard Parnas
(Left to right) James Curley, Zachariah Pittman,
Alex Pietruszewski, Katherine Alling

XPS was used because it can differentiate the hazardous Cr(VI) oxidation state from others present in the
sample. Initially, a Cr(VI)-containing aluminum coated sample was used as a positive control to verify the
detection capabilities of XPS. In conjunction with ion sputtering, XPS was used to create a full chemical depth
profile of the passivation layer. Sputter depths and ion sputtering rates were determined using optical
profilometry for our process. CasaXPS software was then used for the deconvolution of peaks in the depth profile
to quantify the composition of the chromium oxidation states. Focused Ion Beam milling in conjunction with
Transmission Electron Microscopy were used to visually observe and measure oxide layers on the samples.
Further, Inductively Coupled Plasma analysis was used to find the composition of the bulk metal. Using this
knowledge, we were able to ensure the entirety of the passivation layer was analyzed with accuracy in XPS
tests. Experimental results have shown that this process has the potential to provide the information necessary
to calculate the weight percent of Cr(VI) on a sample and judge whether the part will satisfy the incoming EU
regulations.
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Compounds containing hexavalent chromium, or Cr(VI), are often used in passivation treatments that protect
aerospace components from corrosion. Cr(VI) is an oxidation state of chromium that has been identified as a
substance of very high concern by the European Union (EU) because of its carcinogenic and mutagenic effects
on the human body. New regulations established by the EU will limit the use of these substances starting in
September of 2017. Our process aims to detect and quantify Cr(VI) on parts manufactured by UTC Aerospace
Systems to ensure these regulations are met. If Cr(VI) compounds are present, they will reside within a thin film
at the surface of the bulk metal called the passivation layer. Our approach employs X-Ray Photoelectron
Spectroscopy (XPS) and ion sputtering to create a depth profile of the material’s elemental composition.
Additionally, surface sensitive analytical techniques are used to supplement our findings. Our goal is to develop
a methodology that will be built upon by UTC Aerospace Systems and integrated into a quality assurance and
quality control process that will screen components for Cr(VI).

Team 12: Conceptualization of
Team 12: Conceptualization of
a 1,3-Propanediol Production
a 1,3-Propanediol Production
Process
Process
Sponsored by: UConn School of Engineering
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Srivastava
Faculty Advisor: Dr. Ranjan Srivastava
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Left to Right:
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Ng, Alexander
Summit Singhaviranon, Katherine Urena Pimentel

platform chemical with rising industrial demand, to financially incentivize biodiesel production.
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A schematic of biochemical pathway for the production of 1,3propanediol.
A schematic of biochemical pathway for the production of 1,3propanediol.
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A schematic of the reactor design. Aerobic E. coli growth occurs in
the lab, seed, and first production fermenter, followed by the
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In the ensuing energy crisis, the need for cheap and clean alternative fuel sources is more prevalent than ever.
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Team # 13: Water Saving at the
UConn Cogeneration Plant
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr. Doug J. Cooper
Industry Advisor: David Eckhardt, AIChE Fellow
From left to right: Dean Daley, Zachary Blanchette,
Kevin Handera, Raaed Rakin

The goal of this project is to design a modification to the cooling towers at the UConn Cogen plant to reduce the
amount of water that is lost to evaporation. The idea is to implement a dry cooling system before the cooling
towers in order to precool the water so that less evaporation is needed to return the water to the desired
temperature, thus reducing the amount of replacement water required. The dry cooling system acts as a radiator
where hot water flows through small tubes while a fan blows air across. The effectiveness is governed by the
ambient air temperature, meaning that in the spring and fall, as well as most summer nights, the dry cooling
system will be able to almost completely replace the current wet cooling towers. However, this also means that
there will be little contribution from the dry cooler on the hottest days of the year.
Considering that over 33 million gallons are lost each year, the potential savings are enormous both
economically and environmentally. The construction and operating costs associated with the dry cooling system
depends on the number and size of heat exchangers used, but it is designed to not exceed the cost of the water
saved.
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The UConn Cogen plant opened in 2006 to provide the main campus with electricity as well as heat in the winter
and cooling in the summer. The plant is the largest consumer of water on campus, the bulk of which is lost due
to evaporation from the plant’s rooftop cooling towers. The current system uses recirculating wet cooling towers,
which cool the water through evaporative loss. The loss of water only ranges from 1-2% but due to flow rates
between 6,000 and 12,000 gallons per minute, a significant amount of water is lost. For instance, these towers
consumed over 33 million gallons of water in 2016. This large consumption of water has led to ecological issues
in the past and has caused the university to construct a $29 million water reclamation facility to lessen the impact.

Team 14: Design of an
Intensified Food Production
System
Sponsored by: UCONN School of Engineering
Faculty Advisor: Matthew Stuber
From left to right: Vincent Chirico, Kathleen
Rowland, Sana Khan, Hira Iqbal

Solar parabolic troughs provide thermal energy to a mineral oil heat transfer fluid, which is converted to usable
power for pumps and control systems through the use of an organic rankine cycle (ORC). The organic rankine
cycle was chosen over the conventional steam rankine cycle because it allows heat recovery from lower
temperature sources. This energy then powers an aeroponic greenhouse, as well as a multi-stage desalination
unit that provides a sustainable freshwater supply using waste heat from the ORC. This system utilizes
aeroponics because this growth method allows the reclamation of 85% of water used. A single-tank thermocline
system will be used for solar thermal energy storage for periods of brief overcast, and biomass combustion will
provide a long-term source of backup energy for use in winter.
Now that a final design has been established, the goal for the second stage of the project is to consider the
logistics of implementing this design in current economic conditions. This economic analysis will focus primarily
on the scaling and optimization of the solar-desalination-greenhouse design, but will also include the costs of
distribution. Choosing suitable plant types requires considerations of nutritional demands as well as
profits. Current economic conditions will be considered, as well as potential future environmental and economic
factors that could impact the feasibility of the design.
One objective of this project was to alter the design in such a way that it would be effective in two disparate
climates, specifically, Saudi Arabia and Massachusetts. Now that there is a general design established, the next
step is to tailor it to each of the selected climates. This process will include creating a distribution chain that will
bring the produce to customers.
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Given global projected changes in climate, availability of freshwater resources, arable land, and population, it is
likely that highly adapted methods of food production will become necessary before 2100. This design proposes
an intensified food production system with net zero greenhouse gas emissions and sustainable water usage in
every stage of production, including water acquisition, plant growth, and distribution to sales centers.

Team 15: Thinning of Polymer
Coatings on Substrates
Faculty Advisor: Dr. Luyi Sun
Sponsor: Anonymous

Left to Right: Adam LaChance, Megan Brzoska,
Rachel Cristiano, Nicholas Velezis

The main focus of our research was to design an optimized chemical treatment process to remove excess
polymer from the substrates. Several simulations were done in ASPEN Plus and COMSOL Multiphysics to
determine the exact mechanism by which the chemical should be introduced to the substrates. Three
processes were considered; an atomizer system where the chemical is sprayed onto the substrates, a batchreactor-like model where the substrates were washed with chemicals, and a dipping system, which was
modeled with multiple batch reactors, where the substrates were consecutively dipped into multiple baths of
chemicals. In all three of these cases, a wash solution was introduced to the system to remove any excess
solvent on the substrate, and both the solvent and wash solutions were treated via flash separation to remove
the excess polymer for repeated use.
Another aspect of this project is to modify the initial polymer application system such that the amount of
polymer applied to the cutting edges is reduced. Research was done to recommend a spray nozzle to improve
the polymer deposition by making it thinner and more uniform prior to chemical thinning. The results of this
project will be refined experimentally, but our results give a method by which this polymer removal process can
take place.
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The team looked at optimizing the thickness of polymer coatings on metal surfaces. One critical design aspect
for these metal substrates is a thin layer of low molecular weight polymer coating on the substrate edges. An
optimal coating must be as thin as possible without gaps in coverage and uniform in thickness. The sponsor
currently coats a metal substrate at a thickness of approximately 500 nm (see the left picture below). To
improve the quality of the coating, a thinner layer is desired. U.S. Patent No. 5,985,459, recently expired,
provides details of a thinning process using a solvent and wash solution.

Team 16: Production of Aviation
Fuel from Biomass via
Gasification and Fisher-Tropsch
Sponsored by: UConn School of Engineering
Faculty Advisor: Dr.. Julia Valla
From Left to Right: Paapa Obeng, Ryan Tran,
Jordan Serrano and Timothy Goyal.
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One of the major culprits of the excess production of carbon dioxide is the aviation industry. The aviation industry
consumes just over 5.6 million barrels per year in the United States alone. This accounts for 11% of
transportation fuel, 12% of the greenhouse gases emitted by the transportation industry and 3% of greenhouse
gases emitted overall. These numbers show that there is a need to create aviation fuel from a cleaner, renewable
and inexpensive source. That is what this project seeks to accomplish
The entire scope of this project is to design and economically analyze a process to turn biomass into aviation
fuel via gasification and the Fischer-Tropsch Process. Our process consists of five separate independently yet
crucial units: Hydrothermal Carbonization, Gasification, Syn-Cleaning/WGS, Fischer Tropsch, and the
Cracker. In the first unit, the raw biomass if filtered, washed, and is turned into coal-like substance. The biocoal
is converted into syn-gas in the gasifier. The Syn-Gas Cleaning/WGS removes impurities, such as 𝑁𝑁2 and 𝐻𝐻2 𝑆𝑆
and adjusts the ratio of 𝐻𝐻2 /𝐶𝐶𝐶𝐶 via the Water-Gas Shift Reaction. Then the Fischer-Tropsch unit polymerizes the
𝐶𝐶𝐶𝐶 and 𝐻𝐻2 into hydrocarbons of varying lengths. Hydrocarbons with seven or less carbons are separated for
power-generation. Molecules with carbon numbers between eight and sixteen carbons are used for aviation
fuel. Hydrocarbons with more than sixteen carbons are cracked for more product.

Fig. 1 Wood chippings. One of
the two main materials used.

Fig. 2 A process flowchart of the overall
process.
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Fig. 3 A final product aimed at
replacing current aviation fuel
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Since the inception of climate change, there has been a race to discover effective and feasible alternatives to
fossil fuels. The use of fossil fuel has exponentially skyrocketed since the beginning of industrial age in the 18
century which has significantly increased the carbon footprint. The burning of fossil fuels produces 21.3 billion
tons of carbon dioxide per year, only half of this amount will be absorbed through natural means leading to a net
increase of the amount of carbon dioxide in the atmosphere.

Team 17: Viability of Aviation
Team 17: Viability of Aviation
Fuel Production via Biomass
Fuel Production via Biomass
Pyrolysis & Hydrodeoxygenation
Pyrolysis & Hydrodeoxygenation
Sponsored by: UConn School of Engineering
Sponsored
by: UConn
School
of Engineering
Faculty Advisor:
Dr. Julia
A. Valla
Faculty Advisor: Dr. Julia A. Valla

From left to right: Douglas Connolly, John Parillo,
Jacobleft
Struble,
David
Quantrille.
From
to right:
Douglas
Connolly, John Parillo,
Jacob Struble, David Quantrille.
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Team 18: Incorporating
Exercise into an Artificial
Pancreas System by Modeling
Faculty Advisor: Dr. Brian Willis
Group Members: (from left to right) Priya Chanda,
Summer Kochersperger, and Joseph Basco

A closed-loop glucose-insulin regulation device would be the artificial re-creation of a pancreas. An artificial
pancreas works to maintain dynamic insulin control in the body in real-time. The FDA recently approved
Medronic’s MiniMed 670G, the “world’s first hybrid closed-loop artificial pancreas”, this system can
automatically regulate blood glucose with some initial user input. The user is required to input meal amounts
and times as well as exercise performed. The user input makes it so that this is a hybrid system.
The goal of this project is to create a system of code and sensors that would perform dynamic insulin control
during exercise. This would reduce user-input and make the system more closed-loop. Before creating a
system for dynamic insulin control, we need a mathematical model of general glucose-insulin behavior in the
body that has a specific subroutine that also accounts for exercise. We obtained a general glucose-insulin
model from a research group at the University of Padova in Italy. From there, we found a dynamic glucoseinsulin model accounting for exercise from the University of Pittsburgh and we developed a MatLab code to
simulate their findings. These two codes were integrated into MatLab Simulink and interfaced with a Graphic
User Interface (GUI) so that exercise is incorporated overall. The GUI allows users to understand how exactly
exercise affects glucose and insulin levels with graphic results.
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The development of an artificial pancreas has been viewed as a significant advancement to the management
of diabetes since the invention of the insulin pump. There will always be problems when using an insulin pump
because artificial insulin is used, which has a longer residence time before it affects blood glucose, making
blood glucose levels appear to be higher than they are. This leads to too much insulin input from the device,
and can result in hypoglycemia or death. As such, very smart control algorithms are required to keep blood
glucose levels within a safe range.
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Team 1A: Rehabilitation of
Bridge No. 00668, Plainfield, CT
Sponsored by: Kleinfelder Inc.
Sponsor Advisor: Kyle Turschman, P.E.
Faculty Advisor: Ramesh B. Malla, Ph.D., F. ASCE

From left to right: Caleb Pruzinsky, Aaron Williams,
Patrick Shiring, Sarah Cadet

Based on the current condition of the bridge, a full bridge replacement was necessary to become structurally
and functionally adequate. Due to the nature of the deterioration in the old beams, the objective of this project
was to design a new superstructure, focusing more on designing the beams and the load combinations
included. The design of the new structure addresses the concerns of the existing bridge. The new bridge was
designed using steel beams and a reinforced concrete deck spanning 40’ to meet the hydraulic requirements
of a 100-year storm. The bridge was widened to accommodate two 12-foot travel lanes with 4 foot shoulders.
The abutments were redesigned as integral abutments to reduce maintenance costs due to bearing
deterioration. The necessary analysis for determining stresses and deflections to come up with a desired new
design of the superstructure was done using SAP2000 software. After determining the HL-93 loads and dead
loads due to the self-weight of the structure, the beams were modeled using the software and the appropriate
dimensions were determined. The design steps and calculations of the bridge superstructure and
substructures (abutments) followed the AASHTO LRFD Bridge Design Specifications and the ConnDOT
Bridge Design Manual.

Figure 1: East Face of
existing bridge

Figure 2: Rusted bottom
flange of existing bridge
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Figure 3: Example of the type
of bridge designed
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The purpose of this project is to rehabilitate Bridge No. 00668 in Plainfield, Connecticut. Bridge No. 00668
carries Route 12 over Mill Brook. Route 12 is a two-lane highway consisting of 12-foot travel lanes and 2 foot
shoulders. The bridge was originally constructed in 1920 and was widened in 1924 to accommodate the
alignment of Route 12. The bridge is skewed at a 35-degree angle and consists of a single span of 24 feet with
a reinforced concrete deck supported by steel beams. Multiple beams have significant section loss due to rust.
The beams are supported by stone wall abutments which were built prior to the construction in 1920. The
abutments are in satisfactory condition with loose stones and minor cracks. The cross-sectional area under the
bridge is not large enough to pass a 100-year storm and therefore it is hydraulically inadequate. The
culmination of the deteriorated beams, dated abutments, and hydraulic inadequacy deemed a full replacement
of the bridge necessary.

Team 1B:
Bridge No. 00668 Rehabilitation
Plainfield, CT
Sponsored by: Kleinfelder
Sponsor Advisor: Kyle Turschman, P.E.
Faculty Advisor: Dr. Ramesh Malla, Ph.D., F. ASCE

From left to right: Austin Nolette, Samantha
D’Agostino, Taylor Black, Evan Koehler

Through our research on the current state of the structure, it was decided that a full replacement was the
optimal solution to mitigate the various issues with the bridge. Since the structure is close to 100 years old, it
makes more sense structurally and financially to remove the existing structure and replace it with an updated
design that will prolong its lifespan. The main goal of this project was to design a new superstructure and
substructure in order to provide a long lasting stable structure that is hydraulically adequate while also
maintaining a 27-foot roadway width. A Structure Type Study was conducted to determine the most feasible
superstructure and the use of U-type wingwalls. To make the bridge the hydraulically adequate, a 40-foot clear
span will be used. The bridge structures were designed utilizing the AASHTO LRFD Bridge Design
Specification and the Connecticut DOT Bridge Design Manual will be utilized. In addition, to arrive at the most
desirable design, structural analysis was performed using the provided computer software. The newly
designed structure will allow for a longer lifespan of the bridge, maintain hydraulic adequacy, and meet the
current traffic demands of this roadway.

Figure 1: Location map of structure

Figure 2: West elevation
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Figure 3: Metal arch pan typical condition
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Bridge No. 00668 carries Route 12 over Mill Brook in the Town of Plainfield, Connecticut (Fig. 1). It is a single
span structure with a span length of 24 feet and varying width. The bridge is skewed to Route 12 at 35
degrees. The approach roadway width is 27 feet wide. The original bridge, constructed in 1920, is comprised
of reinforced concrete deck with metal arch pans and a steel beam superstructure on stone abutments. The
bridge was widened in 1924. The widened section is comprised of a reinforced concrete deck supported by
steel beams on stone abutments. The steel beams are splayed to accommodate the turning radius of Old
Norwich Road. The pictures (Figs. 2 and 3) shown below display the current condition of the bridge. The
Connecticut Department of Transportation determined the bridge must be rehabilitated due to the most recent
inspection report. According to the inspection report, the bridge is hydraulically inadequate, which means the
structure cannot survive a 100-year storm and the superstructure is in poor condition due to deterioration of
the beams and various other components.

Team 2: Foundation Designs
for Metal Building Systems
Sponsored by: Aldrich Construction Company
Faculty Advisor: J. M. Albaine
From left to right: Connor Ligeikis, Huy Le, Nahian
Ifaz, and Louis Ambrogio

In order to design a sustainable and safe foundation, we first needed to conduct research on various types of
foundations. The purpose of this investigation was to find the best kind of interior and exterior footings for a
prefabricated metal building system. During our research we explored using moment-resisting foundations
and/or hairpins for exterior footings. We also learned how to take into account soil shear resistance when
designing footings to resist uplift. Finally, we reviewed the relevant International Building Code load
combinations and ACI 318-14 footing structural design requirements.
Based on this research, we developed a spreadsheet that can be used to design cost effective and safe
foundations for a given metal building system by inputting various parameters. These parameters included
column loads, slab thickness, soil characteristics, size and depth of footing, and other factors that can affect
the design of individual footings. We then used this spreadsheet to conduct a sensitivity analysis to determine
how changing individual input parameters altered the design output. Finally, we explored how using various
design methodologies affected the ultimate cost of constructing a typical footing.
We would like to thank James Aldrich for giving us the opportunity to work on this very interesting project and
we would also like to thank our advisor J. M. Albaine for his advice and support throughout this past year.
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Aldrich Construction Company is regularly involved in the construction of prefabricated metal building systems
throughout the state of Connecticut. Metal building systems pose unique challenges to the engineers
responsible for designing their foundations. For instance, these buildings are typically very lightweight so wind
can create excessive net uplift forces on both interior and exterior footings. Another major concern is
accommodating significant horizontal forces at the column bases. Under gravity loading, these horizontal
forces are caused by the rigid frames used as the primary roof structure in metal building systems. The goal of
this senior design project is to develop a logical process for designing cost effective and safe foundations for
metal building systems.

Team #3: Fabyan Road
Drainage Improvements
Sponsored by: The Town of Thompson, CT
Sponsor Advisor: Mr. Charles E. Elias, P.E.
Team 3 Group Photo. Students listed from left to
right: Scott Nolan, Timothy Cyr, Kyle Salmon, and
Holly Linder

In order to effectively manage the increased runoff during storms Husky Hydro Solutions is preparing an indepth renovation of Fabyan Road. The new drainage system will tie in repaired culverts with newly constructed
catch basins to adequately redirect the runoff away from the road. The new design will also include lip curbing
along certain turns and regrading along certain segments to minimize ponding and to direct the runoff into the
proposed drainage system. All pavement excavated during the earthwork can be re-utilized as recycled
asphalt pavement. Safety and environmental awareness are the most important aspects that we hope to keep
consistent throughout the duration of our project and to improve the quality of life for the residents in the
neighborhood.

Existing side-drain on Fabyan Rd.

Existing culvert on Fabyan Rd.
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The Town of Thompson, CT has commissioned Husky Hydro Solutions to solve a major drainage issue on
Fabyan Road, a local road in Thompson. The three miles of Fabyan Rd. that require attention run along the
side of a mountain and need a safe, efficient design to transfer runoff from the higher side of the mountain to
the lower side. The current road uses about twenty culverts to accomplish this, however, most of these
culverts are very old; some are in need of repair while others were made so long ago that they have become
functionally obsolete and need redesign. There are areas of the road that are rutted, weathered, or not graded
correctly, which frequently produces ponding. Despite being a narrow and winding road, there is no advisory
signage or guardrails. These issues together create a significant safety hazard, particularly during times of
heavy rain or snowfall.

Team 4: Bull Hill Recreation
Area Drainage Improvements
Town of Thompson, CT
Sponsored by: Town of Thompson, CT
Sponsor Advisor: MaryAnn Chinatti
Faculty Advisor: Dr. Amvrossios C. Bagtzoglou
Left to Right: Nick Hartley, Paul Ference, Zixi
Wang, Stefano Riccobene, Carl Duesler, Ryan
Bergeron, Ben Hosley, Zaynab Bayati

A variety of field tests and data collection techniques were implemented in order to gain a clearer depiction of
existing conditions and gain a greater understanding of the contributing factors to the overlying problem. Soil
cores were taken from several locations across the field and tested in the department laboratories to
determine soil composition, gradation of soil, and hydraulic conductivity. A site survey was also conducted to
determine the existing grade of the site and identify low lying areas. Our investigations revealed high quantity
of clayey material throughout the site approximately 3-ft beneath the surface. The soil composition makes
water infiltration nearly impossible. We also found the site to have an average slope of 1% moving from the
North corner of the site to the South corner.
Our design approach will consider two options for the mitigation of excess surface water build up that may be
used independently or in conjunction with each other for better results. Design 1 includes a plan to re-grade
the two recreational fields with a crown style of athletic field grading to promote more effective surface water
runoff. Design 2 will implement subsurface perforated drainage piping to be laid out under each field to serve
as a means for collecting and directing infiltrated rain water into a nearby detention pond.

Arial view of site with elevation contours

Conducting topographical site survey
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South facing view of southern field
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The town of Thompson, CT is situated in the northeastern corner of Connecticut bordered by both
Massachusetts to the north and Rhode Island to the east. Home to an abundance of public trails and parks,
the town can easily be looked at as a haven for outdoors enthusiasts. One such park known as the Bull Hill
Recreation area sits within the Thompson village of North Grosvenor Dale. It consists of a 69.7-acre property
partially developed as two recreational fields and a hiking trail towards the periphery. Currently, the Bull Hill
Recreation Area serves its primary function as one of the hosts to the NECONN Soccer Club’s practices and
games. It also provides a local aviation club with space to fly model airplanes and acts as a park for the
general public. Following precipitation events, the low lying terrain and primarily level fields become completely
saturated contributing to frequent ponding and standing water on portions of the field, which hinders the site
from reaching its full utility throughout the year.

Team #5a: Town of Thompson
Salt Storage Facility
Sponsored by: Town of Thompson
Sponsor Advisor: Mary Ann Chinatti
Faculty Advisor: Dr. Jeongho Kim
From Left to Right: Christopher Aschmoneit,
Nicholas DellaBianca, Richard Breitenbach,
Jonathan Konkel

At the request of the town, we decided to design the site so that the old storage shed could be used
for other purposes. Keeping the old shed intact and constructing a new building adjacent to it would result in a
change to the site’s layout and topography. Part of our team is devoted to finding the new slope configurations,
rainwater management, and the site layout. There are special considerations that needed to be cared for on
this site including the presence of the Stoud Brook, located on the northwestern edge of the property. Material
is currently stored for the highway department along the tree line in the back of the property close to our
construction site so this material will need to be temporarily relocated both for construction and then to a final
storage location after the building and site work are complete.
The other part of our team is focusing on the structural design of the shed including the foundation and
a repeated truss structure. For the shed to efficiently move and store material there were certain height and
width restrictions that had to be considered. Our structures team performed a structural analysis model to
account for the worst case loading scenario the structure may experience from both weather and storage
activity.

60

CIVIL ENGINEERING

The Town of Thompson is interested in a conceptual design for a replacement salt storage facility to
be located behind the town’s Highway Department building. The current salt shed exists on this site and is in
need of replacement due to age, damage, and shortfalls in capacity. The current structure is able to hold
approximately 300 tons of salt storage at a time. On average the town needs to use 100 tons of salt per storm.
With several storms in a short period of time the town of Thompson has run out of salt and needed to rely on
surrounding towns’ or the state supply which can lead to a shortage of salt on the roads. With a new storage
facility that is capable of holding up to 700 tons of salt, the town would be able to avoid this problem in the
future.

Team 5B: Salt Shed Design for
the Town of Thompson, CT
Sponsored by: Town of Thompson
Sponsor Advisor: MaryAnn Chinatti, Town
Planner
Faculty Advisor: Professor Jeongho Kim

From Left: Vincent Mullin, Sean Meany, Shawn
Burns, Vladislav Radchenko

The site is located at the Town of Thompson’s highway department which is located on Buckley Hill Road right
next to stout brook which defines the property boarder to the west. A large portion of the property slopes
downward to the north. Runoff from the property must be redirected away from the building site in order to
protect the environment from contamination due to salt spillage.
The final building will be 60 feet by 130 feet and will house approximately 3000 Tons of salt. A lean-to will
extend off of both sides of the building at a height of 15 feet and width of 15 feet. The structure will have an
internal clearance height of 32 feet to allow the trucks to unload inside the building. The foundation will be
concrete with a thin layer of asphalt to protect the concrete from chemical erosion. The framework of the
building will be primarily composed of wood with steel connections. There will be two roll-up doors on the
structure, the main door which will be 12 feet wide and 30 feet high oriented directly towards Buckley Hill
Road. The side door will be 12 feet wide and 15 feet tall on the north east side of the building. The door
locations allow for a one way access lane for trucks to travel through during the winter season.
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The Town of Thompson has requested a new salt shed be designed to replace their old outdated facilities that
are currently in use. The structure will be large enough to store one season’s worth of salt, have an area inside
the structure designated for distribution truck loading, and enough headroom so the delivery trucks can dump
directly in the building. Additionally, the client would like a lean-to included in the design of the structure to
store outdoor equipment. The old storage sheds will be kept in place for additional equipment storage. The salt
shed will be constructed on the south-west side of the property.

Team #6A: 3-D Inundation Map
& Emergency Action Plan Risley Reservoir Dam Breach
Sponsored by: Torello Engineers, P.C.
Sponsor Advisor: Charles Elias
Left to Right: Eric Soucie, Brandon Rojas,
Paul Murphy, Christine Edlund

Risley Reservoir is classified as a Class B dam indicating that there is a potential loss of life in the event of a
dam breach. The dam is an earth fill structure approximately 625 feet long with a maximum depth of 26 feet
and a 42 feet long broad crested weir at the eastern most end. The maximum water capacity is 57.9 million
gallons and a 6-inch outlet pipe runs through the dam and discharges downstream in addition to the weir. The
first step consists of gathering all preliminary data including dam specifications, recent inspections,
topographic maps, construction plans, soil classifications, seepage rates, watershed maps, and data on 100year and 500-year storms. Once we input these into HEC-RAS software, a theoretical hydraulic breach was
superimposed over the watershed area and the hazardous zones were determined. Using this data and a
visual 3-Dimensional Inundation Map, an EAP was then created. There are a few considerations and
requirements in an EAP: it is necessary that those who do not need to evacuate do not leave, and there must
be a plan for varying degrees of scenarios. Lake Street is a mere 560 feet downstream with numerous
residences less than a mile downstream. Therefore, multiple worst-case scenarios were simulated.
A viable Emergency Action Plan was prepared using maps and calculations produced upon completion of a 3Dimensional Inundation Map generated using the Army Corps of Engineers’ hydrologic simulation program,
HEC-RAS. The main goal is to ensure the safety and well-being of the public. Preparing an EAP carries a
responsibility for the safety of hundreds of lives. Although the likelihood of a dam breach is limited to the
probability of a significant rain event occurring, the effect that a failure could have on the surrounding
watershed and the speed at which it occurs creates a situation that can go awry rapidly.

Projected dam breach watershed on
a topographic map

Risley Reservoir
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Predicting a flood is challenging; preparing for a flood is crucial. Using various resources from FEMA, the
Connecticut DEEP, the Town of Manchester and the Army Corps of Engineers, our team completed a
thorough and conclusive study on the effects of a potential dam breach at Risley Reservoir. We have prepared
a 3-Dimensional Inundation Map and Emergency Action Plan (EAP).

Team 6B: Dam Breach Analysis
for Upper
and Breach
Lower Case
Team
6B: Dam
Analysis
Dams
for
Upper and Lower Case
Dams

Sponsored by: Manchester Land Trust
Sponsor Advisor: Charles Elias
Sponsored by: Manchester Land Trust
Sponsor Advisor: Charles Elias

Jeffrey Young, Matthew Thivierge, Clayton Clark,
Jordan Chicano.
Jeffrey Young, Matthew Thivierge, Clayton Clark,
Jordan Chicano.

CTY Engineering has been contracted by the Manchester Land Trust to prepare the necessary information to
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even injury or loss of life. CTY Engineering has taken on the task of preparing a dam breach analysis and a
3D-inundation map for the Manchester area in hopes of saving money, and even lives, in the future.
The structure of an emergency action plan has several preliminary steps involved that CTY Engineering has
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product available.
information
needed to construct a final emergency action plan for the area. Our team at CTY Engineering has
evaluated any and all alternatives and is confident that we have presented the best, and most accurate
product available.
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Team 7: St Basil Church SuperStructure & Foundation Design
Sponsored by: St Basil Church Council
Sponsor Advisor: Spyro Condos
Faculty Advisor: Dr. Amvrossios C. Bagtzoglou
Shane Olson, Shane Agostino, Alexander
Gonzalez, Kristen Malec, James Peak, Eriol
Begolli, Jeffrey Steiner

Through research and investigation the team has decided to go with a mix of timber and steel elements for the
super-structure. An analysis on the structural members was performed utilizing the SAP2000 structural design
program. The program allows for the application of various load combinations to the members of the structure.
The application of these loads provides a set of results that describes anticipated deflections of the involved
members. This information was used to properly size structural members, whose weight had to be factored
into the design of the foundation. It was determined that the most appropriate foundation for this addition
would be a reinforced concrete mat that encompassed the entire footprint of the building. The foundation must
be below the frost line, which in the state of Connecticut is relatively deep; therefore, the design had to
compensate for that large depth. Another consideration that had to be addressed was the foundation under the
bell tower because of high concentrated loads. Due to these loads, the mat foundation under the bell tower will
be designed to prevent failure. The computer software StructurePoint Mat was used to analyze the validity of
the hand calculated mat foundation design as well. Due to complex systems within the superstructure of the
project, ABAQUS, a finite element software, was used to analyze microscale effects of the applied loads. This
was specifically used for the design of the bell tower dome because of the nonlinear loads that are occurring at
this point.
The combination of the steel and timber super structure along with the mat foundation was the most
economical choice given the soil quality and environmental conditions as well as adhering to the architectural

Figure 1: Proposed exterior as rendered
by the architect

Figure 2: SAP model of superstructure
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Figure 3: ABAQUS model of bell tower dome
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The objective of the Saint Basil Greek Orthodox Church project is to create a comprehensive, cost-effective
design that complies with architectural plans, as provided by Kenneth Boroson Architects. The design is that of
an addition to the existing church at 1 Tower Lane in New Haven, CT. The project includes the construction of
a new ~5000 sf structure for the St Basil Greek Orthodox Church community. The soil analysis has indicated
the presence of a thick layer of tidal marsh deposits, and other low bearing capacity soils. This project will
require an analysis of the proposed superstructure and foundation, as well as any potential impacts upon the
existing church.

Team 8A: Town of Mansfield:
Sidewalk and Retaining Wall
Design at the Senior Center
Sponsored by: Mansfield Town Hall
Sponsor Advisor: John Carrington, Town Engineer
Derek Dilaj, Assistant Town Engineer
Faculty Advisor: John Ivan
From left to right: Conor Robyn, Todd Burley,
Alicia Gomez, Linde Thatcher

Our senior design project consists of five main parts: the design and replacement of the retaining wall,
the design of a new bus turnaround, the design of new drainage, the design of new ground material, and the
design and replacement of sidewalks surrounding the Mansfield Senior Center.
For the retaining wall, the current structure is made out of wood and is eroding, making the area
surrounding the building unsafe, due to the hill behind the current structure. We plan to replace this section of
the wall with versa-lok stone, designing a new wall and adjusting the location to better fit the area. Our plan is
to use the current wood to create a gardening section for use by the Senior Center members and staff.
For the bus turnaround, we plan to reconstruct the current island area, to provide easier access to the
bus-stop location, as well as add a crosswalk crossing the parking lot, to make it safer for the members to
access the bus stop from the building. The design for this bus stop includes considering the dimensions of a
bus turnaround radius, in order to provide easy turn access to the bus.
We plan to update the current drainage system, by adding more connecting pipes to the existing
system, in order to allow for the system to function for the given area. The current system often floods and is
eroding the edge of the building, so we plan to design a pipe extension to the current network, so that the
system is able to function properly.
The land surrounding the main building is a mix of grass and sidewalk, which is greatly difficult for the
elderly residents of the Senior Center to navigate. We plan to replace the grass area with hardscaping, in
order to allow easier access to the entire area. We plan to design a smooth, flat surface to accommodate
everyone.
The sidewalks surrounding the Senior Center building need to be replaced and brought to current
Americans with Disability Act (ADA) standards. The existing sidewalks are not flat, have many cracks and
bumps, and are not at the proper slope to meet the ADA standards. We plan to replace the entire sidewalk
system surrounding the building with a new sidewalk that meets the ADA standards.

Figure 1: Aerial Photo of Site
Misalignment

Figure 2: Current Eroding Retaining Wall
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Figure 3: Current Sidewalk

Team 8B
Mansfield Multi-Use Path
Sponsored by: Town of Mansfield
Sponsor Advisor: Professor Ivan
(From left to right): Dennis Gehring, Megan
Leether, Nicholas Welsh, Michael Ryan

The proposed multi-use path design will meet the current and future demands of pedestrian and bicycle traffic.
The path will deliver a safe method of transportation for pedestrians and bicyclists to travel along Storrs Road.
The final design will consist of a six-foot wide asphalt path on the southbound side of Storrs Road and
recommendations for a retaining wall to accommodate the significant grading along the road.
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The Town of Mansfield has expressed a need for improved connectivity between the neighborhoods and
shopping centers located off of Storrs Road near the Windham town line. Their publication, Mansfield
Tomorrow: Plan of Conservation and Development, identifies the residents’ desire for growth in neighborhoods
while not disrupting the rural areas. It also notes the interest in walking and biking throughout different parts of
town. Mansfield Tomorrow indicates future Mixed Use Center developments along Storrs Road between
Conantville Road and Route 6 as well as Compact Residential developments in nearby neighborhoods. To
account for the residents’ requests as well as the future development in this area, a multi-use path should be
constructed to along Storrs Road to connect the Puddin Lane and Conantville Road neighborhoods with
current and future shopping districts. The path will provide adequate access for nearby residents and
contribute to the long-term vision of the Town of Mansfield.

Team 9A: Hillyndale Road
Bridge/Culvert Design
Sponsored by: Town of Mansfield, John
Carrington, Town Engineer
Sponsor Advisor: Sarira Motaref
BC Engineers team members from Right to Left:
John Beatty, Benjamin Bruciati, Ryan Hughes, Cole
DeDonato

BC Engineers collected preliminary site data (surveying, water flow history, and current culvert dimensions).
An embedded precast concrete box or pipe culvert will be proposed. Sizing will be slightly smaller than the
existing culvert, but will still accommodate the flood waters. These new designs will also incorporate a natural
stream bed to satisfy Aquatic Organism Passage and limit debris build-up.
Comprehensive research and analysis must be conducted in order to create a reliable structure that will satisfy
every requirement put forward. All the options for the most efficient structure will be considered and the top
choices will be presented to the client to ensure all goals were met. The client will receive detailed design
drawings, constructions and cost estimations for all project alternatives, and a final report summarizing the
calculations and research that has been completed by BC Engineers.
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The Hillyndale Culvert, carrying the Eagleville brook, is located 1.15 miles away from Gampel pavilion and
about 100 feet from the intersection with North Eagleville Road. The current culvert is not satisfying various
state and federal requirements and is in need of a redesign. The culvert does not satisfy the Federal Aquatic
Organism Passage because the bottom of the culvert is badly corroded and one end is perched above the
water level not allowing organisms to pass. BC Engineers was tasked with the project to provide a serviceable
design that will meet all the current requirements.
At minimum, this bridge/culvert design must satisfy the current and future needs of the waterway along with
supporting the safety of Hillyndale road and its travelers. The new design should support the current water flow
without any substantial changes in the water flow up, or downstream. In addition, peak water flow, predicted
from the 100/500-year flood data obtained from USGS should be considered in the new design. The Hillyndale
Culvert is located in a Significant Natural Community Zone, and it is essential; to ensure that the safety of
biodiversity and Aquatic Organism Passage are satisfied. The current culvert already intrudes on a citizen's
property, no significant change to this intrusion should occur. While assessing the construction of the project,
an entire road closure may be warranted. Closing the road would still leave citizen’s access to their homes.
The traffic that passes on Hillyndale road is not of a high volume and the diverted traffic would be handled by
the surrounding roads.

Team 9B:
Culvert Design on Birch Road
in Mansfield, CT
Sponsored by: Town of Mansfield
Sponsor Advisor: John Carrington, Town Engineer
Client Supervisor: Derek Dilaj, Assistant Town Engineer
Faculty Advisor: Sarira Motaref

From left to right: Juyuan Lu, Nathaniel Lapp,
Johncarlo Zangrilli, Kevin Masse

Impeding of normal flow by potential ice and debris accumulation should be avoided per-Federal Highway
Administration (FHWA) guideline. Given the bog is upstream of the culvert, and the walking trail are both state
owned and protected by the Department of Energy and Environmental Protection (DEEP), an effort to
minimize environmental impacts both during installation and long-term use is required. Furthermore, the
culvert design must be up to code for the passage of local aquatic organism. Parameters such as cost of
construction, the limit on upstream water surface elevation, the roadway embankment height, and hydraulic
performance should be considered in the determination of the shape and size of the culvert.
A concrete box culvert will be designed based on the existing surveyed area to create a functional culvert
system. The box culvert design will address the debris build up, and with the new dimensions increase the
maximum flow by approximately 27%. In order to increase flow, concrete winged walls will also be considered
and implemented in the design based on cost. Detailed drawings, construction equipment, costs estimates,
project schedule, detour requirements, and a complete design report will be provided.

Existing culvert damage

Location on Birch Rd.
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Current debris blocking flow
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The town of Mansfield, Connecticut is in need of a new culvert on Birch Road to replace the existing culvert.
The existing culvert is inadequate and reaching the end of its service life, creating problems that need to be
fixed. The current culvert consists of two plastic pipes side-by-side, each four feet in diameter, connecting a
wetland to the Nelson Brook, a small stream the wetland flows into. The current culvert system is susceptible
to debris build up, and is not large enough to handle the flow of water during heavy rain due to its design.
Since the road above the culvert is already at a low point compared to the rest of the surrounding area, this
results in flooding of the road making it unpassable. The fill placed beneath the pipes has also been rendered
inadequate by the weather, therefore replacement is necessary. Birch Road is the main road connecting the
main University of Connecticut campus with the much less used Depot campus roughly two miles away. With
the potential expansion of the Depot campus, it is important to address the problems the current culvert is
experiencing and improve upon them with a new culvert.

Team 10: Conversion of
Unimproved Road
Sponsored by: Town of Mansfield
Sponsor Advisor: John Carrington, PE
Academic Advisor: Karthik Konduri
From left to right: Jack Speer, Dylan Carlson,
Joshua Yoon, and Matheus Salles

The first and most important improvement to this road is widening the road to provide drivers with adequate
space to drive in both directions. In addition, the plans include improvements to the existing drainage system,
improved pavement conditions, improvements in grading, and lastly improvements in roadside safety. In order
to meet standards for the Town of Mansfield, the residential through street will be widened to 26’ with a 3’
snow shoulder. Maintenance will be conducted to clear existing clogged culverts. In order to address drainage
issues, a swale design and small improvements in site grading will provide efficient drainage along the road as
well as providing an aesthetically pleasing look. In terms of road pavement, a lot of low cost and high cost
paving alternatives were developed. The low cost alternative involves leaving the road unpaved, and providing
adequate and regular filling and compacting. The high cost alternative implements asphalt pavement across
this section of Coventry Road. Lastly, improvements to roadside safety will add lane striping to promote safety
between vehicular traffic and pedestrians. The addition of metal beam rails along edges of the road where
there is a deep drop will also be implemented. These improvements will ensure that Coventry Road will be a
safe, efficient, and visually appealing road.
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The preservation or even rehabilitation of roadways is essential throughout every city. Proper maintenance
ensures that roads remain up to the respective city’s standards as well as providing commuters with ideal
roadway traveling conditions such as comfort and convenience while keeping safety in mind as well. The Town
of Mansfield has contacted us to design the conversion of an unimproved road, Coventry Road. Work begins
at a truck turnaround located at the intersection of Coventry Road and Browns Road and extends to about 0.7
miles (3696 feet) northwest. The section of road considered for improvement is mostly gravel / granular with
several potholes along the stretch. While the road itself is of low volume with the heaviest load being that of
school buses and delivery trucks, it is very narrow causing oncoming traffic to pull over in order to let cars
pass. Other than the existing issues already presented, the road lacks an effective drainage system. The Town
of Mansfield has proposed a subdivision that they intend to construct along the road sometime in the future,
which will be facilitated through the conversion of the unimproved road.

Team 11: North Eagleville
Team 11: North Eagleville
Brook: Flood Analysis
Brook: Flood Analysis

Sponsored by: Town of Mansfield
Sponsored
by: Town
of Mansfield
Sponsor
Advisor:
Dr. Anagnostou, Emmanouil N.
Sponsor Advisor: Dr. Anagnostou, Emmanouil N.
From left to right: Zach Peterson, Warisha Iqbal,
Wilson
and
Benjamin
Patch Iqbal,
From leftJohn
to right:
Zach
Peterson,
Warisha
John Wilson and Benjamin Patch
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Team #12: Offshore and
Coastal Project: Analysis and
Design of Finger Piers
Sponsored by: COWI Marine North America
Sponsor Advisor: Alex Mora
Faculty Advisor: Dr. Wei Zhang

Left to Right: Christopher Luongo, Audrey Turcotte,
Avis Carrero, Georgina Talbot

To design the most cost effective structure that will safely support the crane and the self-weight of the
superstructure, the analysis will consider several applied loads and their combinations. The dead load includes
the weight of the concrete superstructure, the curb and any other fixed attachments. The structure will be
designed for a uniform distributed live load of 1000 psf or the movement and weight of the crane, plus the
vessel it will carry. A lateral live load of 59,690 lbs will be considered to account for breaking and operation,
and a vertical live load of 596,900 lbs accounts for the weight of the crane, applied at each corner of the crane.
Additional loads to be considered include wave loads and environmental loads, such as rain and snow.
Seismic loads will be taken into account based on code, location, soil and occupancy category. The
superstructure will be a reinforced concrete deck with a concrete curb, and the foundation will be steel pipe
piles. The top of the steel pipe piles will be filled with concrete and steel reinforcement to generate the
connection with the concrete pile caps.
The design will be based on ASCE 7-05, as this edition corresponds with the Unified Facilities Criteria (UFC)
Design: Piers and Wharves, dated January 24, 2017. UFC will be referenced to account for specific
considerations necessary for designing piers. The code being followed for concrete design is ACI 318-14,
th
along with the 14 Edition of the American Institute of Steel Construction (AISC) Manual for steel design. US
customary units will be used in conducting the design and analysis.
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This senior design project focuses on the analysis and design of a new concrete-framed pier with a steel pile
foundation, including two finger piers at the offshore end of a location on the East River in New York City. The
Shipyard requires this new structure for movement of the New York City ferries that service the East River. In
order to accomplish this, the piers will have to handle the weight of a Model 600C Marine Travelift crane to
transport ferries from land to water and vice versa.

Team 13: Stafford Springs
Roundabout and Main Street
Redevelopment Study
Sponsored by: Town of Stafford, CT
Sponsor Advisors: Dennis C. Milanovich, Town
of Stafford; Matthew Skelly, P.E., Fuss &
O’Neill; Dr. Norman Garrick, UConn

Adam Weber, Kevin Ellis, Michael Crimmins,
Corey Burroughs

The area described comprises what is commonly referred to as downtown Stafford Springs. This area is home
to an iconic downtown roundabout, a freight rail line, and a high percentage of heavy vehicle traffic, all
encompassed within a traditional New England Main Street. This study aims to research the interaction of
these facets of the neighborhood with the people who use them, and how to best continue to develop the area
and maximize its potential.
The existing downtown layout presents several opportunities for improvement in roadway geometry and
pedestrian amenities. Sidewalks can be widened, bump-outs can be added at crosswalks, and driving lanes
can be narrowed to slow down vehicle speeds. The roundabout’s geometry can be modified such that the
approaches encourage slower speeds and proper usage concerning right-of-way. Traffic calming elements
combined with improved pedestrian facilities will make the downtown area a more walkable and safer place.
The Town of Stafford will be presented with four concept drawings. Each drawing will present a different
proposal to the Town for creating a sense of place, providing adequate pedestrian facilities, and improving
traffic circulation and safety. The four drawings feature minor street improvements, a redesign of the
roundabout, a one-way box circling the downtown area, and a shared space within the downtown district. The
Town will have the opportunity to select the designs in each drawing that they believe will be best for the
downtown area.
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The limits of study for this project encompass an area in the Town of Stafford, Connecticut spanning from
River Road at the crossing of the Willimantic River north approximately 0.1 miles to the intersection of Furnace
Avenue and Silver Street, and from the roundabout intersection of Main Street and River Road west for
approximately 0.25 miles to the intersection of Main Street, West Main Street, and Park Street.
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Team 1:
Device Security System
Sponsored by: Synchrony Financial
Sponsor Advisors: Daniel Murphy & Jake Miller
Faculty Advisor: Dr. Chun-Hsi Huang
From left to right: Adrian Anthony II, Tsan Lee,
Alan Peng, Xiguang Liu and Tianyi Wang

Synchrony Financial wanted an upgrade to its device security storage. The requirements for the new security
system were as follows: physically securing the devices from unauthorized actors, identifying employees as
authorized users, allowing authorized users to access the devices, and keeping track of the devices’ statuses
as they are removed from storage. The physical security is done via an electronic lock connected to an
authentication system. The identification of employees is done via the same authentication system, which uses
biometrics and passwords. The authorization of access to the devices is controlled by the system interacting
with the lock. The verification of the devices’ presences in the secure storage is made possible by way of an
NFC scanner and a database. The database also interacts with another senior design team’s device request
system. The interaction of the two systems is kept consistent by giving priority to device requests over those
taken out on-site. The system also allows administrative overrides and access to a log of operations it has
performed.
The security system is made up of an electronic lock, a fingerprint scanner, an NFC scanner, a camera, a
Raspberry Pi, a touch screen, and a database. The lock secures the door of the storage. The fingerprint
scanner is used to register and test biometric data from the authorized users. The NFC (near-field
communication) scanner is used to identify particular devices and change their states in the database. The
camera is used to record the user that made use of the storage and to enable administrative override of the
security system. The Raspberry Pi is the processor driving all the devices and the user interface, and the
touch screen is what enables the user interface. The user interface, as well as all of the code for the system is
written in Python, using the Tkinter library. The database is written via MySQL and is used to hold both the
device data and the data of the authorized users.
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Synchrony Financial is an 84-year-old consumer financing company with the heart of a startup. Synchrony is
pioneering the future of financing which now includes products across many devices and digital mediums. In
order to equip their employees with all the latest technology used by customers, Synchrony allows employees
to check out mobile devices such as laptops, phones, and tablets, to test their products.

Team 2: Synchrony Financial
Mobile Device Tracking System
Sponsored by: Synchrony Financial
Sponsor Advisor: Daniel Murphy
Faculty Advisor: Dr. Yufeng Wu
From left to right: Maegan Dyakiw,
Connor Jackson, Adam Claxton, John
Costa III, and Brianna Boyce

With this new system, requests, approvals, status updates, reminders, and printing labels could all be handled
by this application. This system will be simpler for employees to request devices and for administrators to
approve or reject device requests or add them to a waitlist. The administrator can query the database and
check the status of devices. If a device is checked out, they may be added to a waitlist, or choose a different
device to request. There will also be a feature to track where devices are on a map of the world. This can be a
useful visual to show where the devices are going in an international corporation. Overall, this system will
make all steps of device tracking easier and more efficient.
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Synchrony Financial is an 84 year old consumer financing company with the heart of a startup. Synchrony is
pioneering the future of financing which now includes products across many devices and digital mediums. In
order to equip their employees with all the latest technology used by customers, Synchrony allows employees
to check out mobile devices such as laptops, phones, and tablets to test their products. Synchrony currently
tracks their mobile devices manually in an Excel spreadsheet, and this process can be tedious. With a new
system, the process of requesting, ordering and approving mobile devices will become easier, quicker and
more efficient. Our Java web application will use a MySQL database for backend, a Java application layer, and
HTML, JavaScript and CSS with Bootstrap as the framework. The Pivotal Cloud Foundry service is used to
host the website in a more agile fashion. The system would be very similar to a library, where a patron can see
the library’s inventory, request a book for some amount of time, and then return the book to the library. The
user may request additional time with their product, return it early, and receive reminders on due dates.

Team 3: Insight
Sponsored by: Team Members
Faculty Advisor: Dr. Yufeng Wu

Left to right: Ryan Arnold, Blake Apatow, Mike
Lento, Tom Smith-LaFemina, and Karl Lassy

Our solution is Insight. Upon opening Insight, a user is directed to a map view of their current location where
they are able to input information about their current location, confirm information about their current location,
or check the current condition of locations near or far. The app’s focus is on creating an interconnected realtime ‘view’ of different locations in the area. Our initial launch area is UConn but this idea can be applied to
other campuses or urban areas.
There is currently no popular or effective means to check the current crowd conditions of a location in your
area. Conditions can and do surprise, inconvenience and frustrate students frequently. We provide an easily
accessible, user-friendly mobile application that allows users to check the conditions of a location without
having to physically visit or know someone attending.
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Over the course of our undergraduate experience, students consistently complain about the inconveniences
they face by not knowing the current crowd conditions of locations on and around campus. We recently saw
two students walk into the gym and find the bottom floor weight room completely packed and a line of several
students to use any of the machines. They left the gym in frustration. Walking circles around the floors of the
library in search of an open table is a common occurrence during mid-semester peak periods and finals week.
Restaurants and bars on campus fluctuate in popularity in a seemingly random schedule. Certain times or
days are fun and interesting but then boring at the same time the next week. The unifying problem in each of
these situations is that there is currently no way to know what is going on in an area unless you have direct
communication with someone physically there or you are there yourself. This pain point for people on campus
can be mitigated by creating a service that allows users to add feedback on the current conditions of a location
and for other users to see that information and use it to their advantage in planning their activities.

Team 4: Transactional
Document Pattern Matching
Sponsored by: Pitney Bowes
Sponsor Advisors: Paul Mayer and Bob Laprade
Faculty Advisor: Dr. Swapna Gokhale
From left to right: Max Wright, Jack Bonadies,
Daniel Turgeon, Joshua Eller and Alan Bergquist

Research was performed leading to finding an open source program that could find the locations of text in the
pdf file, help with optical character recognition, and find whitespace. From this and our knowledge of regular
expressions, special strings of text that can be used to define a search pattern, we could more easily and
reliably find the key information we were looking for. Developing a proof-of-concept using these methods, we
were able to extract relevant information from sample documents provided by Pitney Bowes and we were
satisfied. To further improve our delivery we looked into a database in order to match documents previously
used for input. This involved using software to match key text and logo coordinates from the input to a small
database.
This project spanned many areas in computer science and computer engineering including deterministic finite
automata, application programing interfaces, and optical character recognition. Deterministic finite automata
were defined to implement regular expressions to match a defined language of text and phrases, in this case
customer accounts, names, and addresses. An application programming interface to communicate with PDF
documents was developed in order to extract coordinates of text and whitespace. Optical character
recognition is a field within artificial intelligence to extract text from images so that they can later be searched
or manipulated. This was essential as the files given to us were not plain text, they were scans of mail.
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Pitney Bowes is a company dedicated to finding commerce solutions. For this reason the company often
receives massive sets of mail with extraneous information. Thus, a solution needed to be developed in order to
automatically find key information from the mail including addresses and names as well as finding a place to
put a barcode. Given PDF files of all of the documents the company receives, a program would need to be
developed that can recognize names and addresses, find whitespace, and split up documents in a logical way.

Team 5: Cyber Security and
Integrity with Embedded
Systems
Sponsored by: Pratt & Whitney
Sponsor Advisors: David Howland, Scott Beecher,
Jason Posniak
Faculty Advisor: Dr. Bing Wang

From left to right: James Park, Ryan Mack, Matt
Arnold, Ryan Carmellini and Dylan Mousch

The key challenges in designing a secure end-to-end delivery system came from the variety and scale of endpoints that needed to be secured. Our solution must support large-scale distribution to field devices that may
be located at many geographic locations. In addition, our solution needs to retrofit legacy field devices that
may not have high computation capabilities. We have used state-of-the-art security techniques to ensure that
our secure delivery system meets these requirements. Specifically, the solution uses a combination of
symmetric and asymmetric cryptography techniques as well as digital signatures to provide confidentiality,
data integrity, and authentication. Using these techniques we have been able to design a secure and scalable
end-to-end delivery system.
We have built a prototype using off-the-shelf devices to demonstrate and evaluate the performance of our
solution. We use OpenSSL, an open source encryption system to encrypt and authenticate files. Open
Source software allows us to verify the security claims because the source code is readily available. Our
prototype uses Amazon AWS as a storage server for encrypted keys and software files. Using a custom
Python-based protocol we are able to communicate between a field-deployable tablet loader and an
embedded system for software delivery. We used a microcontroller to simulate the embedded systems
located in the field and a Linux-based tablet, which is consistent with what is currently used by P&W.
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Pratt & Whitney is an aerospace manufacturer with operations worldwide. They create state-of-the-art engines
and turbines for civil and military applications. The premise of our Senior Design Project is to evaluate a
loadable software delivery process, research cutting edge technologies related to the process and then design
a robust end-to-end delivery method for sensitive software to be installed on embedded systems in the
field. We have worked closely with Pratt & Whitney to replicate their environment and assess vulnerabilities in
the process and have applied industry standard solutions to counter these risks.

Team 6: Zlotnick1
Sponsored by: Zlotnick Construction, Inc.
Sponsor Advisor: Gregory Zlotnick
Faculty Advisor: Dr. Song Han
From left to right: Ektedar Alam, Steven Tang, Cindy
Lin, Sebastian Colorado and Ryan O’Conner

Our project integrates with the database (SQL Server) of the existing commercial tool Viewpoint for acquiring
basic data as well as store the information entered through our developed system in a separate database. The
viewpoint database consists of important information such as equipment related phase codes, payroll and
employee information. The application must give the administrators capabilities of accessing and modifying
existing database so that information on the front-end is consistent. When using our application, the user must
first login with their credentials. Depending on administrative permission of the account, they will have access
to certain projects, limited information, and depending on their role, they will be given different responsibilities
to handle. The administrators will have the responsibility of assigning new accounts with permissions and
projects.
This project is paired with Team 7 (Zlotnick Data Analysis and Results Visualization) who are developing a
data analysis tool. Their application will use information acquired from the front-end to compare real time data
to detect inconsistencies, budget overrun/underrun, profit/loss or any other anomalies.
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Zlotnick Construction is one of the foremost contractors in New England. They have a vast number of projects
for the private as well as public sectors. Throughout the years, processing data records have become
significantly difficult with numerous ongoing projects. The majority of the information and data are currently
processed and handled through paper, however, Zlotnick Construction has been expressing an interest to
digitize this process. For our senior design project, we are implementing and deploying a front-end data
acquisition app for teams working in-the-field. Specifically, on constructions that need to be reported on a daily
basis. Some examples would include, the work description, usage of equipment, consumables, materials and
human labor as it relates to specific activities on the site.

Team 7: Zlotnick Data Analysis
and Results Visualization
Sponsored by: Zlotnick Construction, Inc.
Sponsor Advisor: Gregory Zlotnick
Faculty Advisor: Dr. Song Han
From left to right: Linfei Xie, Yan Zhu,
Qiyu Li,PHOTO
Tsz YanGOES
WongHERE
and Nick Barber

Our Sponsor, Zlotnick Construction, is a company that has sustained their reputation as being one of the
foremost contractors in the New England region. Through slow and strategic growth, the company has grown
to service regions from New Jersey to Maine and completes projects ranging in size from $1,000 to
$20,000,000. They work in fields such as retail, commercial, medical, and industrial, and have partners such
as PriceRite, Costco, PriceChopper, Staples, Walmart, as well as others.
Zlotnick has a system with defined rules and procedures for construction projects. For each project, the
company’s estimators will generate an estimation based on the requirements and costs such as equipment,
labor, and materials. After these estimations are entered in an Excel file, the project will begin as planned and
the company’s accounting department will have to manually enter them in a construction software called Vista
by ViewPoint to generate financial reports. In addition, throughout the course of a project, accounting will also
manually enter detailed information about many of real costs corresponding to those described in the estimate.
Prior to our involvement, it was not possible to match estimated and real costs for a given project, not only
across broad domains such as equipment, labor, and materials, but also across more refined fields, known as
opcodes, referring to specific tasks such as concrete and electrical wiring. Without these capabilities, it was
difficult if not impossible for managers working on the site to have a sense of whether or not they were on
schedule. Not being able to anticipate difficulties in advance was one of the main obstacles for Zlotnick in
remaining under budget and ahead of schedule across many of their construction projects.
Specifically, the goal of our project has been to work with another front-end development team to build a
system capable of monitoring the progress of the projects that the company is currently working on. Our task
was to augment the capabilities of the other team and employ their collected data through data analysis and
reporting tools which could compare and contrast forecasted project estimates, both in time and financial
terms, with completion estimates, progress-cost tracking, and actual resource usage to detect anomalies,
deviations or surprises that may arise within a large-scale construction project. Our intent has been to provide
the management level of the company techniques including differential analysis, time-based analysis, and
progress rate, to name a few. Our final product will provide both textual and visual results to our client.
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Team 8: Geographical
Representation of Network
Usage at UConn
Sponsored by: University Information Technology
Services (UITS)
Sponsor Advisor: Lara Juenger
Faculty Advisor: Dr. Chun-Hsi Huang

From left to right: Patryk Rus,
Christopher Byars, Alexandra Augustak,
Asher Solomon and Abel Matthews

Before trying to re-structure or change the network infrastructure, it is important that data is first collected and
analyzed to better understand how and what should be done. While a lot of basic information is readily available
(number of ports, physical locations of ports) there is a lot more information that is required to make an informed
decision. Things like the demographics of the users as well as the types of space that the network infrastructure
is supporting are valuable assets in deciding where to focus efforts and developments.
Our Senior Design Project addresses these issues with a web application. Our web application will allow UITS
staff and other authorized users to be able to see network traffic trends on an easy to read graphical image. By
collecting data regarding the number of users at wireless access points, as well as demographics regarding
users at both wireless points and wired ports, UITS will be able to better understand where they should focus
their efforts and how to better use space so that departments and faculty who have greater network demands
can be better outfitted. Our web application will provide multiple services. These include things such as a graph
showing the total number of active users on the network, a geographical map of the Storrs campus outlining
where the largest number of users are located, and a detailed view of the floor plans of the buildings themselves.
The floor plans will be a critical part of the application as they will allow UITS to see wired port usage in a building
with filters that highlight faculty and their respective departments to better understand who is using these
networks. The web application will be collecting data at certain time intervals, and will be logged to allow
discoveries of trends in network usage. With all these tools at their disposal, UITS will be able to make informed
decisions on future network infrastructure changes.
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As the University of Connecticut expands and enrolls more students each year, it is important that the
infrastructure of the network at UConn is able to adequately meet the demands and needs of the student and
faculty body across its campus. Currently, the university’s network consists of approximately 100,000 data
access switch ports and only utilizes about 25% of them. This shows that the capacity of the network greatly
exceeds demand, and reconstructuring is possible to achieve a higher level of efficiency.

Team 9: SAIT Student Affairs
Case Management System
Sponsored by: UConn Student Affairs Information
Technology
Sponsor Advisor: Valerie Puffet-Michel
Faculty Advisor: Dr. Swapna Gokhale

From left to right: Bryant Molloy, Nihar Devineni,
Kyle Gain, Daljit Sharma and Roberto Gentile

Because of this, the goal of this project is to create a division wide case management system to simplify
communication. Through this software, faculty and staff will be able to create contacts and notes to
communicate and record information as needed for case work. These contacts can include other faculty,
students, staff, and can even be extended to include people outside of the university such as police officers,
landlords, etc. Notes can include information about meetings, uploaded files, and various contact information.
Contacts and notes within the system can be kept private to a specific user or department(s) in the case of
personal information. Students, as well, will be able to access the system to communicate to specific
departments as needed. As an example, a student in need of additional time on a test will be able to submit a
doctor’s note to the Center for Students with Disabilities via S.A.M.
In order to implement this project, the Student Affairs Information Technology department provided a collection
of tools that they currently use to facilitate future maintenance and improvements. Technologies such as
Python, SQLServer, Linux, Pyramid as a web framework, jQuery, and others were used in conjunction with the
Agile work format to make a project similar to those found in the industry today.
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The University of Connecticut Student Affairs division encompasses most of the non-academic branches of the
University. These branches regularly communicate with students, faculty, and staff on a daily basis. Currently,
each branch keeps track of their contacts either on paper or using their own case management software. This
is an inefficient system for such a large division of the University, and makes interdepartmental case work
more difficult.

Team: 10
Modular Security Framework
Sponsored by: University Information Technology
Services (UITS)
Sponsor Advisors: Jason Pufahl, Stephen Lincoln
Faculty Advisor: Dr. Chun-Hsi Huang
From left to right: David Engel, Nathan
Ramdial, Gavin Li, Kyle Heitman, and Tony
Pham

The webpage is the front-end of our project and is how most users will interact with the application. The
webpage uses PHP to access the framework’s API functions, allowing users to search student and faculty via
ID or email, access logs from databases, and resolve any issues found by security applications. The webpage
also has real time notifications of any issues found by the applications. The page centralizes all processes and
notifications from several different UITS databases to one location for easier access.
The API has functions useful for security applications that are built in. This supports modifications to existing
processes and creation of new procedures. Applications that identify fraudulent use of University ID’s are built
using the framework API. These applications take user access and locational data and predict the likelihood of
a security breach based on frequency of logins and change in geographical coordinates over time. The central
controller runs each security application listed in its script as its own process and monitors the status of the
process. This isolates each application and allows them to run independently of each other, providing
modularity. Both applications act as a proof of concept for the use of the API’s functions and are also working
additions to UITS’ security arsenal.
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The UITS workflow currently requires manual log file lookup, analysis, and action for any potential security
threats concerning University ID’s. The goal of the project is to automate this workflow by implementing a
framework that establishes a central multi-processing controller. This controller will monitor and regulate all
running security applications, provide an API to extend upon UITS’ ability to modify and create new
functionality for their applications, and implement a front-end web client that delivers notifications, visualization
of data, and control over all applications. The framework is written in Python 2.7.1 and the webpage is
implemented in HTML with most of its functionality written in PHP.

Team 11: Healthcare Data
Mobile App via Fast Healthcare
Interoperability Resources
Sponsored by: UConn Health Family Medicine and CSE
Sponsor Advisor: Dr. Thomas Agresta
Faculty Advisor: Dr. Steven A. Demurjian
From left to right: Geoffrey Cheng, Amy Franzis,
Angela Onofrio and Adam Toris

The project developed a healthcare data mobile app that is able to interact with Google Fit, Apple Healthkit,
the OpenEMR electronic medical record, and the Microsoft HealthVault Personal Health Record. This was
accomplished by:
• Designed and developed a FHIR RESTful API that is able to load/store data into Google Fit. This will
require utilizing the Google Fit API.
• Designed and developed a FHIR RESTful API that is able to load/store data into Apple Healthkit. This
will require utilizing the Apple Healthkit API. Note there is a FHIR effort ongoing in Objective-C.
• Designed and developed a FHIR RESTful API that is able to load/store data into OpenEMR via the
OpenEMR API.
• Designed and developed a FHIR RESTful API that is able to load/store data into Microsoft HealthVault
via a C# API.
The mobile app utilizes an API UI framework that leverages HTML5, CSS, and JavaScript to generate iOS and
Android apps from one code-based.
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The purpose of the SDP is to explore all of these different issues utilizing a variety of health information
technology standards, frameworks, and systems in order to develop a healthcare data mobile health (mHealth)
app that is able to gather information from multiple sources utilizing FHIR, Fast Healthcare Interoperability
Resources. FHIR provide a RESTful Application Program Interface (API) to share data in a common format.
FHIR conceptualizes and abstracts information for HL7 into Resources that effectively decompose HL7 into
logical components for information usage and exchange. This will provide patients with the ability to: manage
health/medical/fitness/chronic disease data across a wide range of applications (may be both mobile and webbased) that involve separate and independent repositories; and, share information with family members (child
care, elder care, spousal care), nutritionists, personal trainers, therapists (physical, occupational, pulmonary),
home health care aides, internist, family medicine MD, nurse practitioner, physician assistants, pediatricians,
cardiologists, ENTs, orthopedic surgeons, physiatrist, phycologist, therapist, etc.

Team 12: Auerfarm Mobile App
for the 4-H Education Center at
Auerfarm
Sponsored by: UConn Extension & Auerfarm
Sponsor Advisors: Jen Cushman and Beth Bye
Faculty Advisor: Dr. Steven A. Demurjian
From left to right: Anders Fogelberg, Mike Donohue,
Emilio Volpe and David Dardik

The Mobile Application for the 4-H Education Center at Auerfarm is an application for both Android and iOS
whose main purpose is to enhance the educational experience of visitors of the 4-H Education Center at
Auerfarm as well as contribute to the farm’s mission: to connect people, agriculture, and the environment
through education and recreation. The application does this through several different features:
 An interactive map of the property including trails, gardens, animals, etc. where users can select
landmarks, plants, animals, and facilities to display more information (pictures, identification, origin,
description, fun facts, etc.).
 Ability for visitors to submit questions, comments, or request more information through the app interface.
 Interaction of the mobile app with Instagram and Facebook.
 Ability for staff to post news and upcoming events.
Users of the app include: members of the community using the application while visiting the farm who would
like to know more about the plants, animals, or landmarks around them, see cool locations to check out during
their visit, or submit questions/comments relating to the farm; members of the community using the application
outside of the property to view any updates or upcoming events, see information about the different plants,
animals, landmarks on the farm, or contact the staff to request more information; and
Auerfarm staff using the application to provide the community with any Auerfarm news/information/updates,
answer visitor’s questions, and add/update descriptions of the different aspects of the farm.
The application was developed using web based technologies like HTML, CSS, JS, and APIs for Google Maps
(for the interactive map), Facebook, and Instagram (to help contribute to Auerfarm’s presence on
Facebook/Instagram). Apache Cordova is used for mobile deployment on both iOS and Android.
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The 4-H Education Center at Auerfarm is 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.

Team 13: Flow Mobile App for
Groundwater Flow Modeling
Sponsored by: UConn Natural Resources and the
Environment
Sponsor Advisor: Dr. Gary A. Robbins
Faculty Advisor: Dr. Steven A. Demurjian
*Set as Arial italic, 12pt, gray color as shown

From left to right: Zachary Alberts, John Scipion,
Mahir Rana and Gustavo Evangelista

The project developed, Flow is an application that builds on the model created by Robbins, but creates a
better aesthetic look and feel, improving the user interface (UI) design. The Flow applications market
demographics is for students in college courses all over the world, who will use this tool for training.
The Flow app has an input interface for inputting boundary head conditions, a grid that measures 20 horizontal
by 10 vertical, a graphic map of the grid for inputting horizontal and vertical hydraulic conductivity values and
porosity values. The output would be a graph of contour lines and flow lines. The flow lines would also show
distance traveled given a set time of interest. Using the Finite Difference Model, a combination of groundwater
and mathematical laws, we can create realistic models on screen that represent what would occur in the real
world.
The technologies that we used for the app include HTML, CSS, and AngularJS to create the basic functionality
and aesthetics of the application. We also implemented Bootstrap and Ionic to make a responsive webpage,
capable of adapting depending on screen size. For the server side of our application we used MySQL
database.

87

COMPUTER SCIENCE & ENGINEERING

Groundwater flow modeling is an important tool in hydrogeology that is utilized to predict how groundwater
flows (the direction, rate and quantity) and also used to establish water well protection zones and to clean up
groundwater contamination. The use of such models typically has a long curve. Some years ago, Prof.
Robbins found a model that was very easy to use and for students to learn. The model is a finite difference
model. Version 5.1 was published in 1983 and developed by H. Van Elburg, G.B. Engelen and C.J. Hemker in
cooperation with the Institute of Earth Sciences at the Free University of Amsterdam, the Netherlands
(address: C.J. Hemker, Elandsgracht 83, 1016 TR Amsterdam, Netherlands). The model is a 2D finite
difference code with input grid and output contour graphics. The original app runs on DOS and written in
Fortran so the app is very outdated. The Finite Difference Model uses a combination of different groundwater
laws such as Darcy’s Law and the Continuity Formula. One of the main efforts in this work was to reengineer
and recode the Finite Difference Model so that it would be accessible by mobile Flow app.

Team 14: Wello Mobile App for
Connecticut Well Completion
Reports

Sponsored by: UConn Natural Resources and the
Environment
Sponsor Advisor: Dr. Gary A. Robbins
Faculty Advisor: Dr. Steven A. Demurjian

From left to right: Erik Lindsay, Arif Prabawa,
Mathew Fox, Shivani Dandekar and Juhi Nadella

When a user signs into Wello they are immediately brought to google maps. They can search for different
wells in the area or search for a specific well. The wells can be searched using longitude/latitude points or
through their physical addresses based on their town or street address. This app supports use from
administrators, well owners or contractors. Contractors and administrators have the special option to add a
well by clicking on the plus sign. This will take them to the well completion reports screen that allows them to
add information into the different fields provided and will then send them through the server into the database.
This information will then be accessible to all of the users to view. Some other features also provided in the
application is the ability to take photographs and to send out alerts to certain well users.
The phone application will be created using the PhoneGap as the framework. This allows it to be made in both
iOS and Android. HTML and CSS was used to create the application along with PHP and AJAX. The database
was created by taking the Access database and transferring it to MySQL and tweaking it by adding more
queries.
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The Wello mobile app is designed for the user to enter and view Well Completion reports. For background,
when a contractor drills a well, they enter well details into a completion report that describes the characteristics
of the well, which include; location, depth to rock, depth of well, etc. Unlike many other states, the completion
reports for Connecticut are in paper copies or tiff files and no statewide digital database exists to easily access
well information. There are likely more than 400,000 wells in the state. A current Access database developed
by Prof. Robbins and assistant Meredith Metcalf at ECSU, has approximately 4000 wells in the Coventry
Quadrangle. There are also separate databases for wells in Stamford and Lebanon. The Wello mobile app
allows users to view the location and characteristics of a well, which can be used by drillers, homeowners and
environmental regulators. With respect to the latter, imagine a truck carrying gasoline turns over and spills its
contents into the ground. If the regulators had such an app, they would know where the nearest affected wells
were. We would like to develop a prototype that can be used to approach the state to get funding for a
statewide effort.

Team 15: Citizen Science Bat
Mobile App
Sponsored by: UConn Natural Resources and the
Environment
Sponsor Advisor: Dr. Laura Cisneros
Faculty Advisor: Dr. Steven A. Demurjian
From left to right: Anthony Parziale, Rhyza
Velasco, Elizabeth Pelletier, Kyle Robertson,
Lindsay Reindl and Nick Monteleone







Description on the importance and motivation of the project background on bat species
Instructions on how to build and install a bat house
Instructions on the bat house monitoring process
Capability to collect initial information on a bat house including: GPS location, environmental variables, unique
identifiers, and a photo of the bat house
Capability to collect continuous data where the citizen scientists visit the bat house once a month from May to
September to survey the bats using Echo Meter Touch units. They can record ultrasonic calls of bats as they
leave the bat house

The Citizen Science Mobile Bat Application needs to be compatible with both Android and iOS devices. We will be
developing it in a studio that allows for cross platform development and coding. This ensures our application will
be easy to maintain and there will be lots of overlap between the Android and iOS versions. The data collected will
be organized into a relational data model that is suitable for a Mongo Database. This database will be secured and
only accessible with proper credentials. Data will be ensured for accuracy before entering, and therefore be
regarded as clean. Access to this database will be through a created RESTful API. An integral aspect of the Bat
Mobile Application is the account creation and login process. To securely allow users access to account creation,
we will utilize OpenID as the authentication protocol using pre-existing accounts the users may have (Google,
Facebook, etc.). User information must also be protected confidentially. Personal information is necessary for
account creation and authentication and must be secured.
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The Citizen Science Bat Mobile Application aids citizen scientists in becoming bat biologists and contributing to the
Connecticut bat house monitoring program. The goal of the citizen science bat house monitoring project is to learn
how different environments and landscapes influence the occupancy of bat boxes by different bat species. The
mobile application will also contribute to statewide monitoring efforts. The app provides citizen scientists with the
following capabilities:

Team 16: Hospital Monitoring &
Tracking System
Sponsored by: UConn CSE Department
Faculty Advisor: Dr. Dong-Guk Shin
From left to right: Connor Leeman, Andras
Palfi, Andrew Tran and Brandon Haas

There are three core sections to the project. First, a Raspberry Pi is being used to create the RFID scanner
that will scan patient wristbands. The Raspberry Pi utilizes an ITEAD PN 532 NFC module via UART
configuration. The low level SDK “libnfc” is used to program and connect the scanner to the other core
components of the CPS. The scanner has the ability to read all RFID/NFC tags and has a maximum range of
approximately 3 centimeters. Second, a server with a MySQL database is being used to store all patient and
doctor information utilized by the CPS. The database along with a REST API implemented on the server’s
back-end will be responsible for handling all data requests and responses between the scanner, applications,
and database. Third, a user interface in terms of an iOS mobile application and a web client is being used to
view and update the retrieved patient information. The iOS application is the main user interface for dealing
with the CPS and will work on both iPhones and iPads. The web client has full functionality as well, similar to
the iOS application, and will be accessible with any web browser.
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This project utilizes radio frequency identification (RFID) technology to create a cyber-physical system (CPS)
which aims to improve the way hospitals track and maintain patient data. In many hospitals, doctors and
nurses still use clipboards, paper, and pen to track and record their patient information. Although this system
has been in place for a long time, there are clearly many flaws with its functionality. The degree of human error
is uncontrollable and can potentially have life threatening effects if not carefully reviewed. This project is an
attempt to create a new system to replace and improve the current operational procedures carried out in
today’s hospitals. The idea is to create a scanner that has the ability to scan wristbands that are worn by the
patients. Upon scanning the wristband, doctors and nurses will be able to retrieve patient information, as well
as update that information via a mobile application or web client. Patients will also have access to a mobile
user interface where they can enter their login information, retrieve test results, and track their progress.

Team #17: PlantPal – Plant
Recognition Mobile Application
Sponsored by: UCONN CSE Department
Faculty Advisor: Dr. Dong-Guk Shin

From left to right: Quincy Chapman,
Alexander Raffone, Efrain Goyzueta,
Patrick Korianski and Gabriel Borges

PlantPal tackles the problem of object recognition with application to plants. While it might be easy for a
human to tell the difference between a tulip and a sunflower, the problem is non-trivial when applied to
computing. To solve this, our group applied a very deep convolutional neural network. With training, the
network can accurately recognize a wide scope of different types of plants.
The backend for the mobile application works as follows. Once a picture is submitted, it is sent to a server
where the image is submitted to the network for analysis. The network returns several top results, along with a
probability (i.e. 76% chance of being a sunflower). The relevant results are sent back to the user (along with a
couple stock images for identification) to allow them to select which plant is probably theirs. Once selected, the
submitted image is stored in our database for two purposes. One is to be tied to the user, so they can look up
their history of plants they’ve submitted. The second purpose is to continually collect more training data for the
network. This will allow the network to become more accurate the more people continue to use it!
The frontend for the mobile application has a few different functions. First and foremost, the application has
the functionality for a user to take a picture, submit it for analysis, and display the results in a way that is
engaging. There is also functionality pre-built into the app to tie into other websites to provide a way for the
user to purchase any plants they have recognized themselves. This gives PlantPal a strong potential business
application.

A basic Neural network with 1 Hidden
layer. Our network uses 16 layers!

Our Main PlantPal Logo
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PlantPal is a mobile application that can instantly recognize and classify a wide variety of plants, as well as
provide extensive information and a clear description about them. All of this can be done by simply taking a
picture of the plant in question and hitting submit. The seamless interface provides a simple solution to an
otherwise complex problem. If you have ever struggled to recognize poison ivy while on a hike, noticed a
strange flower in a garden or just want to pursue knowledge of the plant kingdom, PlantPal is the perfect
solution.

Team 18: Interactive Voice
Recognition System
Sponsored by: UConn CSE Department
Faculty Advisor: Dr. Dong-Guk Shin

From left to right: William Chin, Matthew Beaulieu,
Anthony Dell’Agli and Christopher Saunders

The process of voice recognition requires breaking down an utterance into a sequence of sounds and
determining how they can be connected into a word, phrase, or sentence. This requires three separate models
working together. The acoustic model tells the system what each phoneme sounds like. A phoneme is the
smallest building block of speech, a single sound. When we speak, those phonemes get strung together in a
sequence to make a word. The phonetic model provides a key for converting a sequence of phonemes into a
word in our vocabulary. However, we have some words in our languages which are indistinguishable from
each other. To remedy this issue, the language model provides context for making a grammatically valid
phrase or sentence. It uses the rules of grammar and statistics to narrow the hypothesis to a normal sentence
in our language. There is always some uncertainty within each model, but the combination of these three
models work together to lower the overall uncertainty, resulting in a better solution. The voice recognition
system of LISA* is powered by CMU Sphinx, an open source project developed by Carnegie Mellon University.
Specifically, a JavaScript version called PocketSphinx.js. It is able to run entirely in the browser and provides
all three models, as well as the ability to edit or redefine the phonetic and language models. LISA*
automatically builds a language model from our commands list and faithfully executes an action based on
result.
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Our voice recognition system, LISA* (Listening Intently and Serving Automatically), is a web application that
allows users to define specific voice commands and assign a process of actions to these commands. LISA*
was originally built to improve the user experience on the University’s data visualization tool. The UConn CSE
department built a data visualization tool to handle the medical data of hundreds of patients. The tool is a web
application that allows a user to diagram a gene and create graphs to compare patients. Each diagram and
graph takes a fair amount of time to create since there are many options to choose from. LISA* allows the user
to speak a sentence to create what originally took minutes. In addition to working on the University’s tool,
LISA* also works on normal webpages. The user can diagram a gene as easily as they can update their social
media.

Team 19: CIDER – Core Internal
Data and Evaluation Resource
Sponsored by: UConn Center for Open Research
Resources and Equipment
Sponsor Advisor: Dr. Dan Schwartz
Faculty Advisor: Dr. Bing Wang

From left to right: Christian Kuntz, Alicia Affinito,
Mark Bluemer, Aaron Huang, John Bojorquez and
Domenick D’Onofrio

The main problem was that each facility had their own web form, and some facilities did not even have a web
form; instead, they resort to pencil and paper. The most prominent problem was the complex information flow
in regards to billing. After the web form was submitted by the user, the facility director would manually process
the data into an excel sheet in a format acceptable by Kuali, the UConn financial/billing system. With CIDER,
the process of reserving and paying for resources is streamlined so that 1) facility directors don’t have to waste
time processing web forms, and 2) there is less room for error. We predict that other schools may have similar
issues with billing and resource management. As a result, this software is open source so that other schools
can modify it for their own needs.
The software for CIDER consists of a React (library for JavaScript, HTML, CSS) front end and PHP back end
with a MySQL database. We translated the real world model to a database design that was flexible and
modifiable in the future. This had to be remedied with many entity relationship diagrams and with migrations in
the software. Additionally, we interfaced CIDER with the existing SOAP API provided by the university’s
financial system, which was a challenge due to the complexity and the lack of documentation. This required
additional processing of CIDER data into XML files formatted for the Kuali team to be able to handle.
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The center for open research, resources and equipment (CORE) currently offers information about using
services offered by various research facilities on campus. In most cases, the prospective user of a resource
would follow an external link to that facility’s web page, and then fill out a web form so that the director of that
particular facility can keep track of how much to bill the user, as well as various statistics, such as the revenue
over a period of time, revenue per service, the total number of users, along with many other metrics that the
director of a facility may want.

Team 20: Real-Time Analytics
Platform for Industrial Process
Monitoring and Control
Sponsored by: UConn CSE Department
Faculty Advisor: Dr. Song Han
From left to right: Hunter Carpenter, Alex
Devaux, Janus Manlapaz and Daniel Tsoy

To interface with and monitor such a large, ever-growing set of plant resources, our team plans to create a webbased analytics studio capable of supporting large-scale continuous data analytics in real time. The studio will
feature two parts, one dedicated to monitoring sensory information in real time, and the second part that provides
a simple interface for users with limited programming abilities to efficiently process information and interact with
the Industrial Internet-of-Things. The web application will be accessible by any device with internet connectivity
(tablet, smartphone, computer) but is intended for desktop computer use.
For the monitoring application, users will be able to monitor different sites of the industrial plant, create monitoring
presets for each zone, and create and view real-time data as it comes in from the server or directly from the data
flow system. This tool aims to improve the standards for industrial process monitoring, while also providing an
intuitive interface to easily view and manage data from many different sources.
The main feature of the analytics studio is the “code builder”, a work area that has visual representations of code
fragments. The user can select these “blocks” that represent data sources, analytical filters, output formats, and
other important process monitoring tools. Then, the user can combine these blocks to create executable
programs.
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The current solution for industrial process monitoring and control systems is inefficient and outdated. Sensory
data is initially archived in historians, then processed by an analytics application. Unfortunately, this system does
not process data with low enough latency to allow for a real-time monitoring of these environments. In addition,
it is becoming progressively more difficult to utilize all of the information generated by the Industrial Internet-ofThings efficiently, especially without extensive programming knowledge.

Team 21: Historical Storm
Analysis Tool
Sponsored by: UConn CSE Department
Faculty Advisor: Dr. Swapna Gokhale
From left to right: Joseph Amedeo, Andrew Guerra,
Samah Saeed, Jordan Force, and Matthew Nelson

To accomplish this task, the project will demonstrate data using the three following formats: tables, graphs and
maps. Each format will be supported by a query system, a powerful database search tool. This tool will allow
users to specify constraints on the searched data. For example, a user might want to return all storms that
caused more than $10,000 in property damage in 1976. By using the querying tool the user can specify these
constraints, and the system will only return results matching that specified criteria. Returned data can be
displayed in several ways, the first and most simple way will be through a table. The table will show you the
raw data queried from the database. This table can be manipulated via sorting by column header, removal of
columns, and limiting row display to prevent overcrowded pages. In addition to the table, the user will also be
able to view a graph of any variables that they want. For example, the user could compare the frequency of 10
different storms occurring in Connecticut in a specific 20-year period. This will allow the user to easily view and
identify trends in the data by quickly looking at a graph. Lastly, this tool will generate a heat map to help
display the storms that have occurred in the Unites States. We are using the Google Maps API and our own
visualization methods to demonstrate storms in a visually appealing and easy to navigate way.
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The Historical Storm Analysis Tool is a website application that can be used to help interpret data from the
National Climate Data Center (NCDC) Storm Events Database. The NCDC is a database created and
maintained by the National Weather Server (NWS) and the National Oceanic and Atmospheric Administration
(NOAA). The database includes detailed information about every storm that has occurred within the United
States since 1950. Some of the information included are: storm date, time, state, county, event type, injuries,
deaths, property damage, magnitude, location, and many more. Our goal with the Historical Storm Analysis
Tool is to make all of the data from the NCDC database easily accessible to our users.

Team 22: User-Interface for Copy
Number Variation Detection
Sponsored by: UConn CSE Department
Faculty Advisors: Dr. Sheida Nabavi, Dr. Dong-Guk Shin
From left to right: Dylan Leonard, Denis
Vritov, David Karwowski and Michaela Forte

Copy number variation data alone does not provide researchers enough information to draw any meaningful
conclusions. It is necessary to visualize both CNV-specific data alongside general genome data across multiple
samples to begin to see more meaningful patterns. CNVisualization is being built to support researchers studying
copy number variation patterns of breast cancer samples. As such, the platform will support CNV-specific and
general genome data visualization abilities across multiple regular and tumor samples, allowing for the most
effective CNV visualizations.
CNVisualization will be an open-source platform which can be easily hosted on a user’s own server, offering a
convenient alternative to desktop-only applications. The platform is being built on top of the existing JavaScriptbased Integrative Genome Browser, which will allow it to perform as each user may need it to, as well as allow it
to be integrated with other web tools, resulting in a customized experience for each user. CNVisualization aims to
be a customizable, scalable web tool that will allow each user to tweak it as needed for their personal
requirements. By incorporating general genome web browser capability, CNVisualization can be as simple or as
complex as each user needs by allowing users to upload and select data they wish to visualize, add and remove
visualization tracks easily, and aggregate sample data into one file for convenient visualization in one track.

Left to right: CNVisualization, CNVCurator, IGV.js Genome Browser
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CNVisualization is a web-based genome visualization tool which offers a tailored copy number variation
visualization experience. Copy number variation (CNV) is an occurrence in which certain areas of the human
genome are repeated, and in which these repetitions vary across individuals. Copy number data on its own does
not provide much value to researchers, which is why tools such as CNVisualization must give these researchers
the ability to view, interact with, and better analyze CNV data. CNVisualization achieves this by offering the highlevel convenience of a lightweight, web-based genome browser, with features and functionality tailored to
studying CNV data in particular. By providing the end-user with a fast, interactive genome browser that offers
detailed CNV-specific visualizations such as CNV segmentation, CNV regions, and CNV Log R ratios, users can
visualize relevant CNV data alongside other relevant genome data such as alignments and read counts.

Team 23: Android Application
Risk Assessment and Analysis
Sponsored by: UConn CSE Department
Sponsor Advisor: Dr. Abdelfattah Amamra
Faculty Advisor: Dr. Yufeng Wu

From left to right: Francis McKiernan,
Vincent Chov, Jonathan Meier,
Nathan Sattar and Andrew Thivierge

Our application allows users to submit Google Play applications for review to our server by sharing the Play
Store link for the application in question to our risk analyzer. This request is then processed by a remote
server, which fetches the application in question from an APK aggregator. The application in question is then
searched for potentially harmful permissions and exploits regarding private user data, and then returns a risk
factor score of 0-5 to advise a user of the potential risk of an application, 5 being the most severe. The
application in question is rated on the permissions it requests along with its behavior. Identification tags are
also taken into account; for example, a music player should not need access to contacts and SMS/MMS
messages, while a messaging application would require such access.
While the analysis informs the user of potential issues regarding the requested application, it does not prevent
the user from downloading the application. The user may still choose to download a high-risk application as it
may be necessary to the user; our application only provides an analysis and advises the user given the
potential risk of an application, allowing a user to make an informed decision.
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Android applications are constantly being developed and updated on the Google Play store, allowing
developers to upload apps available for all users to download as needed. Upon submitting an application to
Google Play, the submission is checked for forms of malware. However, users are subject to more risks than
simply malware. Android applications allow the use of many phone features that interact with private data.
Although applications currently list the permissions for features that are required for full functionality, these
features may be exploited to collect personal data on users without their explicit consent. Without a proper
explanation to each permission, a user has to assume that a feature required by the application is necessary
for the application’s functionality. This is a massive security risk, as many users lack the resources, time, and
knowledge to check the exact behavior of an application by viewing the application’s code. Using our risk
assessment algorithm, a user will be able to see if an application has the potential to covertly collect data or is
likely safe to use.

Team 24: Distributed Computing
on the Blockchain: Electronic
Pollbooks over Ethereum
Sponsored by: UConn Center for Voting Technology
Research
Sponsor Advisor: Dr. Alexander Schwarzmann
Faculty Advisors: Dr. Alexander Russell, Dr. Laurent
Michel

From left to right: Jessica Li, Lauren Biernacki,
Aimee DiPietro and Sheryl Choi

A blockchain is made up of a series of cryptographically signed blocks that encapsulate both data and a pointer
to the previous block, similar to a singly-linked list. The data contains events that occurred during a certain time
period, allowing the blockchain to form a sequential record 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. For example, all updates to the blockchain are broadcasted to the entire
network. Ethereum is resilient in the face of packet losses as well as adversaries engaging in its protocols. In
particular, dishonest users cannot change the history of the system without agreement from a majority.
Therefore, the system remains secure as long as a majority of the community remains honest. Furthermore,
since all nodes have a copy of the records, this distributed architecture is fault tolerant. Nodes can leave and
rejoin the network at any time without impact on the system.
Poll workers interact with the blockchain through a user-friendly Android application. When checking in a voter,
the worker can search for records using the license or social security numbers. The application then queries the
blockchain to check if that person is authorized to vote. The voter’s status is relayed back to the poll worker
operating the tablet to allow the voter to proceed to the voting booth.
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An electronic pollbook is a computerized system that aims to replace the traditional paper-based voter check-in
process. In addition to the susceptibility for human error, a considerable disadvantage of the paper based
method is the time-consuming search needed to locate each voter record. While an electronic pollbook
provides greater convenience to a poll worker, it is not trivial to implement, since it must be secure, fault
tolerant, and guarantee correctness. Our implementation leverages Ethereum, a platform that abstracts Bitcoin
style blockchains, to create a reliable, distributed system that does not have a single point of failure.

Team 25: An Electronic Survey
System
Sponsored by: UConn CSE Department
Faculty Advisor: Dr. Swapna Gokhale, Dr. Sanguthevar
Rajasekaran
From left to right: Daniel Fasciano, James
Donlevy, Michael Wicks and Alexander Kennedy

Our goal is to bridge the gap between the company and the consumer by using an online surveying website,
Surv it. This website has many useful features that can help the company follow the progress of their
products. First and foremost, it allows companies to create surveys that can be adapted to any product or
service. With a simple, yet powerful, GUI that allows for maximum customization getting product feedback
becomes simple. Surv it gives the company serious tools to examine the feedback in real time, such as:
charts and graphs, a feed of recently submitted surveys, and a score of how successful a product is based on
its feedback. Like with the survey creation tools, there is a large set of tools at a company’s disposal for
filtering and viewing the data, giving the company as many options as possible in order to display the data in a
way to maximize usability. Surv it also features a method to catalogue products and their associated
surveys. These features are only what is on the surface.
The true power of the website lies in its ability to adapt to any company. With a myriad of options for surveys
and data, companies will be able to: see key trends in feedback, determine which surveys to use for specific
types of customers, and add their logo and product pictures for their clients. Surv it can provide the security
that bigger companies need and the simplicity that small business love. Just as the internet brought shopping
away from the store, Surv it will bring the customer service desk to the internet.
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With the not-so-recent boom in online shopping, customers have been taken away from business places and
can now buy goods or services without ever leaving the house. With the sheer amount of products being sold,
online companies are significantly outperforming physical stores. With the buyers at home, the sellers are left
with a perplexing question: How do we know if they like our product? Furthermore, online companies want to
know how they can improve or change the product to better fit the needs of their clients.

Team 26: Personal Cardiac
Arrhythmia Detection via Smart
Wearables
Sponsored by: Cigna
Sponsor Advisor: Steve Mastrianni
Faculty Advisor: Dr. Bing Wang
From left to right: Dalton Miner, Dale GallowayHaggett, Eric van Heel, Scott Cote and Daniel
Almanzar

Leveraging technology to detect cardiac arrhythmia can help Cigna, a Health Services company, improve their
customer’s health, well-being, and quality of life. Prevention and early detection are key strategies aimed at
reducing costs for all parties. Besides cost advantages, a customer may spend less time ill or in the hospital,
which is invaluable.
In this senior design project, we’ve collaborated with Cigna to develop an approach that uses smart wearables
for personalized cardiac arrhythmia detection. Several technologies, sensors, and algorithms have been
evaluated to determine best performance and lowest cost of production. Specifically, we’ve developed several
customized wearable prototypes with a PPG (photoplethysmogram) sensor and compared the results to off-theshelf wearables capable of providing heart rate data. The wearables transmit data through Bluetooth to a
smartphone app that we’ve developed, which collects and stores the data in activity logs and provides easy-touse interfaces that display heart rate over time. More importantly, the app alerts the user if any interruption in
their normal heart rhythm occurs (using researched and tested detection algorithms). Our current tests and
results are promising, but still show room for improvement in developing a superior arrhythmia detection
algorithm.
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A cardiac arrhythmia, in its most general definition is an irregularity in one’s heartbeat. It is in most forms a
sudden increase or decrease in the distance between heart beats which then returns to its “normal” rhythm
(normal refers to the individual’s current heart rate). An arrhythmia can be an indication of a more serious heart
problem, even in people who are healthy and exercise regularly. However, arrhythmias often go unnoticed
unless consulted by a physician or cardiologist administering an ECG/EKG (electrocardiogram) test.
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Qualtech Systems, Inc. (QSI) ® is a Connecticut-based company that produces system modeling
software specializing in the field of fault detection. Qualtech’s modeling program, TEAMSDesigner™, provides tools for users to create complex models with various input and output
parameters designed to detect failure probabilities, module interdependencies, required technical
repair skill-sets, repair costs and more. A similar program that some of QSI’s customers use is
MathWork’s MATLAB Simulink which is used to simulate the mathematics of complex systems.
Both modeling software’s use similar features, but at their roots have fundamentally different
approaches to modeling and testing these systems. The details of their similarities lie in their use of
eXtensible Markup Language (XML) to organize and store their models. XML documents are built
with specific style and structure, which give them the capacity to compare and ultimately convert
from one style to another. As both Simulink and TEAMS-Designer can store their models in an XML
file format, a translation document can convert from one XML structure format to the other.
The goal of this project was to design a process that can transform a Simulink model XML into a
TEAMS-Designer XML while maintaining the maximum integrity of the original Simulink model. To
do this we needed to use XML’s capability for transformation, the eXtensible Stylesheet Language
Transformation (XSLT) which takes the XML of one model and converts it into an XML with a
different structure. In order to begin working on the XSLT, we had to understand the concepts of
eXtensible Stylesheet Language (XSL) and the three components that make it up: XSLT, XPath,
and XQuery. Each of these components has its specific role in transforming the XML. The most
important part of XSL is XSLT, which defines how the actual transformation is performed. XPath
provides the syntax for a XSLT to navigate the elements and attributes of a XML. XQuery is a
language for searching and extracting elements and attributes from XML documents. Using these
tools, a model can be accurately and efficiently converted without the need to spend time manually
translating it into the new software.
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Team #1703: Power Factor
Correction Input Circuit
Sponsored by: Lenze of Americas
Sponsor Advisor: Christopher Johnson
Faculty Advisor: Prof. Ali Bazzi
From left to right: Kevin Wong, Paul Glaze, Ethan
Hotchkiss, and Jethro Baliao

Power factor correction can be exercised in various ways which consist of capacitor banks,
synchronous condensers, and power electronics. Using purely capacitive power factor correction or
synchronous condensers correct only the displacement power factor. However, power electronics are the most
recent addition to the ecosystem of electricity but have an advantage by correcting both distortion and
displacement power factor. Its small footprint can allow AC-DC rectification coupled with a power factor
correction DC-DC converter which results in a power draw very close to unity power factor.
For this project, we are to design and build a circuit that will improve power factor input for a Variable
Frequency Drive (VFD) provided by Lenze through a DC to DC converter. The boost converter is the DC to DC
topology and will be connectable to both a prebuilt IC (ICE3PCS01G) and a microcontroller in order to control
the circuit. This allows for greater efficiency given the same input which is important for Lenze to stay
competitive as well as saving costs for their customers.
The PFC circuit is to convert 120VAC to 325VDC with a true power factor of 0.95 for max continuous
power of 1472 watts or about 2.0 hp. We must also consider the noise induced by the switching and design a
filter to eliminate it. Lenze has stressed that they are looking for a power factor circuit to use for their variable
frequency drives in order to reduce peak input current. Introducing this technology will also allow for greater
flexibility of input conditions.
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Power factor is an extremely important element in various electrical systems. We can see it as a ratio
between the apparent power versus the real power we get out of it. The main goal of power factor correction is
to reach a level where power factor is close to 1. To do so, reducing the reactive power consumed by an
inductive load or produced by a capacitive load is necessary. It is important to note the difference between
distortion power factor and displacement power factor. Displacement power factor is only the phase difference
between the current and voltage. On the other hand distortion power factor is the component related to the
shape of the current waveform.

Team 1704: Software Defined
Implementation of Underwater
Acoustic Modem
Sponsored by: The Mitre Corporation
Sponsor Advisor: Dr. Peter Willett
From left to right: Joseph Hamlin, Michael White,
Dan Wilbanks, and Kevin Buczko

This project explores the use of a software defined radio (SDR) to create a platform for rapid testing of
acoustic channels. The SDRs can be programmed with modular signal processing blocks using the GNURadio
programming platform. Unlike radios implemented in hardware, the SDRs easily allow for changes to be made
to the modulation and demodulation of signals. This platform will allow for quick probing of acoustic channels
in order to characterize a particular underwater environment in addition to quick testing of different techniques
for overcoming some of the challenges particular to a location.
Our hardware setup consists of receiving and transmitting SDRs, two acoustic hydrophones, and hardware
peripherals used to amplify and filter signals. This platform can be built at a relatively low cost and with widely
available hardware. All signal processing can be implemented using open source software.

Above: (Top to bottom) baseband signal, carrier signal, modulated signal,
and frequency domain representation of 10 kHz binary phase shift key
(BPSK) waveform. (Generated using GNURadio).
Right: Receiving setup consisting of SDR, Bandpass filter/amplifier, and
hydrophone.
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The underwater acoustic environment is an extremely challenging communications channel. The low speed of
sound, large amounts of Doppler shift and delay, and inconsistent topology of the seafloor make it difficult to
establish a reliable data link. Furthermore, in the underwater acoustic environment there is a very limited
bandwidth; at low frequencies there is high noise and at high frequencies there is a lot of attenuation. For
these reasons, development of transmitting and receiving technologies for the underwater acoustic
environment has been slow.

Team 1705: PHD Test System
Sponsored by: Eemax
Sponsor Advisor: Helena Silva

Kyle Parshall, Richard Felten, Anton Razhov
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Eemax is a company that designs and manufactures tankless water heaters, with their main line of
products incorporating Parabolic Heat Design (PHD). PHD tankless water heaters incorporate up to six water
heating chambers, with each chamber holding two parabolic shaped heating channels through which the water
flows. The parabolic shape of the heating chamber allows the water to have a larger contact area with the
heating coil. This design leads to increased power density and efficiency, while also excelling at heating water
to very precise temperatures which fall within one degree tolerance of the intended temperature. The power
ratings for PHD tankless water heaters range from 10kW-150kW for a variety of commercial and residential
applications.
Currently, the control system is tested only after final assembly of the water heater. If a component
malfunctions, the heater must be partially disassembled, repaired and retested. This process is very time
inefficient and costly, so Eemax has tasked Team 1705 with creating a testing platform which can test each
component of the control system before entering the production phase. This setup will reduce time spent
diagnosing faulty parts and increase the overall reliability of the assembled product, which in turn will allow
Eemax to sell higher quality water heaters.
The components which make up the control system and require testing include a maximum of two
thermistors, six electrical cut-off switches, six infrared detector boards, three dual-triac solid state relays, three
main contactors and the main control board. Each component fits inside the test rig which is designed by the
mechanical engineering team. The test rig consists of a temperature controlled water heating system which is
needed to verify the functionality of the temperature sensitive components, along with all the circuitry needed
to test every component. A computer with a touch screen monitor is used to allow the operator to easily
conduct the required tests and view corresponding results. The computer Graphical User Interface (GUI)
interfaces with a microcontroller to conduct testing. When results are obtained, they are automatically stored in
a database for product traceability and data analysis. GUI software is coded using C# in Visual Studio, the
database is created and maintained using MySQL and microcontroller code is written using Atmel Studio.

Team 1706: RF Laser Probe of
SAW Devices using COTS
Hardware
Sponsored by: Phonon Corporation
Sponsor Advisors: Max Madore and Scott Kraft
Faculty Advisor: Helena Silva

(left to right): Anthony Ciacci, Victoria Bean,
Matthew Bove, Paul Molinaro.

Figure 1: Block diagram of system

Figure 2: Wafers
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Figure 3: Probability Graph
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Surface Acoustic Wave (SAW) devices operate by propagating matter waves through
piezoelectric crystals. These waves are used to carry information in a multitude of communication
and signal processing applications. Laser probing techniques are often used as a diagnostic tool
to measure the properties of the propagating SAW.
We attempted to build a laser probe using the rail system and optical carriage of
commercially available Blu-Ray players and determined the detection limits of such a probe.
Phonon Corporation assigned this project in an effort to reduce cost and promote ease of use
over typical systems. The laser probe follows the basic block diagram shown in Figure 1. The
carriage of the optical set-up and rail system were used to create the XY mount, and the motor
was controlled using an Arduino.
The optical carriage measures surface displacements using interferometry. They are
designed to measure uniform pits on the surface of a CD that result in a displacement of half of
the wavelength of the laser. This displacement causes perfect destructive interference in the laser
beam, which registers as a digital low. In the absence of any path length difference of the two
beams, the detector registers a digital high.
The goal of the measurement was to create a snapshot of a wave propagating through
the crystal. This was done using a signal generator to create a wave in the crystal and the optical
system measured the displacement at a particular point. The laser was then repositioned and
another wave identical to the first was transmitted through the crystal. The laser made another
measurement at the new point while the wave was at the same stage of transmission as the
previous measurement. This was repeated until the wave at all points in the crystal was defined.
Using the displacement and the distance between the two beams, the slope at any point was
calculated. The laser and SAW device were modulated at the same frequency so that they were
in tune with each other and we got a static surface picture.

Team 1707: Automated Test
Fixture for Angular
Displacement Transducers
Sponsored by: Trans-Tek Incorporated
Sponsor Advisor: Dr. Ali Bazzi
Left to right: Dr. Ali Bazzi (Advisor), Michal Zielinski,
Shane Keney, Andrew DiGiugno, Michael Caiafa

The test fixture was first modeled in SOLIDWORKS. A vertical design was chosen for both ease of use and
promotion of symmetry; the latter of which helps keep the fixture stable. The physical fixture was constructed
primarily of aluminum, as it is both pliable upon manufacture and durable. To mount the ADT into this fixture,
the user must first choose one of the two mounting brackets and couplings, corresponding to the two ADT
models manufactured by Trans-Tek. The ADT shaft must be positioned within ±90° of the marked null position.
To lock into place, mounting screws are inserted into each side of the fixture, and fed through the fixture until
contact is made with the ADT. After it is properly mounted, the ADT is connected to the pre-existing test
setup, and the test is run. Test instructions are written in Visual Basic; these instructions include aligning the
ADT shaft to its null position, rotating the shaft throughout the ADT’s stroke, polling the output voltage at
predetermined intervals, and computing the linearity. Rotating the shaft is done by sending predefined
commands to the motor over the serial bus. By default, the voltage is polled in whole-degree increments,
although the user may define a different resolution if necessary. Computation of an ADT’s linearity is done by
running the recorded data through Trans-Tek’s pre-existing proprietary software. The resulting values and
curves are output to the user, and are used primarily to construct data sheets for Trans-Tek’s clients.

108

ELECTRICAL & COMPUTER ENGINEERING

Trans-Tek Inc. is a manufacturer of a variety of transducers. Chiefly among them are Angular Displacement
Transducers (ADTs), which convert an angular displacement into an electrical signal. When manufactured,
these transducers are calibrated to a known set of specifications. To test this calibration, Trans-Tek Inc. used
a manual, hand-operated test fixture with 120 reference points. In short, the ADT was locked into the fixture,
connected to a digital multi-meter, measured of voltage, and rotated within the fixture. This was then repeated
119 times. As a result, this procedure was time-consuming and prone to user error. Therefore, the scope of
this project was to design an automated test system and fixture for ADTs, utilizing an encoded hybrid servostepper motor and controller in conjunction with a standalone PC and digital multi-meter for rotor position via
voltage feedback.
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Team 1709: PV Capacity Factor
Prediction Tool
Sponsored by: United Illuminating
Sponsor Advisor: Dr. Peng Zhang
From Left to Right: Derek McCormack, Joel Velez,
Rahul Vachhani, Alsandy Jacot

It is essential for United Illuminating to understand how much power is flowing back into their system so they
may mitigate potentially negative effects of PV, plan for upgrades efficiently, and perform analysis of their
system accurately. Some of the negative effects of PV are voltage issues, conductors and equipment being
overloaded, islanding effects, and protection schemes not working as designed. When planning for upgrades
to the distribution system it is important to know how much PV generation is actually being supplied back into
the system. If they were to base these upgrades using the nameplate rating of the PV systems alone it would
result in over engineering and overspending.
Motivated by the above challenges we developed a PV capacity factor prediction tool by engaging in big data
analytics. PV capacity factors are the actual power output from a PV system over a given period of time
compared to that of the nameplate rating of the PV system. This powerful tool will allow a utility engineer to
input specific parameters into an application which will then use an algorithm we develop from machine
learning and extreme value theory to output predicted PV capacity factors in various regions for specific time
scales.

Image courtesy of Xubin Liu
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Our team is sponsored by United Illuminating to perform big data analytics to develop a PV capacity factor
prediction tool. United Illuminating is an electric utility company located in the southwestern area of
Connecticut, of which covers seventeen towns and cities in total. The amount of distributed energy resources
(DER) have been growing substantially over the last few years and is expected to continue to do so. Therefore
it is important for United Illuminating to have an exceptional understanding of how this will affect their
distribution system. In particular we will be studying photovoltaic (PV) generation which is intermittent and fast
ramping in nature and seldom reaches the nameplate capacity value in daily operations. This makes it difficult
to predict just how much power they can potentially deliver back into the power distribution system.

Team 1710: Mobile Power Units
Sponsored by: Hartford Marathon Foundation
Sponsor Advisor: Matt Anderson
Faculty Advisor: Dr. Ali Bazzi

From Left to Right: Dr. Ali Bazzi, Rayhaan Kasliwala,
Edwin Matute, Justin Hubbard, Bryan Davis.

The HMF requested a partnership with the University of Connecticut School of Engineering to assist in the
design and implementation of stand-alone solar array systems on HMF’s event operations trailers. With this
partnership, the HMF’s goal is to increase their environmental sustainability effort at their events by
transforming the current fleet of trailers into mobile power units. This will be done by completely replacing the
generators and installing solar arrays atop the trailers to eliminate all carbon emissions. The HMF ultimately
hopes to become the greenest race in the world, and this is a crucial first step.
The goal of the design is to be a completely self-sustained power system with an additional external operation
view of the system’s status. Therefore, in addition to solar panels, this design will implement batteries for
energy storage and an inverter so that the HMF can plug in and power their equipment directly from their
trailer. The full design and layout of the system will be provided, and installation is also being conducted.
This design will be in conjunction with the University’s Office of Public Engagement (Service Learning). The
goal of service learning is to integrate meaningful community service with instruction and reflection to enrich
the learning experience, teach civic responsibility, and strengthen communities. The design being proposed
will have an ample positive impact by promoting awareness of sustainable, clean and affordable energy in the
community. This design is approximated to eliminate 2,320 lbs. of carbon dioxide per year.

(Josh Garvey/UConn Photo)
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The Hartford Marathon Foundation (HMF) is a non-profit organization located in Glastonbury, Connecticut with
the mission to organize programs and events that promote health and fitness. The HMF currently uses a fleet
of different size trailers to transport operational supplies to each of their roughly 30 events throughout
Connecticut and Rhode Island. Among these regularly used supplies are four gas generators and a car battery
with an inverter, which are all used to power various electrical equipment. This equipment ranges from
inflatables to sound systems, lights to computers.

Team 1711: An Intelligent
Sensor Network for
Autonomous Target racking
Sponsored by: UConn ECE Department
Host Lab: LINKS Laboratory
Faculty Advisor: Dr. Shalabh Gupta
(From Left) Michael Buckson, Brandyn Young,
Marquette Jones, Jay Upadhyay

Sensor Mote
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The purpose of this project is to create a smart target tracking sensor network. This sensor network
will detect targets while implementing energy saving protocols. In this project we work on implementing two
such protocols; a local depowering of some sensors when no motion is detected and, a remote depowering of
all sensors in a certain area when no target is predicted to enter their field of view. This technology can be
applied to any large environment where surveillance is needed. Possible applications for this include: border
surveillance, patient monitoring in hospitals, urban environment target tracking, and general situation
awareness.
The sensor network built consists of five sensor arrays, called motes. Each mote contains passive
infrared (PIR) sensors and ultrasonic sensors (US) which will detect heat and distance respectively. This
sensor network also contains a laser range finder for precise target detection and a camera for video
surveillance. The data from each mote and the laser range finder are streamed to a database. The first smart
power saving protocol implemented was to depower the US sensors on each mote until the PIR sensors
detect motion. The US sensors consume more energy than the PIR sensors so minimizing the time they are
on will be a first step towards energy savings.
To reduce energy consumption even further we then implement a smart tracking algorithm. This
algorithm collects and interprets the data from the motes and laser range finder. This algorithm calculates the
location of a target and predicts its future path. Based on this prediction, the algorithm will command the next
power-states for each of the motes. Motes outside of the predicted path will enter low power (US and PIR
sensors off) while those in the predicted path will enter high power (US and PIR sensors on). Power state
commands are sent to the motes through the database. By scheduling the motes power mode in such a way,
the energy consumption of the network should be decreased.

Team 1712: Robotic Ankle
Rehabilitation Device
Sponsored by: The University of Connecticut
BME Department and ECE Department
Sponsor Advisors: Dr.Shalabh Gupta and Dr.
Krystyna Gielo Perczak

Malfunctions to the ankle can make many day to day functions very arduous. Typical malfunctions can
be due to injury, disease, and muscle damage. During such instances the ankle joint is an area of concern, as
it is very difficult to manage an injury to the ankle. The ankle has to be able to withstand all of the strain and
pressure that is exerted from the daily tasks of walking, standing, running and so on. With the ability to move
from side to side, and front to back, over extension can easily occur. For those suffering from ankle maladies
standing up from a sitting position can be difficult.
The project product is an assistive device that will help a person transition from the sitting to standing
position. It consists of a supportive brace to provide extra stability, as well as two actuators and an artificial
muscle. These two components mimic the plantarflexion and dorsiflexion movements of the ankle.
Plantarflexion and dorsiflexion are the two essential motions at the ankle. Plantarflexion is the action of
pushing your foot into the ground while dorsiflexion is the action of pulling the toes up. Therefore,
plantarflexion is essential when moving from the sit to stand position, as it provides a portion of the force
needed to stand. Several force sensors are located at the bottom of the foot to sense the subtle changes in a
person’s weight as they prepare to stand. All other components, such as the microcontroller and power supply,
are located at the waist to reduce the amount of weight around the ankle. In addition the total weight of the
brace has been kept small. This allows the device to be smoothly integrated into the natural walking cycle of
the patient. The device is intended to function in both indoor and outdoor conditions, and is designed to
withstand inclement weather, as well as ranging temperatures. The product is not only durable but
comfortable. Additional features such as padding have been added for the patients’ convenience. These
features can be altered in order to fit a range of patients.
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Top Row BME (from left) Lisa DeConti, Ashley
Vanaman, Drew Cohen, Kristen Campbell and
Sarah Vetrano
Bottom Row EE (from left) Hannah Strickland,
Edward Sango, Blerand Qeriqi and Bilal Khan

Team 1713: Internet of Things
Team
InternetFlight
of Things
(IoT)1713:
Microserver
Test
(IoT)
Microserver
Flight Test
Acceptance
Demonstrator
Acceptance Demonstrator
Sponsored by: NCPS Research
Sponsor Advisor:
Zhou
Sponsored
by: NCPSShengli
Research

Dr. Shengli Zhou, Benjamin Singer (EE), Elizabeth
Baranovic (EE), Hunter Finneran (EE).
Dr. Shengli Zhou, Benjamin Singer (EE), Elizabeth
Baranovic (EE), Hunter Finneran (EE).

Sponsor Advisor: Shengli Zhou
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Network Centric Product Support (NCPS) Research is a company that is combining the concepts of network
centric and IoT principles in the aerospace industry to improve system level intelligence. The distribution of
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In this project, a LattePanda microcontroller collects data from an on-board system of sensors. These include

Team 1714: Smartwatch-like
Device
and Apps
for
Team 1714:
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Sponsored by: Biorasis
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Sponsor Advisor: Michail Kastellorizios
Sponsored
by:John
Biorasis
Faculty
Advisor:
Chandy
Sponsor Advisor: Michail Kastellorizios
Faculty Advisor: John Chandy

Magda Kaczynska, Brian Marquis, Ahmed
Sugulleh, Evan Brown
Magda Kaczynska, Brian Marquis, Ahmed
Sugulleh, Evan Brown
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The Smartwatch-like Device and Apps for Continuous Glucose Monitoring project is sponsored by
Biorasis, located in Storrs, Connecticut. The company is developing a wireless, needle-implantable biosensor,
which ultimately
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diabetic patients using this device can monitor their blood glucose continuously with only two finger-prick
calibration tests a day. Eventually, this device could be used for closed-loop insulin control by interfacing it
with an insulin pump.

Team 1715: Underwater
Wireless Power Transfer
Sponsored by: University of Connecticut
Sponsor Advisor: Peng Zhang, Taofeek Orekan
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From Left: Justin Walters, Kyle Buckley, Alex
Slossberg, Frank Ludorf

Senior design team 1715 is focused on transmitting power wirelessly in an underwater environment to charge
Autonomous Underwater Vehicles (AUV). In order to achieve maximum power efficiency, we developed an
adaptive control. Like all vehicles, AUVs require internal power sources to enable unrestricted movement into
the depths of the ocean, and recharging after power is drained. The saltwater environment is very damaging to
expose metal conductors, and also provides a path for conduction between charging terminals. Removal of the
AUV from the ocean for conventional charging methods requires specialized equipment and active personnel to
manage the operation. By creating a system which enables underwater AUV recharging, the independence of
the AUV can be maximized. Coupling the source and battery inductively, exposure to salt water is minimized,
and fault occurrence is decreased. The addition of an adaptive control system for charging allows the AUV more
autonomy and releases personnel from charging duties.
Our major focus is the design and implementation of a control system which can compensate for the movement
of the coils and maintain efficiency over a distance of 10cm. The system will be on the receiving side of the
transfer network to ensure a more universal application for multiple types of underwater recharging. In the
control scheme, the input voltage is kept constant and the voltage and current received by the secondary side
of the system are measured. To achieve maximum efficiency, the measured values are used to estimate the
coupling coefficient of the underwater wireless power transfer (UWPT) system. The estimation was carried out
by a machine learning algorithm provided by Taofeek Orekan. Since the coupling coefficient is proportional to
distance between the coils, the UWPT is controlled with its appropriate reference voltage (Vsmax) at every
distance to ensure maximum voltage. Furthermore, a PI controlled DC-DC converter is adopted as part of the
control system to adjust the load in order to achieve a specified constant output voltage.
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Team 1717: Autonomous Fire
Fighting Robot (Team 1)
Sponsored by: University of Connecticut
Faculty Advisor: Dr. John Ayers
Robert Barret III, Zachary Rattet, Kevin Burke,
Connor McCullough
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Trinity College holds an International Fire-Fighting Robot Competition that will be taking
place April 1-2, 2017. The goal for the competition is to construct an autonomous robot that can
navigate a designated course layout and extinguish a fire that is represented by a candle. Our
general approach in designing and constructing a robot with such capabilities will to be think of the
problem in terms of states. The robot will be stationary for an indefinite amount of time, then activate
to navigate a maze, locate, and extinguish a flame, and finally return to its starting position to power
down. The robot will be broken down into eight systems: Frame & Wheels, Power, Motors, Flame
Detection, Fire Extinguishing, Navigation Sensors, Navigation Approach, and Microcontrollers. The
main components are SRF05 ultrasonic range finders, a Raspberry Pi 3 installed with Ubuntu, an
Arduino 2560, an infrared 64 pixel thermal sensor, a CO2 extinguishing mechanism, and brushless
DC motors.
The SRF05 ultrasonic sensors will be used to localize the robot within the maze by
continuously sending and receiving data with support from the Raspberry Pi. Our five-sensor
configuration on the robot will provide the robot with enough information to accurately locate and
avoid obstacles with speed. The Raspberry Pi will be in communication with the Arduino while it
sends pulse width modulation signals to control the motors of the robot. Meanwhile, the infrared
thermal sensor will be constantly searching for the flame by looking for a significant heat difference.
When the flame is ready to be extinguished, a linear actuator will activate and push the button on the
CO2 canister to release the gas and put out the flame. The robot will then realize that it has
completed its mission and return to its original starting position to power down. The following images
show the robot in its current build and design.

Team 1718: Autonomous
Firefighting Robot Team 2
Sponsored by: University of Connecticut
Sponsor Advisor: Professor John E. Ayers
From left to right: Layne Fabian, Tanner George,
Christian Walker, Robert Franchina

The team is using a 360° RPLIDAR laser scanner to continuously capture the maze layout and create
a map such as the one below when searching for the lit candle. We chose to incorporate the navigation logic
onto a separate ODROID XU-4 microprocessor due to the high amount of data processing needed for the
laser scanner. Robot Operating System (ROS) is a flexible framework for writing robot software which we will
use to navigate the course and integrate the components together.
A thermal array scanner in the front provides temperature readings to the microcontroller which guides
the robot towards high temperatures. Once these reach upwards of 100°C, the device aligns the CO 2 canister
with the flame and a linear actuator presses the release button. The chosen microcontroller is the Arduino
MEGA 2560 Rev 3 which is responsible for thermal sensing along with driving two motors attached to the
wheels.
The team’s goal is to complete in the Level 1 course by finding and extinguishing the candle in under
three minutes which will subsequently allow us to compete in Level 2.
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Team 1718 is building an autonomous firefighting robot to compete in the Trinity International Robot
Contest held on April 1st and 2nd in Hartford, CT. The goal of this project is to work with a small team to build
a robot that can autonomously search a model 8x8 ft home and extinguish a candle as quickly as possible.
The contest features three levels of difficulty with Level 3 being the hardest. Each team gets five trials per level
and the best three out of five completion times determine the score. For Level 1, the time limit is three minutes
and the entire surface is flat plywood. In Level 2, there are rug areas added as well as additional obstacles
such as stuffed animals and the time limit is increased to four minutes. The hardest difficulty adds even more
obstacles as well as a ‘search and rescue’ mission where competing robots must pick up and carry out a baby
doll before extinguishing the flame. The harder two difficulties will also have one of a few possible arena
layouts so that the robots are forced to learn the course.

Team 1719: Debugging Probe
for Hardware Security Testing
Sponsored by: University of Connecticut
Sponsor Advisor: Dr. John Chandy
William Trautmann, Sean Barrett, Nathaniel Graichen

Some popular serial protocols used for communication headers are RS-232, Serial Peripheral
2
Interface Bus (SPI), Inter-Integrated Circuit (I C), and Joint Test Action Group (JTAG). Each protocol has its
own unique characteristics, whether it’s the voltages of the logic levels, frequency of data transfer, clock
frequency, behavior when confronted with an input, etc. The protocols focused on for this project are RS-232
and JTAG.
This probe will consist of an FPGA and a PCB and will attach to the test headers of a device such as a
router. The probe will analyze the test headers and determine which protocol is being used by the device. A
signal will indicate if the protocol is either JTAG or RS-232. The PCB connects directly to the device under
test, it consists of comparators which determine whether the voltage level is in the range of an RS-232 signal.
If the voltage exceeds 9 Volts then it is deemed to be an RS-232 signal and the PCB outputs a 1 from its
comparators. To detect JTAG, the FPGA is directly connected to the test headers. Via the PMOD connectors,
the FGPA puts the JTAG device into its shift mode, send many logic bits into the Test Data In (TDI) pin and
checks for output at the Test Data Out (TDO) pin. Eventually this project can be expanded to include more
protocols and potentially to determine what the pinout of each protocol is.
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As information security is becoming a primary concern of consumers for both software and hardware
platforms due to increased storage of information electronically, it is necessary for developers to start
designing products with security in mind. Many PCBs for commercial devices will have open communication
port headers on them, which are left on through the design process as a way to test the device, but these port
headers aren’t always removed. Thus, a malicious user could gain access to the flash memory of a device
with only proprietary usages of the serial connection defending the system.

Team #: 1720 Un-Crashable
Helicopter
Sponsored by: Sikorsky
Sponsor Advisor: Jason Thibodeau
Faculty Advisor: Ashwin Dani
Carlos Rodriguez, Tim Pelletier, James Hubbard,
Dan Fay

Our group was tasked with creating one such proof of concept project involving a commercial
quadcopter and commercially available sensors with the goal of creating a shared-control flight system
capable of avoiding obstacles in crash-determined situations. The flight control system features separate
manual and autonomous flight modes, only having the latter activate when a crash is determined to be
possible. The autonomous flight mode removes pilot control from the quadcopter while it calls for an
emergency full stop of the quadcopter’s horizontal movement and then moves away from the obstacle. If an
object is determined to be moving towards the quadcopter, the system will also force the autonomous flight
mode and move away from all determined obstacles until it reaches clear airspace. Once the quadcopter is
determined to be in clear airspace, control is returned to the user and manual flight resumes.
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Today’s helicopters and drones are entering a boom in their industries, with both military and
commercial uses increasing greatly. Their current control methods are mostly based on pilot skill and reaction
time, which can be problematic in several situations. If the pilot were to become incapacitated or if there is an
oncoming projectile, the pilot’s ability to react in time may not be enough to avoid collision. There are even
more concerns in the consumer drone market where many of the pilots may have little or no experience with
flight and are much more likely to have difficulties flying their drones safely. These situations may result in the
aerial vehicle crashing into a terrain obstacle, often leading to near total destruction of the aircraft and possible
loss of life. As most helicopters and drones are tremendously expensive and the cost of life is priceless, this is
something to be avoided at all costs. While immediate full scale implementation onto helicopters has a large
amount of risk involved, a small scale proof of concept project should suffice in proving that the foundation of
the concept is feasible and to promote large scale future projects.

Team #: 1721 Solid-State
Timing Device
Sponsored by: Capewell
Sponsor Advisor: Andrew Smith
Faculty Advisor: Rajeev Bansal
Jaileen Algarin, Nicole Hershman, Robert Endrizzi,
Patrick Meres

The solid state timer is being implemented in such a way that it is able to control up to eight loads individually
at a maximum current rating of 15 A. The timing and switching are controlled by a central microcontroller unit
(MCU). The timer is supplied power by a custom-designed power supply that can handle both 120 and 240
VAC inputs and outputs both 3.3 V and 5V lines for various chips in the timer. Each load being controlled by
the MCU is switched on and off by a semiconductor device known as a TRIAC (Triode For Alternating
Current). Tests completed to assess levels of material fatigue between moving and nonmoving timers have
shown that a mechanical device has a lifetime of approximately 200,000 - 300,000 cycles life based on
experience from the sponsor; while a solid-state device will have a lifetime of approximately one million cycles.
With both the mechanical and solid-state devices having similar production costs, the extended lifetime and
improved accuracy of the solid-state timer have made it a particularly attractive design solution.
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The goal of this project is to replace an older fully mechanical timer with a completely solid-state solution in an
attempt to increase the life expectancy and accuracy of the timer while maintaining similar production and
manufacturing costs. The Solid-State Timing Device in development is an electronic system that operates with
no moving parts and measures time in order to regulate certain electrical loads. Examples of these loads are
motors, lights, pumps, and basically any device that has an on and off state. The lack of moving parts in a
solid-state device typically leads to a life expectancy that is significantly longer compared with a mechanical
solution.

Team #: 1722 - Autonomous
Battery Charging Quadcopter
Sponsored by: UConn ECE Department
Faculty Advisor: Professor Ashwin Dani

Quadcopters have a limited flight time due to current battery supply limitations. Commercially available
quadcopters typically last anywhere from 20 to 30 minutes on a single battery charge. Adding more
batteries is not a desirable solution because increasing payload weight will consequently consume more
power, ultimately reducing battery life and flight time. Our Design Team is developing a UAV system,
specifically a quadcopter, which will autonomously recharge itself. This simply means that the quadcopter
will be able to recharge its battery when needed without any human interaction.
For this design project, we plan to develop an autonomous system that can navigate our quadcopter to the
charging station and then recharge the battery. Thus, this project can be split into two separate parts. First
part is the software design, which will allow for autonomous flight and docking of our quadcopter on the
charging station. Second part is the hardware design of the charging system that will succeed in
recharging the quadcopter’s battery in a time efficient manner. By the end of this project, our goal is to
successfully design an autonomous battery charging quadcopter system.
To accomplish our goal we have chosen to implement an image processing based tracking system along
with a GPS system. The image processing algorithm will be used for docking on the charging station and
GPS system will be used for navigating to the docking station. Once the quadcopter is rested on the
charging station the battery will automatically recharge the quadcopter’s battery using conductive
charging. The quadcopter will then resume flight when the desired battery level is reached.

Figure 1. Project Visual
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Team 1722 – Thomas Baietto (EE), Ryan
Oldham (EE), Yifei Song (EE), Gabriel
Bautista (CMPE)

Team 1723: Sailplane
Thermal Detector
Sponsored by UConn ECE Department
Sponsor Advisor: Dr. Helena Silva
Four well-dressed engineers (L-R): Kevin Waligora,
William Pawelczyk, Nicholas Chapman and
Alex Dawkins.

After completing formative research with experienced glider pilots, a final sensor design was made based on
their opinions. Our design is based off of a temperature comparison system. We will place one temperature
sensor unit located on each wing of the sailplane. These sensors then relay their measurements wirelessly to
a central processing unit inside the cockpit. There, we take the difference in temperatures and track it over
time. If one wingtip shows a relative spike in temperature, it’s likely that the warmer wing was in a thermal and
the pilot will be indicated to turn in that direction.
Design challenges included the selection of temperature sensors that
are sensitive enough to detect small changes in air temperature and
determining what types of temperature readings actually indicate the
presence of a thermal. Testing of our system using the side mirrors of
a car has proven helpful in mimicking the fast-moving air environment
of an airplane in order to work out bugs before testing the system on
an actual aircraft.
Left: testing sensors and
wireless communications in
the lab.
Right: A glider pilot from the
CT Soaring Association
shows us a glider’s wingtip
and where it might be safe
to mount a device.
Receiver, transmitter and temperature sensor.
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Gliding is one of the most satisfying and exhilarating hobbies. Being able to soar over terrain gives glider pilots
a whole new dimension in which they can appreciate their surroundings. There is, however, one concern
which every glider pilot faces: the ability to stay airborne in an engineless sailplane. Sailplanes maintain or
gain altitude by identifying and entering columns of rising warm air known as thermals. This becomes a difficult
task for a pilot when gliders soar quickly and thermals are invisible. Therefore, the goal of this project is to
create a sensor system that will enable a glider pilot to identify and react to thermals. This would be helpful for
both learning student pilots as well as competitive pilots looking to get as much lift as possible from a given
environment. These sensors will help pilots to take greater advantage of the lift provided by thermals and can
lead to longer flight times in order to win competitions or just fly around for leisure.

Team 1725:
Perimeter Security Device
Sponsored by:
Airbornway Corporation
Sponsor Advisor: Mr. Rodger Gibson
Faculty Advisors: Dr. Diane Van Scoter (MEM)
Dr. Jiong Tang (ME)

MEM Bottom Picture, From Left to Right: Dr. Diane Van
Scoter, Alexander Wittstein, Salvatore Musumeci, Dr. Jiong
Tang.
ME Not Shown: Mitchell Durkin

Project Description: Airbornway was founded with the goal of revolutionizing transportation and security. To
achieve this, the concept of Eagle System was established. Operating similar to zip line technology, this
device can get you or your items where they need to go – and it does it quickly. With a top speed of 40 miles
per hour, Eagle will revolutionize short distance travel. If the concept gains traction, it will be able to move
unhindered by rush hour traffic, accidents, or unpleasant weather. Its durable casing protects its main
components from rain, snow, hail, and sand. Eagle is also able to be implemented around prisons and
government facilities. It has a built-in camera that can transmit video as it travels, and is able to be outfitted
with any other necessary security hardware that will make security tighter wherever it is needed.
Airbornway tasked us (in collaboration with other students and faculty from other departments) with designing
and constructing this system, with a prototype provided for guidance. There were three primary requirements
the team had to fulfill. First, the system had to be able to operate in a temperature range of -50°F to 134°F.
Our durable chassis and internal casings protect the electrical components so Eagle will continue to operate,
no matter the environment. Specifically, we needed to consider Alaskan and desert environments. Second,
Eagle needed to achieve a maximum speed of 40 miles per hour (60 ft/s). Assessments were made regarding
weight of the system, so the horsepower and rotations per minute of the motors could be calculated. Lastly,
Eagle needed to be able to receive commands and power through its zip line. Therefore, UART (Universal
Asynchronous Receiver/Transmitter) communication was implemented. UART is a communication method
utilized by many systems. As long as the data ‘packets’ are transmitted at the same rate, the microcontrollers
are able to communicate with each other. Zip line communication is vital as it prevents any disruption to
Eagle’s control or sensors. This method also prevents the chance of a cyber-attack and allows for constant
communication in the event of a damaged antennae.
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ECE Top Picture, From Left to Right: Wei Kuan, Jonathon
McRae, Joseph Granatosky
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Team #1: Investigation and
Remediation of former CL&P
Power Station in Enfield, CT
Sponsored by: Town of Enfield, Connecticut
Sponsor Advisor: Peter Bryanton
John Lardas, Jordyn Styczynski, and Christopher
Daniele

The team’s approach was to create a map of the plumes, consisting of volatile organic contaminants and
gasoline hydrocarbons, with attention given to offsite transport of underground contaminants. Once the fate of
transport of pollutants was determined, several remedial approaches were considered in compliance with the
Remediation Standard Regulations and the State of Connecticut.
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This project focuses on the environmental assessment and remediation of the former Connecticut Light &
Power Station on North River Street in Enfield, Connecticut. The Town of Enfield plans to purchase the
property and develop it as a part of a transit center that will boost economic and social development in the
area. However, several recognized environmental conditions were identified by the Phase I environmental site
assessment conducted by a consulting firm. Records show several underground storage tanks (UST’s)
present at the site, as well as two above-ground storage tanks (AST’s), an oil tank, and a former coal shed
abutting the eastern border of the property. All of these are likely sources of contamination, including
petroleum products and heavy metals. A sampling plan to determine the level of contamination has been
developed, and our team was tasked with creating a remedial plan of action.

Team 2: Anaerobic Digestion of
Bio-solids at Waterbury
Wastewater Treatment Plant
Sponsored by: Waterbury Water Pollution Control
Sponsor Advisor: Denis Cuevas
Isaiah Williams, Christopher Gill, Gregory Ryan

Several different types of designs of digestion tanks were explored and researched, looking for the ideal size
and retention time that would efficiently produce the biogas that could be harnessed in the fuels cells being
implemented within the plant. Based on the flow of water, a sizing of the potential digesters was decided on,
as well as a two tank digestion process. Calculations were done to examine the potential amount of biogas
that could be produced for the fuel cells, and the purity of that biogas was also inspected to ensure the fuel cell
could consume it without problem. Our design was planned to fit in with state and federal regulations regarding
solid waste removal, in order to make this a viable solution to the issues that Waterbury’s facility is facing. All
of this design is to reduce costs in both solid waste disposal in way of incineration, and electricity costs for the
plant as a whole.
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The University of Connecticut Department of Environmental Engineering senior design group is currently
working with the Town of Waterbury to design upgrades in the Water Pollution Control Facility (WPCF) located
at 210 Municipal Rd. Waterbury, CT. The plant has a treatment capacity of 27 MGD municipal wastewater, but
averages near 16 MGD. The wastewater treatment process consists of primary sedimentation, aeration tanks,
secondary sedimentation and disinfection. Currently, the sludge produced are disposed of at a nearby
incineration operation, however mounting costs, new regulatory requirements, and lack of environmental
sustainability have forced plant staff to search for alternative solids handling methods. The WWTP is seeking
our proposal for the installation of a new anaerobic digestion system and complimentary fuel cell array to offset
increasing electric costs and eliminate the need for expensive incineration. Waterbury has plans to employ
four 460 KW Doosan PureCell® model 400 fuel cells implemented by October 2017. Our design will give the
Water Pollution Control Facility a basis of what to look into when deciding on a digester.

Team 3: Implementation of an
anaerobic digester for onsite
digestion of biosolids
Sponsored by: Town of Groton Water Pollution
Control Facility
Sponsor Advisor: Chris Lund

Rachel Albino, Dingyi Cai,
Nick Pietrefesa

Anaerobic digestion has major benefits as well as drawbacks that were considered. By anaerobically digesting
sludge, volume of sludge can be reduced while also eliminating pathogens and stabilizing volatiles. The
byproducts of this process are biogas as well as stabilized biosolids usable as fertilizer. Currently, the state of
CT does not allow land application of digested biosolids, and thus the focus of our design was to use
anaerobic digestion to minimize the volume of biosolids produced by the facility in their wastewater treatment
process. Biogas would be harnessed to provide fuel for necessary heating which anaerobic digestion requires.
Drawbacks that also needed to be considered were the difficulty of operation of the process as well as the high
cost of construction, operation, and maintenance. This had to be compared with the projected cost of
maintaining the current sludge handling and disposal mechanisms, which will inform the current Town of
Groton WPCF management and allow them to best decide on a future course of action.
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The Water Pollution Control Facility (WPCF) of Groton, CT was built in the early 1970s. The facility collects
2.8-3.5 million gallons of wastewater per day (MGD) from a portion of the town of Groton and treats it with a
combination of sedimentation, activated sludge and disinfection processes. As a byproduct of the
sedimentation and activated sludge processes, a combination sludge is produced which needs to be handled
and disposed of regularly. The plant currently thickens the sludge to decrease its water volume and then
contracts hauling to incineration facilities for offsite disposal. Though this solution has worked for many years,
it is surely not the most sustainable solution. With this in mind the current management at the facility is
considering adding an anaerobic digestion process to their sludge handling practices. Our job is to assess the
feasibility and life cycle cost of adding such a process, as well as make a preliminary design of an anaerobic
digester for them.

Team 4: Electric Boat
stormwater management
design
Sponsored by: Electric Boat
Sponsor Advisor: Tim Fleury
From left to right: Jessica Petritus, Will Kesler,
Natalia Close, Stephanie Hubli

The plan must meet all Rhode Island stormwater regulations and the upcoming Municipal Separate Storm
Sewer System (MS4) regulations. While the stormwater generated on site is not polluted with any particular
chemical of concern, the site does pose a challenge due to space constraints. The facility has several spaces
that serve dual purposes, whereby they are occasionally used as open air storage space. Due to the nature of
the manufacturing on site, these are all very heavy items resting on the pavement and/or ground. The
proposed stormwater design must not only find a solution that can meet all regulatory requirements but also
one that is compact and potentially able to withstand very large loads. Moreover the design must be the best
choice for the client. This requires a financial analysis as well maintenance considerations. The design must
be economical to build and maintain and also easily maintained, as the client has had trouble with maintaining
BMPs in the past.
Several BMPs were considered, but the final selected design will consist of a combination of these best
management practices. Due to the many limitations of the industrial site, the alternative chosen includes a
collection of BMPs such as green roofs, porous pavement, and drywells that do not require extra ground space
and will fulfill the site’s stormwater needs at a reasonable cost.
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General Dynamics Electric Boat manufactures submarines for the United States Navy. The facility located at
Quonset Point in North Kingston, Rhode Island is responsible for building separate parts of the submarines to
be assembled at the Groton, Connecticut facility. In order to accommodate for the construction of a new larger
class of submarine, Electric Boat needs to create new buildings to house materials and machinery used in the
manufacturing process. With the expansion of the facility, the additional stormwater generated on site must be
addressed. The goal of this project is to develop an implementation plan for stormwater best management
practices (BMPs) for the Electric Boat Quonset Point facility in North Kingston, Rhode Island.

Team 5: North Branch Erosion
Prevention and Channel Repair
near the UConn Law School
Sponsored by: Park Watershed
Sponsor Advisor: Mary Pelletier, Director

Heather Knorr, Steven Ignatowich, and
Megan Whitesell

Three bioretention basins, designed by Fuss & O’Neill, have been installed on-site to treat water quality; the
basins withstand up to a 10-year storm and reduce the peak flow entering the channel. However, the
bioretention basins are ineffective during a 100-year storm event. The flow from a 100-year storm event will
be rapid and have high energy, thus having a greater potential for erosion effects. Mitigation of any future
erosion from a 100-year storm event, as well as remediation of existing erosion issues, is necessary because
erosion leads to loss of nutrients, degradation of soil structure and quality, and accumulation of sediments
downstream. The addition of these sediments thereby increases the turbidity of the water, thus decreasing its
water quality. It is important to maintain water quality throughout the watershed in order to protect the intricate
ecosystems within and downstream of the channel.
In order to address the channel repair and prevent erosion during a 100-year storm event, the site required
consideration of the existing urban development, geography, topography, soils, wetlands, and floodplain. A
variety of potential solutions were examined to determine their feasibility and effectiveness given these site
characteristics. One viable solution is the implementation of a step pool storm conveyance system. A step
pool storm conveyance system stabilizes the slope, reduces the velocity of the flow, and dissipates energy,
thus reducing the shear stress on the channel and preventing further erosion. Calculations were performed to
ensure that the design solution was effective – in terms of cost, maintenance, and performance – for restoring
the channel and solving the erosion that may occur in the future.

Source: Flores et al. 2012

Source: Fuss & O’Neill
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East of the UConn Law School, Seminary, and Attorney General buildings in Hartford, Connecticut,
stormwater runoff discharges from the parking lots into the nearby forested area. The stormwater runoff from
these impervious parking lots, combined with the soil types and steep slope, has created a deeply eroded
channel. The flow from the channel eventually expels to the North Branch of Park River, and later connects
with the Connecticut River. A portion of the channel is located in the span of a 100-year floodplain and is in
close proximity to a wetland.

Team #6: Turshen Mill: Trail
Construction and
Contamination Remediation
Sponsored by: CME Associates – Commitment.
Meaning. Excellence.
Sponsor Advisor: Wayne Bugden, Chuck Eaton

From Left to right: Andrew Goralski, Bridget Beaulieu,
Thomas Funk, and Catherine Nowakowski

After developing a conceptual site model, a phase II environmental site assessment was planned for the
property land near the existing Airline Trail that was not covered in the town's initial analysis. The phase II plan
includes identifying the area of concern (AOC), testing methods such as test pits and monitoring wells, and
installation locations. Two AOC identified are the land surrounding the preexisting railroad and an outflow pipe
from the building located at the edge of the wetland. The potential designs for the trail layout and material were
also proposed and drafted. They include a boardwalk trail, an earthwork trail, and a mixture of the two.
Potential wetland crossings included a precast concrete bridge, a steel pedestrian bridge, and a wood
boardwalk. The different designs were analyzed based on cost and ease of implementation, as well as
longevity and disturbance. Due to the wetland on site a permit will be required prior to beginning tail
construction. Our analysis includes the different factors that the trail will contribute to long and short term
disturbances within the ecosystem and site hydrology to be presented when applying for the permit.
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The Turshen Mill site is located at 459 Church Street in Hebron, Connecticut, adjacent to the Air Line Trail, a
state trail popular among bikers, walkers, and joggers. The 1.8-acre site has had many different uses dating
back to the early 1900s such as the Sterling Automobile Manufacturing Company, Amston Molding and
Lumber Company, Amston Grain Mill, Ellmore Silver Company, and an antique shop. With the variety of
occupations in the Turshen Mill Warehouse comes a multitude of concerns on the site. Petroleum hydrocarbon
has been identified from leaks in the underground storage tanks on the site as well as heavy metal
contamination. The heavy metals silver and mercury were found above regulation standards on the site as
products from manufacturing waste. A multitude of other contaminants such as BTEX and PAH compounds
were also found on the site above regulated levels. This contamination dictated where it was appropriate to
place the trail, and the type of remediation treatments that could be implemented. Multiple remediation plans
such as capping and soil vapor extraction have been analyzed and proposed as solutions to treat or isolate the
known areas of contamination and the town will be able to select one based on the results of the phase III
testing and available funding.

Team 7: Remediation and
Structural Analysis of BeldingCorticelli Mill site
Sponsored by: CME Associates, Inc.
Sponsor Advisor: Wayne Bugden, Rachelle
Clark

Clint Cornacchia, Santiago Ochoa, Christina Feng
Chang, Sarah Wenke

A few remediation techniques were explored. The first is microbial bioremediation through bioaugmentation
and biostimulation. The petrophiles introduced into the petroleum contaminated soil will naturally degrade
large hydrocarbons and utilize them as a food source. Another possible technique is in-situ chemical oxidation
using ozone. The EPA considers ozone to be one of the most effective oxidant in removing heavy oils such as
petroleum hydrocarbons. This chemical will act as an oxidant in the soil to remove or reduce contamination to
less toxicity. To reach compliance of a petroleum-contaminated site, Environmental Land Use Restrictions
(ELURs) are the main method for remediation. A detailed ELUR application must be submitted to the
Commissioner of DEEP to ensure containment of soil contamination within the reinforced walls. After the
property has been remediated, a park and a structure were proposed to be built on the lot. Our structural team
calculated soil pressures and load combinations necessary for a proposed greenhouse to go on the property.
This proposal shows how attractive this property can be to future investors once it is remediated.
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The 33 acre Former Belding Corticelli Mill property is located in the Northeast corner of Connecticut in the
Town of Thompson. The building was previously used for a variety of purposes over the years. In 2006, the
mill was partially demolished, but rubble still remains at the site along with a five-story tower, a guard house,
and a smokestack. Over the years, chemicals that were used in the mill have caused soil contamination in
certain areas of the property mostly along the river. Our main constituent of concern is petroleum
hydrocarbons that have become immobile in the soil. The petroleum hydrocarbons leaked into the soil under a
fuel storage tank on site. Petroleum hydrocarbons are a large family of chemicals which have many different
effects on human and environment health. A stone retaining wall prevents the contaminants from entering the
river. The stone wall was constructed over a century ago and some parts of it have deteriorated since its
construction. The wall is classified as a historic sight so its preservation is a priority. In some spots the wall
needs to be patched but in others it has collapsed. It is here that designs for a new retaining wall would be
utilized.

135

Team #9: Evaluation of the
Thomaston Dam in the
Naugatuck River
Sponsored by: Eversource Energy
Sponsor Advisor: Emmanouil Anagnostou
Gabriella Pagliuca and Rachel Lonchar.

By collaborating with employees at the Army Corps of Engineers, all the data including the measurements and
dam specifications were obtained, allowing for the most accurate model to be made in HEC-RAS. With the
creation of the model, they were able to modify certain characteristics of the dam in HEC-RAS in order to
design a more optimal structure that will prevent flooding under scenarios consistent with new climate-change
predictions. Specifically, they ran simulations of 100- and 200- year flood events in order to predict how the
dam would react, and whether the substation would be affected by possible flooding. An environmental
assessment was also performed, in order to understand the effects of a possible dam breach, not only on the
substation but on the area surrounding the substation and the river bank. Once all simulations were run, the
calculations of the estimated flood frequency along with the depth of flooding for each condition, were
completed.
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Eversource has a substation in downtown Waterbury, CT, located along the bank of the Naugatuck River.
Upstream of the substation is the Thomaston Dam, the focus of this senior design project. The Federal
Emergency Management Agency (FEMA) has determined that the dam will not be damaged as the result of
either a 100- or 200-year flood. However, current climate change models predict significant sea-level rise, as
well as an increase in frequency and intensity of tropical storms along the east coast due to storm trajectories
moving away from the equator and towards the poles. Given predictions such as these, whether the dam will
hold up in a 100- or 200-year storm event becomes less certain. If the dam experiences a breach or overflows,
then there is a risk that the Eversource substation will experience severe water damage. A research team at
UConn has been selected to model the hydrological and hydraulic conditions between the dam and the
substation in order to estimate the likelihood of dam failure (breakage or overtopping) and subsequent failure
of the substation (inability to operate as usual). Given hydrological calculations by the PI of the project, two
undergraduates, along with a UConn graduate student, modeled the hydraulic conditions in the Hydraulic
Engineering Center’s River Analysis System (HEC-RAS), created by the Army Corps of Engineers.
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Team 4: Hydration Monitoring
Bracelet (Hydralyzer)
Sponsored by: University of Connecticut School
of Nursing
Sponsor Advisor: Dr. Diane Van Scoter

GROUP PHOTO GOES HERE
Photo should be a color, high resolution JPG
and placed in THIS location shown by the blue
rectangle. Blue box is to show you location
and size only. Please delete it once you place
the photo

From Left: Dr. Diane Van Scoter, David Mathis
(ECE), Stephen Gallo (MEM), Rachael Davis
(ECE), Logan Sloan (MEM).

Often, the thirst mechanism is not enough to motivate a person to drink water when he or she is becoming
dehydrated. Additionally, in some cases, for young children and the elderly, it can be difficult for people to
communicate their need for more water. With such risks associated with improper regulation of TBW, allowing
this ignorance about dehydration is unacceptable.
Our group is designing a novel device for the resolution of this epidemic. The Hydralyzer is a wearable
hydration-monitoring bracelet. The Hydralyzer measures the wearer’s hydration status both on demand and in
real-time and communicates this information back to the wearer through a simple user interface consisting of
different colored lights representing differing TBW levels.
This device could potentially save the lives of many people. Our target consumers include those who cannot
properly recognize or communicate their need for more water, those with medical disorders that lead to the
risk of over-hydration, and those interested in monitoring their hydration status in real time.
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Studies have shown that approximately 75% of the adult population lives in a chronically dehydrated
state. It is also estimated that 70% of preschoolers do not drink any water at all throughout the day. The
number of athletes hospitalized each year due to dehydration resulting from poor management of fluid balance
is staggering. With complications arising from dehydration including heat stroke, urinary and kidney problems,
seizures, and hypovolemic shock, it is surprising how often the proper regulation of Total Body Water (TBW) is
regarded as unimportant.

Team # 6
Food Safety ComplianceCleaning Equipment
Sponsored by: Frito Lay
Sponsor Advisor: Christopher Eber and
Benjamin Sharpe
Advisor: Dr. Diane Van Scoter

From left to right: Dr. Van Scoter (Advisor), Scott
Washburn, Michael Vaghi, Nicole Scola, Thomas
Lederer

Our group delivered both a temporary and a permanent solution. The temporary solution will serve as an
improvement to the current cleaning process while the permanent solution is being installed. The temporary
solution is an enclosed wash station that allows for a manual wash of the formers with a high pressure hose.
The permanent solution includes the installment of an industrial washing machine in conjunction with a custom
designed cart specifically for these formers. For both solutions, two locations that are conveniently located on
either side of the packaging department were identified. These locations were selected with the purpose of
increasing productivity during a product line changeover. Our group installed the temporary solution and
coordinated the completion of the permanent solution at a later date.
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The Food Safety Modernization Act (FSMA) is new legislation designed to prevent contamination in food
processing facilities. At Frito-Lay, the area of greatest concern in regard to food safety is their packaging
department, especially at the point immediately before product enters the bag. Forming collars, or “formers”,
are the last point of contact before product is sealed in the bag and delivered to the customer. Because this
equipment becomes contaminated with seasonings over time, they must be cleaned before being used with
another product line which may contain different ingredients, and therefore different allergens. Our task was to
develop an automated wash process to ensure consistency and thoroughness in cleaning this equipment. We
were responsible for selecting a washing unit and location within the Killingly, CT site, and finally design the
carts that would be used to transport and hold the formers in the washing unit.

Team #7: Cell Research
Product Commercialization
Sponsor & Advisor: Kazunori Hoshino
Secondary Advisor: Bob Day

(Left to Right) Sean McAvoy, Kyle Perry, Cooper Henion,
(Not Shown) Zach Page, Chris Toner

Studying cells with the assistance of microscopes has long been both an effective and useful means of
scientific discovery. Over the course of the past two years, Professor Kazunori Hoshino has developed a
prototype laboratory tool that operates in an intermediate microscopic range which today’s current
technologies cannot. While other specialized applications for the device are possible, the primary
intended use of the tool is to measure crucial cancer cell properties related to spheroid stiffness. This
stiffness characteristic, which has been identified within the biological and medical communities as a key
factor in determining more vital traits such as a disease’s resistance to drugs or level of invasiveness, is
measured through a precise, pinching-like motion made possible by the combined micro-tweezer, piezo
plate, XYZ stage, inverted microscope, and microcontroller system.
The primary objective of this project is to create an effective path to commercialization for this microscopic
tool, thus expediting this innovative product’s path to market. Completing this task required a fundamental
technical understanding of the device’s operation as well as the identification of market segments and
prospective customers. The design challenge focused on the reduction of product complexity for build
time and labor concerns, modeling a cost-efficient means of production, and ensuring the protection and
safe shipment of product components. These considerations contribute to the ultimate goal of putting
Professors Hoshino’s prototype into the hands of researchers dedicated to better understanding diseases
like cancer.
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Team #: 8
Cardiac Monitoring Device
Commercialization
Sponsored by: University of Connecticut,
Biomedical Engineering Department
Sponsor Advisor: Dr. Bob Day & Dr. Patrick
Kumavor

Byron Anderson, Caitlin Syrett, Evan Wexler

Marketing and manufacturing plans were created along with the new prototype. The marketing plan was
created to address the range and reach in the market. The team analyzed different options of marketing and
selling the product, while comparing the cost and benefit of the different options. On the other hand, the
creation of the manufacturing plan is to focus on the process of making of the device. The manufacturing plan,
much like the marketing plan, focuses on different options that were considered in the production process for
the product. As for both plans, a cost analysis was applied to help with the weighing of options and used to
choose a recommendation that was based on both cost as well as benefit to the organization.
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The Cardiac Monitor Commercialization project’s purpose is to provide a continuous and real-time heart
monitoring wearable device for patient’s that have pre-existing or potentially undetected heart conditions. Preexisting conditions would include diseases like heart murmurs. Potentially undetected heart conditions refer to
individuals who have a family history or genetic predisposition to heart disease, but have not been diagnosed
yet. The device uses a piezoelectric sensor to sense the mechanical vibrations from the heart, as well as a
microcontroller and Bluetooth for processing and transmitting the heart-beat data. The device will be sewn
into a body hugging, comfortable, breathable, undergarment that will be invisible once the person is dressed to
make the device ergonomic and comfortable to wear.

Team 10: Automated Ball
Machine
Sponsored by: Chapman Manufacturing
Sponsor Advisor: Tracy Camassar, Richard Stec
Faculty Advisor: Dr. Jiong Tang, Dr. Ryan Cooper,
Dr. Diane Van Scoter

Dr. Diane Van Scoter, Ying Jiang, Dr. Jiong Tang
Not Shown: Kyle Dupre (ME), William Kehoe (ME),
Albion Dinkollari (ME), Dr. Ryan Cooper (ME), Boyu
Wang (MEM)

The team designed an automated feeding system utilizing a vibratory bowl, a catch system to properly orient
the bit, an angled chute, a magazine, and a pneumatic piston. The bits begin in a vibratory bowl and travel
through a two-part catch system which orients the bits laterally and circumferentially. The first part of the catch
is a metal plate that eliminates bits flowing tool-end first from the system by using a feedback loop, where the
bits traveling tool-end first fall through a specifically-sized gap back to the vibratory bowl. The second stage of
the catch causes a rotation of the bit in a circular channel profile, subject to an excitation force from the
vibratory bowl, which leads into a pinhole of the same outer profile as the bits, only allowing bits in the correct
angular position to continue through. The bit then travels down the angled chute into a gravity-driven
magazine. The bits fall into the magazine at the same rate that a pneumatic piston forces the bit in the bottom
position of the magazine into the rotary ball machine.
The design is an affordable and reliable solution. The simplicity of the design allows for easier troubleshooting,
which aligns with the mechanical strengths of the Chapman Manufacturing. The current prototype allows for
multiple machines to be overseen by one operator. Implementation of this design will allow for higher output of
product and will free up resources for alternative projects.
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Chapman Manufacturing produces high-end screwdriver sets that utilize a ball detent design for
interchangeable bits. The objective of this project is to improve the feeding process for the rotary ball machine
used to install this ball detent. Previously, this machine was manually fed by an operator. As a manual
operation, this is a slow, tedious process that creates a bottleneck, slowing the overall production rate. The
operator must orient the bit laterally, circumferentially, and then insert the bit into the machine. Our goal was to
design and fabricate a machine that could accomplish these three steps without requiring direct machineoperator interaction.

Team 16: Egghead Ice Cream
Cost-effective Manufacturing
Process Development
Sponsored by: Egghead Ice Cream
Sponsor Advisor: Hannah and Kim Pucci
Faculty Advisor: Dr. Jiong Tang &
Dr. Diane Van Scoter

Team 16: Dr. Van Scoter, Priya Naraine, Dhanya Abraham,
Connor Bowman, Jackson Haigis, Dr. Tang
Not Shown: Myles Gibbs (ME), Alexander McGuigan (ME),
Shanil Savla (ME)

Our senior design team has partnered with the Pucci family to develop a cost-effective manufacturing
process to mass produce the egg-shaped novelty ice cream. The objective of our project is to provide the
Puccis with detailed information about the product manufacturing and distribution, including the optimal mold
plate design, packaging options, cost analysis, process flow, and distribution outlets. This information should
help demonstrate the viability and cost effectiveness of potential mass production. All of the production costs
associated with this manufacturing process will be estimated and the process should be designed to minimize
these costs without compromising the quality of the ice cream or the aesthetic egg shape.
Our faculty advisors, Professor Diane Van Scoter and Professor Jiong Tang, have provided their
professional guidance and design input throughout the duration of the project. We would also like to give a
special thanks to Bill Sciturro, the manager of dairy manufacturing at the UConn Creamery. Bill oversees the
production of ice cream sold at the Dairy Bar and has been able to provide our team with relevant information
on the manufacturing process and the required testing equipment.
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Egghead Ice Cream is a brand-new way for people of all ages to enjoy ice cream. A quick, fun, and
convenient solution to the tedious hassle of scooping ice cream, Egghead Ice Cream would come prepackaged in the shape of an egg designed to fit perfectly into the top of a cone. The single serving eliminates
the need for scooping and provides a novel experience for ice cream consumers. The concept was conceived
by Hannah Pucci at the age of 11 for the 2012 CT Invention Convention and in May 2016, she obtained a
patent for her innovative idea. Hannah would like to demonstrate the market potential and the technical
manufacturing feasibility to enable licensing of the product.

Team # 27
Perimeter Security Device
Sponsored by:
Airbornway Corporation
Sponsor Advisor: Mr. Rodger Gibson
Faculty Advisors: Dr. Diane Van Scoter (MEM)
Dr. Jiong Tang (ME)

Bottom, From Left to Right: Wei Kuan (ECE), Jonathon McRae
(ECE), Joseph Granatosky (ECE)
Not Shown: Mitchell Durkin (ME)

Project Description: Airbornway was founded with the goal of revolutionizing transportation and security. To
achieve this, the concept of Eagle System was established. Operating similar to zip line technology, this
device can get you or your items where they need to go – and it does it quickly. With a top speed of 40 miles
per hour, Eagle will revolutionize short distance travel. If the concept gains traction, it will be able to move
unhindered by rush hour traffic, accidents, or unpleasant weather. Its durable casing protects its main
components from rain, snow, hail, and sand. Eagle is also able to be implemented around prisons and
government facilities. It has a built-in camera that can transmit video as it travels, and is able to be outfitted
with any other necessary security hardware that will make security tighter wherever it is needed.
Airbornway tasked us (in collaboration with other students and faculty from other departments) with designing
and constructing this system, with a prototype provided for guidance. There were three primary requirements
the team had to fulfill. First, the system had to be able to operate in a temperature range of -50°F to 134°F.
Our durable chassis and internal casings protect the electrical components so Eagle will continue to operate,
no matter the environment. Specifically, we needed to consider Alaskan and desert environments. Second,
Eagle needed to achieve a maximum speed of 40 miles per hour (60 ft/s). Assessments were made regarding
weight of the system, so the horsepower and rotations per minute of the motors could be calculated. Lastly,
Eagle needed to be able to receive commands and power through its zip line. Therefore, UART (Universal
Asynchronous Receiver/Transmitter) communication was implemented. UART is a communication method
utilized by many systems. As long as the data ‘packets’ are transmitted at the same rate, the microcontrollers
are able to communicate with each other. Zip line communication is vital as it prevents any disruption to
Eagle’s control or sensors. This method also prevents the chance of a cyber-attack and allows for constant
communication in the event of a damaged antennae.
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Top, From Left to Right: Dr. Diane Van Scoter, Alexander
Wittstein, Salvatore Musumeci, Dr. Jiong Tang.

Team 28: Improved Plastics
Coating Machine (Mini-Coat)
Sponsored by: Plastonics Inc.
Sponsor Advisor: Bob & Brian Zimmerli
Faculty Advisors: Jiong Tang, Ryan Cooper,
Diane Van Scoter
Professor Van Scoter, Vinay Venkatesh, Lindsey
Gilson, Connor Mitchel, Matthew Getman, Professor
Tang

Plastonics Inc. is a family run business that was established in 1959 as a pioneer in the powder coating
industry. The purpose of powder coating is to create a hard, smooth finish that is tougher than conventional
paint. Powder coating is mainly used for the coating of metals, and has a wide variety of applications that
can be seen on every-day products such as automobiles, sports equipment, clips on clothing, springs, and
many other materials in need of protective coatings.
Team 28 has been tasked with improving efficiencies in the Small Parts Department, focusing specifically
on bringing Mini-Coat 2 back up to production standards to support an increase in demand from the Small
Parts Department. The addition of this machine is also projected to facilitate the addition of new customers
who require greater throughputs for their part contracts.
Team 28’s solution has two components: technological enhancement and work flow management.
Technical solutions involved increasing fuel efficiency, implementing user friendly controls, improving
tolerance control (belt speed and temperature), and strategic resource allocation. Management practices
include creating process flow improvements and highlighting performance indicators. Technical deliverables
were met by reorienting the heater elements, reducing heat loss through a new casing, and outfitting new
digital interfaces for increased control of the process. Finally, increased process efficiencies were achieved
through standardization processes such as the use of a production board. Upon completion of the project,
Plastonics will have a more capable and efficient production process in their Small Parts Department
allowing them to meet their new demand levels.
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Not Pictured – Mechanical Engineering Team: Steven
Nilla, Jordan Weiss and William Muenzinger, Professor
Cooper
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Team #1: Characterization of
Homogeneity in Polyethylene
Cable Insulation

Sponsored by Marmon Innovation and
Technology
Sponsor Advisor: Dr. Dan Masakowski

Owen Casey, Ashleigh Scahill, Josiah Morgan,
and Tochukwu Njoku (not pictured)

148

MATERIALS SCIENCE & ENGINEERING

Polyolefin-based cables are fabricated by Marmon Innovation and Technology. These cables are used in
industrial applications, where they are exposed to harsh environments. The cables are made from a blend of
high-density polyethylene (HDPE) and low-density polyethylene (LDPE). LDPE has long chain branches
comprising ethyl and butyl groups at concentrations that negatively affect crystallization. HDPE has mainly linear
chain branches, very few flaws, and a high degree of crystallinity. Blends of LDPE and HDPE are used in cable
applications because of their balanced mechanical properties and ease of processing.
However, due to differences between the structures of LDPE and HDPE, separation of the HDPE/LDPE
blend occurs almost immediately upon cable fabrication. In addition, due to thermal and radiation exposure,
degradation of the polymer cable jacket occurs, and ultimately results in underperformance relative to industry
standards. When used in the nuclear power plant industry, the standards require that the cable maintain a
minimum of 250% elongation to be considered satisfactory.
This project examines a model cable formulation, consisting only of an HDPE/LDPE blend and antioxidants,
in order to identify relationships between the structure of the blend and the mechanisms of degradation. An
experiment is designed to quantify the homogeneity of a series of samples prepared under controlled aging
conditions. Characterization of the aged specimens by density measurements, x-ray diffraction and differential
scanning calorimetry is used to establish a correlation between the blend structure and the onset of thermooxidative and thermomechanical degradation leading to brittleness and reduced time-to-failure during
elongation. To observe and understand this degradation, various sets of samples were used. The sets were
either aged for approximately 65 days or newly manufactured, then half of these samples were radiation
crosslinked. The ultimate goal is to develop a concrete understanding of the degradation mechanism and a
method to quantify homogeneity through various processing parameters.

Team #2: Alpha Case in
Commercially Pure Titanium
Sponsored by: Ulbrich
Sponsor Advisor: Sean Ketchum

Alpha case is a metastable phase of titanium that forms during the annealing of commercially pure titanium. It
is an oxygen-enriched phase that causes embrittlement at the surface of the sample. This can cause
premature failure during creation of a part, such as deep drawing, or later, when the part is in use and under
mechanical pressure. Testing must be completed in order to learn the temperature range at which alpha case
is achieved, as well as identifying alpha case growth at all on specific grades of commercially pure titanium. If
alpha case can be proven to grow or not grow on certain grades of titanium, than preventative measures will
not have to be taken in order to combat said growth.
Testing will be done by first heat treating different samples of commercially pure titanium, in order to identify
the range at which alpha case grows. In addition, this will also yield results on if alpha case growth is even
achievable on certain grades of titanium. Once heat treated, samples are mounted, polished, and etched in
order to locate differences in grain structure, indicating the formation of alpha case. Different etchants are
used in order to identify the best chemical reagent in identifying differences in grain structure at the surface.
Results have thus far shown that alpha case is forming on grade 9, commercially pure titanium, while no
growth has been identified on grades 1 and 2. This is hypothetically caused by the differences in phase
presence between grades, as grade 9 is an alpha-beta alloy, whereas grades 1 and 2 are commercially pure
titanium.
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Sam Guerra, Matt
McKenna, Zach Florio, Andrew Boucher

Team #3: Recrystallization
During Continuous Annealing
of 300 Series Stainless Steel
Sponsored by: Ulbrich Stainless Steels and
Specialty Metals
Sponsor Advisor: Will Keenan + Sean Ketchum
Group Members from Left to Right: Eric Jonsson,
Josh Motley, and Matthew Kall

Top: As-Received 304 Sheet, Bottom:
Sensitized 304 Sheet

Micrograph 500x: As-Received 304 Sheet
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Ulbrich Stainless Steels and Specialty Metals are a precision re-roller and distributor of stainless steel
strip, along with many other alloys. They maintain several annealing furnaces in order to heat-treat cold rolled
metal sheets. Heat-treating metal alloys is a fundamental secondary processing technique that increases
properties like ductility and toughness lost during the cold work process. This senior design project is centered
on designing a test to verify that Ulbrich’s continuous annealing furnaces function according to ISO standards.
Austenitic stainless steels are often annealed to alter their properties for specific applications. Ulbrich has
provided grade 304 stainless steel samples to establish a proper test method for the annealing process.
Currently, a thermocouple is tacked onto the steel samples and the temperature vs. time curve is recorded as
it travels through the furnace. However, this risks damage to the machine from the thermocouple wire. It
would be much easier if a piece of steel with known properties were passed through the furnace. Final
examination of the microstructure and fraction of recrystallized grains could be used to complete the test. This
will save production time and provide further evidence to Ulbrich’s customers that the furnaces are operating
correctly.
This project will consider two methods. The first is that the sole criterion for determining the desired
recrystallized grain structure is the peak temperature the samples reach. However, the other idea is that the
amount of time the samples are held at a temperature below this peak temperature may also yield the proper
grain size. The end goal is to determine which process gives comparable properties to the current heat
treatment technique used at Ulbrich. If the difference in recrystallization is larger over the range of max
temperatures than the range of times above the recrystallization temperature, temperature can be deemed the
more important variable.
The most important tasks involved in this project are the annealing process and post heat treatment
characterization techniques. Furnaces at UConn provide the necessary temperature range for the
experiments. Visible light microscopy can image and measure the fraction of recrystallized grains in the steel.
Hardness measurements pre and post heat treatment yield data that verify the annealing process.

Team #4: Surface Readiness for
Adhesion
Sponsored by: Sikorsky, Lockheed Martin
Sponsor Advisor: Dr. Xiaomei Yu

The need for a fast acting, reliable, easy to use, and low cost characterization method to determine surface
readiness for adhesion is required. Adhesion is important in the aerospace industry for structural bonding and
coating applications. These bonding failures can result in expensive costs if they happen during the
manufacturing process, and a lack of customer satisfaction should they occur in the field. The current test being
used by industry standards is the water break test, which tests for the cleanliness of the material surface, yet
ignores several important factors and occasionally provides false readings because of factors that could affect
the readiness level for adhesion. Aside from the water break test, the other existing method used to determine
surface readiness is analyzing how well the instructions for surface preparation were followed. This has led to
many surface failures, especially when samples with prepared surfaces are left on a shelf for an undetermined
period before the adhesive coating or paint primer is applied. This problem is found commonly on anodized
aluminum, composite, and Plexiglas substrates.
The goal of this project is to develop a characterization technique for the determination of the adhesive readiness
of three broad types of materials: anodized aluminum, acrylic glass, and epoxy thermoset composites. Adhesion
failures are costly and time consuming issues; current test methods for determining adhesion readiness can
result in false positives. This project’s methods must be quick, easy-to-use, low cost, and reliable. There are
three primary parameters that must be quantified, surface topography (roughness), surface energy, and surface
composition. Surface roughness will be quantified by taking R a and Rz measurements in profilometry and AFM,
surface energy will be calculated through goniometry, and surface composition will be measured using GC/MS
and XRD. The overall objective is to determine a quantifiable pass/fail criterion for adhesion readiness for the
three substrate types.

Sikorsky MH-60 SEAHAWK
Helicopter

Sikorsky UH-60 Black Hawk
Helicopter
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Group Members (from left to right): Leopoldo
Valencia, Alexander Berry, Andrew Jeffery, Zachary
Thatcher

Team #5: Performance Testing
of Tubing Encapsulated Cables
Sponsored by: Rockbestos Suprenant
Sponsor Advisor: Scott Magner, Jason Vilakis
From left to right: Ryan Chapman, Emily Shallo,
Michael Martin, and Brendan McLarty

Base

Cladding

Weld
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Downhole drilling is the practice of extracting materials locked deep below the Earth’s crust. In most
cases this is used to recover crude oil which is then refined into the petroleum products we use every day. The
depths of oil wells can reach as far down as 40,000 feet below sea level where temperatures can be as high as
500°F, pressures can reach 16,000 psi, and the harsh environment can contain highly corrosive chemicals like
hydrogen sulfide (H2S).
RSCC manufactures electrical wire products that can resist such forbidding oil well conditions and
provide an electrical connection all the way down to the drill head. Such a feat is possible because of the
protective metal cladding surrounding the electrical current carrying core. RSCC usually uses a cladding made
of a nickel-based superalloy in the Incoloy family of alloys, chosen for its high corrosion resistance. But RSCC
would like to increase wire strength so a stronger grade of Incoloy cladding will be used. This particular Incoloy
has seldom, if ever, been used for such an application and little is known about its corrosion characteristics in
oil well conditions. The goal of this project is to identify the major mode of chemical attack so recommendations
can be made to RSCC on product handling to improve the product’s lifespan.
Initial experiments were conducted by cutting samples of both grades of Incoloy and soaking them in
sulfuric acid (H2SO4) to see what forms of corrosion dominated. Sulfuric acid was used due to the dangers
associated with handling a gaseous, corrosive, flammable and toxic chemical like hydrogen sulfide along with
the theory that sulfuric acid would attack the metal in a similar way. Scanning Electron Microscopy (SEM) was
used to analyze the fracture surface of the samples. It is thought the interface between the TIG weld bead and
the base metal is where corrosion is most likely to occur due to microstructural differences so careful analysis
of this region was conducted.
Based on current literature research and testing, it is believed the major form of chemical attack this
new wire may experience in the environmental conditions is stress corrosion cracking. Further testing is being
done to see which factors are the most influential to stress corrosion cracking and what practical steps can be
taken to prevent it from occurring in the field.

Team #6: Characterization of
Tensile Mechanical Properties
of Biodegradable Polymers
Sponsored by: Medtronic

From left to right: Jarred Correira, Zachary
Kerschner, Alexis Jensen, Jessica LeClerc, and
Michael Murelli

As one of the leading companies in biomedical engineering, Medtronic is constantly developing new polymers
and improving upon existing ones. As such, they have asked the UConn team to perform mechanical tests on
four new polymers: L1, L4, L11, and L21. These polymers are composed of polylactide and polyglycolide,
which are safe and suitable for internal implantation and are currently being used as hernia mesh clips. This
blend of polymers is very efficient as it is both biodegradable and adaptable; the rate of degradation can be
changed by modifying the ratio between the two component polymers. The purpose of this study is to test the
tensile properties of each composition, and to study their behavior and mechanical properties after undergoing
in vitro testing in Sorenson’s buffer solution. However, the small size and nature of the samples makes
obtaining accurate measurements difficult using conventional tensile testing methods.
To conduct these tests, the UConn team needs to develop a working homemade extensometer. The current
setup uses a traveling microscope and digital camera to capture the movement of two marks on the sample.
Each pixel of movement is converted into microns, generating a displacement vs. time curve. Compiling this
data with the load vs time data from the tensile tester will allow the creation of accurate stress/strain curves.
These curves will change as the samples degrade, allowing for the development of strength loss curves for the
polymer samples. These data will allow Medtronic, vendors, and clients to accurately predict when products
made from these polymers will fail, and select them accordingly. Medtronic has asked the student team to
develop this test method in the hopes of using it to characterize further polymers in collaboration with the
University of Connecticut.
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Sponsor Advisor: Darlene Nebinger and
Michael Morsches

Team 7: Cryogenic Processing of
EBM Ti -6Al-4V
Sponsored by: UTC Aerospace Systems

Left to right: Jordan Kovacs, Brendan Hans,

Sponsor Advisor: Mr. Sergey Mironets

Alexander Kinstler, Kevin Tran, Amanda Giroux

Additive manufacturing is poised to have a transformative impact on the aerospace industry. Additive
manufacturing offers increased precision, flexibility, and efficient material use compared to traditional metal
manufacturing techniques. UTC Aerospace Systems (UTAS) has investigated electron beam melting (EBM) as
an additive manufacturing process for Ti-6Al-4V, an α+β titanium alloy used pervasively in the industry
because of its excellent properties, such as high specific strength and corrosion resistance. Its other
mechanical properties, specifically ductility and fatigue life, are two limiting factors of its potential applications.
It is necessary to develop a post-process for EBM Ti-6Al-4V to produce desirable mechanical properties.
Recent studies have suggested that processing with cryogenics conditions can improve the mechanical
properties of Ti-6Al-4V. The goal of this study is to determine the relationship between cryogenic treatment and
the microstructure of the EBM Ti-6Al-4V alloy. This will yield an understanding of how control and optimization
of the morphology and phase ratios of the α and β phases affects its mechanical properties, allowing
guidelines for an optimal thermomechanical process to be developed. If such a process is practically
implemented, the additively manufacture alloy can be considered as a competitive material choice for a wide
variety of aerospace applications.
An experiment to investigate the effects of cryogenic treatment, ageing treatment, Hot Isostatic Pressing
treatment, and a combination of such on the mechanical properties and microstructure of EBM Ti-6Al-4V was
set up using eight different tensile test groups, each with a different combination of processing treatment
conditions. Cylindrical dog-boned specimen samples used in tensile testing were machined to ASTM
E8/E8M16a and ISO 898-1 standards. Investigation of fatigue life involved one test group, of which the
samples were subjected to the processing conditions found optimal in tensile testing. Success was determined
by an improvement of Percent Elongation (E%), Percent Reduction in Area (RA%), and High Cycle Fatigue
(HCF) with minimal reduction of Ultimate Tensile Strength and Yield Strength at ambient and elevated
temperatures. Scanning Electron Microscopy was used to examine and characterize the microstructures of
samples in the different test groups. It is expected that a reduction in the β phase improves the mechanical
properties of EBM Ti-6Al-4V.
(a )

Figure. (a) Billet and tensile specimen
(b) Uni- axial tensile test
(c) Fracture surface

(b)

(c)
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Team #8: Ceramic Membrane
for Partial Reduction of Total
Dissolved Salts
Sponsored by: KX Technologies LLC
Sponsor Advisor: Dr. Frank Brigano
William Li

Group Photo: Benjamin Thieken, Fresia Morales,
Jonathan White.

One potential path that shows promise for TDS reduction is ceramic membranes composed of
zeolites. Zeolites are nano-porous ceramics, much like clays, which are highly configurable both chemically
and structurally. Due to their chemical and nano-porous nature, Zeolites have found applications as
absorbents, catalysts and molecular sieves. Extensive work has been done on the synthesis of a variety of
different zeolites for specific applications within these three fields. Our group aims to investigate the viability of
a zeolite molecular sieve that can effectively block salt ions in water without hindrance to the water molecules
themselves.
In this project we have tested sponsor supplied zeolite membranes and explored 3 rd party samples for
their ability to reduce TDS in a simple water filtration system. These membranes are then characterized to
identify crystallography, microstructural features and constituents present. From this information, investigation
on different synthesis methods for ceramic zeolite membranes can be done. This includes both the creation of
zeolite seed crystals from the modification of fly ashes and clays as well as the analysis and synthesis of
substrates for the hydrothermal growth of zeolite membranes.
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Project Description:
Water; a necessity for life on Earth. However, it’s capability to dissolve broad arrays of substances
can often pose issues. A simple example of this are basic salts. High concentrations of total dissolved salts
(TDS) cause issues not only with personal water usage, but commercial and industrial usages as well. The
capability to control TDS in water is thus a very important and useful trait for water treatment facilities. By
creating cost-effective methods for reducing TDS we can make water treatment easier and more affordable,
allowing for cleaner cheaper water around the globe.

As one of NASA’s partners for the eXploration Systems and Habitation (X-Hab) Academic
Innovation Challenge 2017, UConn’s multidisciplinary team was tasked with designing and building
an integrated Additive Manufacturing Center with the capabilities of 3D printing and recycling
engineering thermoplastics in a single unit. NASA has identified this system as key to the success of
future missions to Mars. One of the main objectives for NASA is to reduce the weight of raw filament
being transported to space. Recycling waste plastic from food packaging, tools, and waste support
material will allow for a sustainable product life cycle and give astronauts increased flexibility in their
experiments and missions. In addition to design and fabrication of the unit, another objective of ours
is to study the properties of various plastics through the process of printing and recycling.
The team has used a systems engineering approach, purchasing a commercially available,
open-source 3D printer as well as a newly developed recycling unit. We chose a Lulzbot Taz-Mini
for our 3D printer, which we have outfitted with a custom automatic part removal system, and a
linear actuator controlled drive gear. We have also purchased the RedeTech Protocycler,a
recycling unit that will consistently grind the plastic, melt, extrude, and spool the new filament. The
goal is for the process to be as automated as possible to guarantee repeatable parts with minimal
astronaut interaction with the system. In addition to the mechanical automation upgrades we have
made to the system, we have also developed a webpage using Octoprint that will act as the control
interface for astronauts and engineers on earth.
Nasa has specified certain criteria to determine a successful end result. The complete
system of the printer and recycler needs to fit in a locker with four cubic feet of space, and meet
certain power consumption and weight limits. Various mechanical tests have been performed to
determine the characteristics of ASA, Ultem, PETG, and ABS. We used ABS as our baseline,
however PETG has displayed the best overall properties so far. We also believe that PETG will hold
its properties the best after multiple recycling cycles compared to the other plastics.
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Team #10: Pump Cover &
Solenoid Assembly Design
Sponsored by: Stanadyne
Sponsor Advisor: Fred Golja
Cameron Hansel, Mwamburi Mkaya, Jacob Mount

The new cover assembly must be simplified and consolidate all of the current components and their functions.
It must be able to withstand all of the current functional demands as the existing cover in addition to utilizing
the same fasteners since the new cover has to be backwards compatible, as the pump itself is not being
redesigned. Additional requirements include a tamper proof feature, and cost effectiveness. The part would
ideally be a material that can be either cast or molded in order to retain the ease of manufacturing of the
assembly housing in large quantities. Utilizing a plastic material for the casing would allow several components
used for electrical isolation of the solenoid leads to be eliminated from the assembly. The material must also
have the ability to function properly within the conditions listed above. From these design constraints the
candidate materials for the redesign include Teflon FEP, PTFE, Nylon 6/6 and Nylon 6/6 GF30.
CAD software will be used to model the new design as well as software to analyze the effects of the stresses,
strains, and vibrations that the new design will undergo. The final product will go through numerous part
validation tests which include: Functional Test, Durability Test, Fuel Compatibility Test, Vibration Tests,
Thermal Cycle Tests, Temperature Rise Test, Salt Spray Test, and Torque to Failure Test. Stanadyne will be
responsible for these tests as they take months to years to complete.

Cover assembly schematic

CAD analysis of current pump cover
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CAD redesign of new cover
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The main objective of this project is to redesign the cover and electric shut-off (ESO) assembly for Stanadyne
diesel fuel injection pumps in order to reduce the number of parts and assembly time required for Stanadyne
to produce the cover. In order to accomplish this, the material selection of the cover casing is imperative.
Researching and selecting a new material to replace the Cast Aluminum A-380 as well as redesigning the
ESO solenoid mechanism dictates much of the project. The current cover assembly consists of three
subcomponents that include a total of 18 various parts that are assembled by a worker. The gasket is made up
of 5 components, the ESO Solenoid Assembly is made up of 9 components, and the return line has 4
components. Dealing with the numerous small parts required to produce the assembly results in a large
amount of time needed to produce one assembly.

Team #11: Materials Selection
in Sustainable Product Design
Sponsored by: Pratt & Whitney
Sponsor Advisor: Dr. Amra Peles

Project Team: Jack Persico, Brian Keane, Kevin
Gryk, and Mohamad Daeipour

This project involved the development of a MATLAB program that can survey and categorize previously
identified design specifications. The program executes computations of restricted substance content in design
specifications. Formulas have been derived for materials weight percent computations using specification data
and specific object geometries. Trends relating quantities such as surface area, aspect ratio, and coating
thickness were established to provide a better idea of how these properties are related, and were used to
inform decision making in the program design. The program is capable of accommodating a number of userdefined inputs and outputs depending on the needs of the operator. Materials were categorized according to
weight percent of a given SVHC, and materials were identified as being either always, never, or sometimes in
violation of REACH standards. GRANTA CES Selector software was then used to generate Ashby charts and
identify possible viable alternative materials.
Pratt & Whitney imposes the highest quality criteria for engine performance and responsible energy
consumption. Product designs must meet both performance and sustainability criteria to provide the best,
safest, and most efficient product. This project plays in essential role in helping Pratt & Whitney achieve their
goals.
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Material selection in product design is essential in ensuring a product is safely functional for the duration of its
life cycle. Sustainable design entails solutions that keep in mind the health of both the public and the
environment. This project examines design process, as well as identifies and evaluates use of materials in
design specifications. In particular, materials whose specifications include the use of chemicals in violation of
REACH regulations have been surveyed, and methodology that identifies chemical state and amount of
regulated material present has been developed. REACH is a regulation of the European Union implemented in
order to help improve the protection of human health and the environment from risks that may be imposed by
substances of very high concern (SVHCs). These regulations affect products both imported and manufactured
within the EU’s jurisdiction. In addition to the identification of materials in violation of REACH regulations, this
project examines possible alternative material solutions and input on possible materials development and
replacement has been provided.

Team #12: Effect of Thermal
Exposure on Chromium
Conversion Coatings
Sponsored by: Pratt & Whitney
Sponsor Advisor: Dr. Promila Bhatia
Faculty Advisor: Dr. Prabhakar Singh

Ben Hyde, Ryan Shiring, Alyssa Denno, Jack Morley

The application of chromium conversion coatings (CCC) is a commonly used industrial practice that provides
excellent corrosion protection for a wide range of aluminum alloys. CCCs contain hexavalent and trivalent
chromium, where hexavalent chromium is a known carcinogen that can leach into the environment. The
coatings are also prone to degradation at elevated temperatures. Due to the hazardous nature of these
coatings and their propensity for degradation, many industries are currently engaged in developing an in-depth
understanding of the degradation mechanisms as well as alternative coatings including trivalent chromium
formulations for replacing CCCs. The goal of this study is to compare the performance of a recently developed
trivalent chromium coating with a widely-used coating containing hexavalent chromium. There is specific
interest in the study of the relationship between exposure to elevated temperature and the corrosion inhibiting
performance of these two coatings.
The student team conducted numerous experiments to study the structure and performance of these coatings
on an aluminum 2024 substrate. Samples were prepared and coated according to industrial standards prior to
testing. To test the performance of these coatings after exposure to elevated temperature, coated samples
were subjected to a 24-hour heat treatment at 125C and 175C. These heat-treated samples were compared
with samples that were not heat treated. Samples were tested using a 500-hour Salt-Spray (SS) test according
to ASTM B117 and by Electrochemical Impedance Spectroscopy (EIS). These methods allowed the team to
compare the corrosion resistance of the two coating types. Scanning Electron Microscopy (SEM) was used to
examine the surface of the samples before and after performing any treatment or testing. SEM was used to
better understand the relationship between coating breakdown and surface morphology. Energy dispersive xray spectroscopy was used to examine the chemical composition of surface features that might contribute to
the performance of these coatings.
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Project Description:

Team 13: Accelerated Aging
and Failure
Analysis of
Team
13: Accelerated
Aging
Polyurethane
Adhesive
and
Failure Analysis
of
Polyurethane Adhesive
Sponsored by: Pratt & Whitney
Sponsor Advisor:
John Harner
Sponsored
by: PrattDr.
& Whitney

From left to right: Christopher Didero-Gonzalez,
Dion Buterbaugh, Aaron Gladstein, and Jay Latimer
From left to right: Christopher Didero-Gonzalez,
Dion Buterbaugh, Aaron Gladstein, and Jay Latimer

Sponsor Advisor: Dr. John Harner
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Pratt and Whitney (P&W), a leader in jet engine technology, is on the forefront of creating new methods to
reduce engine weight and fuel consumption associated with engine runtime. Fuel efficiency continues to be a
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Team #14: Advanced Adhesive
`
Bonding
Optimization
Sponsored by: ASML
Sponsor Advisor: Dr. Andy Judge
Faculty Advisor: Dr. Pamir Alpay

Nathaniel Santos, Justin Webster, Dr. Pamir Alpay

This extensive investigation aided in the construction of superior bonding techniques and epoxy
deposition well (bottom right picture) construction. Three phases of experimental materials testing were
conducted concurrently with computational analysis. Phase I of the experimental regime was performed to
evaluate liquid epoxy wicking on currently used materials in the glass to metal bond (bottom left picture).
Phase II explored wicking with respect to more complex geometries using methodology similar to Phase I.
Phase III experimentation encompassed surface property and adhesive well geometry evaluation. Finite
element analysis pertaining to wicking modeling was explored, however, due to the time and resource
constraints on this project, the analysis is intended to be complementary to the empirical results. A twodimensional MatLab model of a single drop of polymer spreading in between two dissimilar surfaces was
created to predict the behavior of the epoxy (bottom middle picture).
A set of tunable parameters and their effects was created from the computational and experimental
analysis completed. This includes surface treatments for the metal and geometric barrier designs for the
adhesive wells. These adjustments will allow ASML to optimize their adhesive bonds in their state of the art
Ultra Violet lithography machines.

161

MATERIALS SCIENCE & ENGINEERING

Glass to metal bonding via two part epoxy adhesives and its wicking phenomenon were investigated
and optimized through numerical modeling and experimentation. ASML is the global-leading producer of
photolithography machines. The precise, glass optics inside these machines are bonded to steel or titanium
mounts by epoxy injected into miniscule wells in the metal surface. Occasionally, the surface energies of the
glass, metal, and epoxy may cause the epoxy to wick away from the injection site and into less desirable
locations. While the bonds are still strong with wicking, they could be stronger without it. The ability to control
wicking of the time reacting non-Newtonian epoxy fluid through various barrier methods is highly desirable for
manufacturing processes where consistent high strength glass to metal bonds are necessary. Thus, the
physics behind wicking, ways to control it, and new well designs were investigated.
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Team 1: Advanced Adhesive
Bonding Optimization
Sponsored by: ASML
Sponsor Advisor: Dr. Andy Judge
Faculty Advisor: Dr. Zhanzhan Jia

Garrett Taylor, Shawn Sweeney, Kaitlin Dennison,
Dr. Zhanzhan Jia

This extensive investigation aided in the construction of superior bonding techniques and epoxy deposition
well (bottom right picture) construction. Three phases of experimental materials testing were conducted
concurrently with computational analysis. Phase I of the experimental regime was performed to evaluate
liquid epoxy wicking on currently used materials in the glass to metal bond (bottom left picture). Phase II
explored wicking with respect to more complex geometries using methodology similar to Phase I. Phase
III experimentation encompassed surface property and adhesive well geometry evaluation. Finite element
analysis pertaining to wicking modeling was explored, however, due to the time and resource constraints on
this project, the analysis is intended to be complementary to the empirical results. A two-dimensional MatLab
model of a single drop of polymer spreading in between two dissimilar surfaces was created to predict the
behavior of the epoxy (bottom middle picture).
A set of tunable parameters and their effects was created from the computational and experimental analysis
completed. This includes surface treatments for the metal and geometric barrier designs for the adhesive
wells. These adjustments will allow ASML to optimize their adhesive bonds in their state of the art Ultra Violet
lithography machines.
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Glass to metal bonding via two part epoxy adhesives and its wicking phenomenon were investigated
and optimized through numerical modeling and experimentation. ASML is the global-leading producer of
photolithography machines. The precise, glass optics inside these machines are bonded to steel or titanium
mounts by epoxy injected into miniscule wells in the metal surface. Occasionally, the surface energies of
the glass, metal, and epoxy may cause the epoxy to wick away from the injection site. The ability to control
wicking of the time reacting non-Newtonian epoxy fluid through various barrier methods is highly desirable
for manufacturing processes where consistent high strength glass to metal bonds are necessary. Thus, the
physics behind wicking, ways to control it, and new well designs were investigated.

Team 2: Spring Material
Fatigue Tester
Sponsored by: Associated Spring
Sponsor Advisor: Jason Sicotte
Faculty Advisor: Prof. Dianyun Zhang

Justin Burke, Daniel DeWitt, Chris Jastrzebski,
Professor Dianyun Zhang

Therefore, Team 2 has been tasked with designing and building a spring material fatigue tester that will test
trapezoidal spring material coupons by deflecting them until failure. The deflection will induce a stress in the
coupon which, along with a count on the number of cycles until failure, a Stress vs. Fatigue Life curve for
various coupon thicknesses and Rockwell hardnesses will be created. The tester will be designed to perform
a two point cantilever-type bending fatigue test and will be powered by a 3 HP AC variable speed motor. In
addition, the tester design will include a break detection feature that will stop the motor from running when the
coupon breaks and an electronic counter that will count the number of cycles until failure.
After fabrication of the tester was complete and the safety features implemented, a quick verification of the
induced stress was determined using a simple strain gage connected to the coupon. Once this was verified
and the operation of the tester was deemed satisfactory, coupon specimens provided by Associated were
tested and the data recorded. Along with the S-N curves that were sent to Associated, Team 2 also compiled a
master list of the necessary adjustments needed to be made to the tester to impose a specific deflection, since
the deflection is applied to the clamp that is holding the coupon and not the coupon itself.
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Associated Spring, a member of the Barnes Group, is a world leader in the manufacture of springs and
precision metal components to fulfill the needs of a variety of industries. The Bristol division of Associated
Spring deals mostly with the manufacturing of precision spring stampings for use in the automotive world. A
major component in the design of high performance springs is their fatigue capability since they are subjected
to extremely high loads that are repeated over millions of cycles. Associated produces components with a
range of Rockwell harnesses, although its effect on fatigue life is not well defined.

Team 3: Transmission Spring
Sorting and Stacking Device
Sponsored by: Associated Spring
Sponsor Advisor: Steve Wilder
Faculty Advisor: Dr. Vito Moreno

Matthew Poon, Prayush Singh, Xhoni Agolli, Dr.
Vito Moreno

A number of different concepts were tested and modified to meet this objective. The finalized design developed
funnels springs into a channel as they are dumped from the bin in which they are contained. Flat springs
slide down the channel and fall through a hole onto a tapered shaft to be stacked. Tapered Belleville springs
are filtered into two separate stacks by wedged rails. Belleville springs entering the channel with the conical
taper downward facing are lifted up by the rails and dropped into one stack while the Belleville springs that
are tapered upwards and pass under the rails and fall into a separate stack, thus producing two stacks of
homogeneously oriented springs. A tumbling mechanism was incorporated into the design before springs are
funneled into the channel as there is a tendency for springs to tangle up and catch on one another and need
to be separated before sorting. The tumbling mechanism consists of a cylindrical rotating tube driven by an
electric motor and belt. The inside of the tube contains angled splines which help catch and tumble the springs.
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Automobiles require a wide variety of springs in their automatic transmission systems. The springs used
include wave and flat washer springs, as well as Belleville Springs, which have a frusto-conical shape. The
springs control the motion of clutches and planetary gear sets, and are manufactured in a process involving
stamping, tumbling, and heat treatment. In the current manufacturing process, springs are dumped into bins
after certain processes and have to be manually stacked in a labor-intensive manner before they can be fed
into the next process. Belleville springs must all be oriented in the same manner when they are stacked. The
goal of this project is to develop a working prototype of a device capable of mechanizing this stacking process.
The design presented should reduce the need of manual labor and time required to complete the stacking
process.

Team 4: Development of Tool
Design Rules for Optimized
Milling Applications
Sponsored by: Barnes Aerospace
Sponsor Advisor: Mr. Paul Omichinski
Faculty Advisor: Professor Julian Norato

From left to right: Joe Licciardi, William Biglin and
Faculty Sponsor Julian Norato

To test and ensure that these workflows were robust, the workflows were used to create a fixture for a part
Barnes Aerospace manufactures regularly. By following the diagrams, Team #4 was able to build a fixture that,
through finite element analysis, was shown to be robust enough to endure the necessary procedures on the
part. This new fixture was constructed and compared to a fixture Barnes Aerospace had used to previously
manufacture this part. To test for success of these workflow charts the new fixture needed to be lighter,
cheaper and easier to manufacture than the older fixture made without using these diagrams.
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Barnes Aerospace is a manufacturer of high end aerospace parts. As a continuation of last year’s Barnes
Aerospace Project, Development of Workflows for Work Holding Tool Design, Barnes Aerospace has been
interested in formulating a set of guidelines for tool makers to reference when assembling tools to hold parts
through different machining operations. These tools, also known as fixtures, can be costly to manufacture,
very heavy and can take weeks to plan and manufacture. For their current tool assembly procedures, Barnes
employs an empirical one based on experience rather than analytical analysis. By taking a more analytical
approach, flaws or weaknesses in the design can be determined and fixed before assembly begins. An
analytical approach can also reduce the amount and type of material used in fixture assembly. This project
focused entirely on how to quantify this process for milling procedures in particular (conventional, climb, end,
peripheral etc.). The set of guidelines, visually represented as workflow diagrams, that Team #4 completed
analyzes the current machining operations used at Barnes Aerospace and identifies key decision points where
optimal materials can be used in certain scenarios. The workflows focus on making decisions on different types
of clamps, material selection and picking an optimal locator structure.

Team 5: Heat transfer &
pressure drop coefficients for
plate fin, oval tube crossflow
heat exchanger cores.
Sponsored by: BGR Radiator
Sponsor Advisor: Mr. Todd Parcinski
Faculty Advisor: Prof. Tom Mealy

Members: Right to left
Eric Alexanderescu, Alexander Wood,
Prof. Tom Mealy.

To achieve the goal of accurate simulation of heat exchanger systems, BGR Radiator tasked our team with
running tests on a variety of scaled down radiator cores and comparing the data obtained from the experiments
to a model called INSTINCTCode, a software widely used throughout the industry to simulate heat exchanger
properties. The tests conducted involved pumping heated water through the core while air was forced through
the fins running perpendicular to the water flow via use of a wind tunnel. Sensors positioned in the rig sampled
temperature, pressure, and flow rate data for both the air and water, which was fed to the data acquisition
software. Steady state readings of the data were achieved following modifications to the procedure as well
as rig design. A total of 12 cores have been tested in this fashion, all with accurate data acquired. In addition
to conducting these tests, our team has inputted the radiator geometries and test conditions experienced
in the lab into INSTINCTCode to compare the results of the model to the results obtained during testing. In
comparing the two sets of data, both simulated and experimental, definitive agreement was found.
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BGR Radiator has been manufacturing various types of heat exchangers since its inception decades ago.
Since that time the company has grown from a one man radiator shop into an industry leader in the production
of industrial heat exchangers. Currently, the stringent safety factors imposed on the radiators causes BGR
Radiator to oversize their products by up to 40 percent. With better simulation of the conditions experienced
by the radiators, with emphasis on heat transfer coefficients and pressure drop coefficients, BGR could
drastically cut manufacturing time as well as the cost of materials needed for assembly.

Team 6: Human Solid Waste
Dryer for Pyrolysis Preparation
Sponsored by: Biomass Controls LLC
Sponsor Advisor: Jeff Roy and Jessica Peterson
Faculty Advisor: Dr. Baki Cetegen

From left: Peter Brandon, Alexei Sondergeld,
Edward Anderson, and Dr. Baki Cetegen

Before arriving at the furnace, the waste will already be dewatered mechanically to a moisture content of
around 85 percent water by weight. For efficient and pollution-free pyrolyzation of biomass within the furnace,
the biomass fuel, regardless of what type, must be below 35% moisture by weight when it enters the pyrolysis
pot in the furnace. Therefore, a drying system must be designed that can use the heat released by pyrolysis
to dry the fuel before it is burned. Biomass Controls already has a dryer which is similar to dryers used for
dehydrating food. It uses hot water from a boiler incorporated into the furnace to heat air flowing through a
radiator above the dryer. The fuel is transported by a plastic mesh belt and dried by the hot air being blown
through the belt by large fans. The goal of this project is to improve the dryer in order to recover more energy
from the pyrolysis for energy generation rather than dryer operation. The dryer also needs to be modified so
that it can operate in extreme cold (-40°F) since the most recent application of the dryer is a remote community
in Alaska.
A simple model of the dryer and furnace system was developed in Matlab. This model calculates the minimum
dryer efficiency necessary to provide energy neutral operation. With this model, system parameters can be
varied to simulate possible dryer configurations and operating conditions. A more refined model, which uses
drying kinetics (which is a combination of chemistry, heat transfer, and mass transfer), is in progress. These
models will be used to evaluate multiple potential designs of dryers.

169

MECHANICAL ENGINEERING

The problem of how to dispose of human solid waste, otherwise known as sewage sludge, is an especially
important issue in developing or isolated communities. One solution, which is being pursued by our sponsor,
Biomass Controls, is to pyrolyze it in a specialized furnace, where the waste produces heat and biochar.
Biochar is an activated - charcoal - like substance that has many uses, such as carbon filters, agricultural soil
enhancement, and food additive. It is formed by pyrolyzing fuel with little air at temperatures of under 1800°C.
Above this temperature it combusts and becomes ash, which is useless for the intended purposes of biochar.

Team 7: Automated Separator
Material Inspection Subsystem
Team 7: Automated Separator
Material Inspection Subsystem
Sponsored by: BST Systems
Sponsor Advisor: Mike Capizzano
Faculty Advisor: Dr. Vito Moreno
Sponsored by: BST Systems
Sponsor Advisor: Mike Capizzano
Faculty Advisor: Dr. Vito Moreno

Christian Cannata, William Trickett,
Phillip Ashcroft, Dr. Vito Moreno
Christian Cannata, William Trickett,
Phillip Ashcroft, Dr. Vito Moreno
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BST Systems is a privately-owned manufacturer of high-energy fuel cells. The company focuses primarily on
the design, development and validation of these high energy cells, batteries, and support electronics. One
of BST’s main products, a high-energy fuel cell that sees use in naval applications, utilizes a cellulose based
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Faculty Advisor: Dr. David M. Pierce
Sponsored by: Bucher Emhart Glass
Sponsor Advisor: Robert Ginsberg
Faculty Advisor: Dr. David M. Pierce

Samuel Oeschger, Maxwell McCarron,
James Gentile, Dr. David M. Pierce
Samuel Oeschger, Maxwell McCarron,
James Gentile, Dr. David M. Pierce
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Bucher Emhart Glass is a leading glass container manufacturer in the world. They make a variety of glassware
including bottles and jars. The foundation of all glassware is a gob, which is the extremely hot, molten glass
(~1200 oC), that gets formed by a mold into a container. The purpose of this project is to create an automated
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waste chute. This process is integrated into the workflow by proper timing and controls. The main controller
is a computer utilizing software that can control the pneumatics, as well as read and display the output of the
weighing device.

Team 9: Capewell Solid-State
Cycle Timer
Sponsored by: Capewell Ariel Systems, LLC
Sponsor Advisor: Andrew Smith
Faculty Advisor: Dr. Thanh Nguyen

Joshua Reinert, Patrick Dunham, Dr. Thanh Nguyen

The solid-state timer is designed to control up to 8 individual loads over a preset timing cycle up to
120 seconds long. Each load is powered by 120 VAC and can use up to 15 A of current. Instead of
electromechanical relays, solid-state switches known as TRIACs are used. This enables a lifetime of up to
1,000,000+ switching cycles, compared to 500,000 cycles on the electromechanical timer. The device is
powered by a custom-designed switching power supply, and controlled by an ARM Cortex M0+ microcontroller.
This microcontroller will be able to switch on and off the TRIACS with accuracy of ±10 ms, compared to an
accuracy of ±250 ms on the electromechanical timer. While primarily responsible for the switching of the
TRIACS, the microcontroller also powers a graphic LCD and button pad, allowing for easy in-field adjustments
of timing cycle parameters. In addition, USB connectivity will allow for drastically decreased factory setup time
when uploading the initial timing parameters. With both the older electromechanical device and newer, fully
electronic device having similar production costs, the extended lifetime, ease of use, and improved accuracy of
the solid-state timer make it a clear improvement.
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Marktime, a subsidiary of Capewell Ariel Systems, LLC, produces a wide range of sensing and timing
devices, including a motorized cycle timer. This timer can control numerous devices, including motors,
heating elements, lights, and pumps, per a preset timing schedule. While effective and reliable, the current
electromechanical timer has many aspects which could be improved. To accomplish these improvements, a
new, fully electronic timer is needed. The goal of this project is to replace the electromechanical timer with a
fully electronic, solid-state version to increase the life expectancy, accuracy, and usability of the timer while
maintaining similar manufacturing costs.

Team 10: Automated Ball
Machine
Team 10: Automated Ball
Machine

Sponsored by: Chapman Manufacturing
Sponsor Advisor: Tracy Camassar, Richard Stec
Faculty
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Tang, Dr. Ryan Cooper,
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Dr.
Diane
Van
Scoter
Sponsor Advisor: Tracy Camassar, Richard Stec
Faculty Advisor: Dr. Jiong Tang, Dr. Ryan Cooper,
Dr. Diane Van Scoter

Dr. Jiong Tang, Kyle Dupre, William Kehoe, Albion
Dinkollari, Dr. Ryan Cooper, Dr. Diane Van Scoter
Dr. Jiong Tang, Kyle Dupre, William Kehoe, Albion
Dinkollari, Dr. Ryan Cooper, Dr. Diane Van Scoter
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Chapman Manufacturing produces high-end screwdriver sets that utilize a ball detent design for
interchangeable bits. The objective of this project is to improve the feeding process for the rotary ball machine
used to install this ball detent. Previously, this machine was manually fed by an operator. As a manual
Chapman Manufacturing produces high-end screwdriver sets that utilize a ball detent design for
operation, this is a slow, tedious process that creates a bottleneck, slowing the overall production rate. The
interchangeable bits. The objective of this project is to improve the feeding process for the rotary ball machine
operator must orient the bit laterally, circumferentially, and then insert the bit into the machine. Our goal was
used to install this ball detent. Previously, this machine was manually fed by an operator. As a manual
to design and fabricate a machine that could accomplish these three steps without requiring direct machineoperation, this is a slow, tedious process that creates a bottleneck, slowing the overall production rate. The
operator interaction.
operator must orient the bit laterally, circumferentially, and then insert the bit into the machine. Our goal was
to design and fabricate a machine that could accomplish these three steps without requiring direct machineThe team designed an automated feeding system utilizing a vibratory bowl, a catch system to properly orient
operator interaction.
the bit, an angled chute, a magazine, and a pneumatic piston. The bits begin in a vibratory bowl and travel
through a two-part catch system which orients the bits laterally and circumferentially. The first part of the catch
The team designed an automated feeding system utilizing a vibratory bowl, a catch system to properly orient
is a metal plate that eliminates bits flowing tool-end first from the system by using a feedback loop, where
the bit, an angled chute, a magazine, and a pneumatic piston. The bits begin in a vibratory bowl and travel
the bits traveling tool-end first fall through a specifically-sized gap back to the vibratory bowl. The second
through a two-part catch system which orients the bits laterally and circumferentially. The first part of the catch
stage of the catch causes a rotation of the bit in a circular channel profile, subject to an excitation force from
is a metal plate that eliminates bits flowing tool-end first from the system by using a feedback loop, where
the vibratory bowl, which leads into a pinhole of the same outer profile as the bits, only allowing bits in the
the bits traveling tool-end first fall through a specifically-sized gap back to the vibratory bowl. The second
correct angular position to continue through. The bit then travels down the angled chute into a gravity-driven
stage of the catch causes a rotation of the bit in a circular channel profile, subject to an excitation force from
magazine. The bits fall into the magazine at the same rate that a pneumatic piston forces the bit in the bottom
the vibratory bowl, which leads into a pinhole of the same outer profile as the bits, only allowing bits in the
position of the magazine into the rotary ball machine.
correct angular position to continue through. The bit then travels down the angled chute into a gravity-driven
magazine. The bits fall into the magazine at the same rate that a pneumatic piston forces the bit in the bottom
The design is an affordable and reliable solution. The simplicity of the design allows for easier troubleshooting,
position of the magazine into the rotary ball machine.
which aligns with the mechanical strengths of the Chapman Manufacturing. The current prototype allows for
multiple machines to be overseen by one operator. Implementation of this design will allow for higher output of
The design is an affordable and reliable solution. The simplicity of the design allows for easier troubleshooting,
product and will free up resources for alternative projects.
which aligns with the mechanical strengths of the Chapman Manufacturing. The current prototype allows for
multiple machines to be overseen by one operator. Implementation of this design will allow for higher output of
product and will free up resources for alternative projects.

Team 11: Pre-Cleaner Dust
Separation Performance
Sponsored by: Clarcor Engine Mobile Solutions
Sponsor Advisor: Mr. Ken Dutil
Faculty Advisor: Dr. Tai-Hsi Fan

From left to right: Devin Smith, Nate Shurack,
Professor Tai-Hsi Fan

Several inertial separator designs were initially considered, and two general designs were selected. For
utilization in the filtration system, it was required that the designs be simplistic and passive while not requiring
any additional infrastructure (such as electromechanical means). Cyclone separators (shown in figure 1) were
simulated first, but were only able to separate small ranges of particle sizes. Due to the required shape and
orientation, this design would not efficiently mate with the current filter design and size constraints within the
engine compartment. The second design considered was a cluster of spin tubes (shown in figure 2). The spin
tube design fit well with the orientation and size requirements of the air filter design currently in use. This is due
to the nature of the filtration system where the air flows in one direction through all sections into the air intake.
The spin tube design was first simulated with ANSYS Fluent CFD software, where the parameters, such as
fan angle, fan depth, tube diameter, etc., were iterated to determine the most efficient designs. These optimal
designs were then produced via additive manufacturing and underwent physical testing at a CLARCOR testing
facility. The designs underwent the ISO 5011 Inlet Air Cleaning Equipment for Internal Combustion Engines
and Compressors – Performance Testing using ISO 12103- A4 coarse test dust. The result was a working spin
tube design that can be implemented in future air filter designs.

Figure 1: Cyclone Separator
Figure 2: Spin Tube
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Figure 3: CFD Particle Tracking for Spin Tube

MECHANICAL ENGINEERING

CLARCOR Engine Mobile Solutions (EMS) is currently researching the most efficient engine air intake filter
design. This project is focused on the pre-cleaner portion of the engine air intake filtration system in the
construction and agricultural markets. Due to the area where these filters are being used, there exists a high
concentration of dust and other airborne particles so a pre-cleaner device is utilized before the standard air
filter. The pre-cleaner generally separates at least 70% of the airborne particles using inertial separation
techniques and does not require any maintenance, allowing for larger maintenance intervals for the primary
filter.

Team 12: Connecticut Corsair
Cockpit Simulator
Sponsored by: Connecticut Corsair, LLC
Sponsor Advisor: Craig McBurney
Faculty Advisor: Dr. Nejat Olgac

From left to right: Robert Carlson, Robert Davis,
Ethan Culver, Dr. Nejat Olgac

CT Corsair has tasked Team 12 with continuing the development of the flight simulator. More specifically,
the project has demanded that we make a physical mock-up of the simulator cockpit— incorporating hands
on controls as well as being dimensionally accurate. We have consolidated the SolidWorks models of the
interior components and have selected necessary parts to be fabricated by an outside source. Without the
construction of the final cockpit structure, this mock-up ensures that the interior components being made
are properly fitted. Once the cockpit structure has been produced in the future, this will allow the seamless
integration of the interior components.
The frame of the mock-up consists of plywood and a clear acrylic. This was the simplest and most costefficient way to create the exterior we needed to begin piecing together the components being made. The
clear acrylic allows for outside viewers to see the inner workings of the cockpit while maintaining structural
integrity. With the components being fabricated by an outside source, there was only enough time to make a
limited number. Due to the time constraint, the most significant parts were selected to be made first and were
incorporated into the mock-up as they became available.
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Connecticut Corsair, LLC (CT Corsair) is a volunteer organization dedicated to the restoration of Connecticut’s
Official State Aircraft, the F4U Corsair. The intentions of this organization are to honor Connecticut’s aerospace
history, while promoting and utilizing its current and future aerospace technology and capabilities; to educate
future generations about the Corsair and its contributions on both the local and world stages; as well as, to
inspire students in the field of science, technology, engineering, and math. To replicate the experience of
piloting this famous aircraft, CT Corsair has decided to construct a historically accurate flight simulator. This
assignment has been an ongoing senior design project for several years by three different colleges: UConn,
the University of New Haven, and Trinity College. In the past, teams have designed SolidWorks models of the
cockpit structure as well as numerous interior parts and controls. In addition, teams have modified the motion
base from a generic flight simulator to suit the needs of this specific application.

Team 13: Improving the
Manufacturing Quality of a
Fan Frame
Sponsored by: EDAC Technologies
Sponsor Advisor: Jim Mulvehill
Faculty Advisor: Dr. Vito Moreno

Jake Smith, Dimitriy Kosovay, Katie Wenner,
Dr. Vito Moreno

Extensive research has been conducted on blue laser measurement technology, conoscopic holography,
and adaptive touch probing as potential new techniques for EDAC . To test the repeatability of the technique,
LEGO blocks were chosen to be measured due to their high dimensional accuracy and consistency. In order
to test the accuracy, a new part was milled to replicate some of the complex features of the fan hub frame. The
process capability index was measured and compared for each technique and for each set of measurements
in order to compare between all of them. In addition, an Xbox Kinect was used to find the presence or absence
of features, with the intention of eliminating the reliance on human eyes in EDAC’s inspection process.
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EDAC Technologies is a company with core competencies in the design and manufacturing of complex
precision parts. They have been contracted to manufacture a General Electric fan hub frame of a next
generation engine which is in high demand. The manufacturing process of this part is extremely complicated
as it involves over 200 complex and precise features. . The current total process time for this part is exceeding
what the customer requires, a large part of which is taken up by the inspection process. This consists of a
5 hour overall inspection on a single machine, as well a more error prone measuring methods like manual
measuring. The fan hub frame is an expensive part that is vital to the overall structure of the engine, hence
it is important for tight tolerances on all features. The objective is to discover, research, test and provide
information regarding new measurement techniques to EDAC Technologies in order to improve the efficiency
and accuracy of the production, in process and post process inspection of a fan hub frame of a commercial jet
engine.

Team 14: Stress-Strain
Characterization of
Team
14: Stress-Strain
Thermoplastic
Polymers
Characterization
of
Used in Schick Razors
Sponsored by: EdgewellPolymers
Thermoplastic
Sponsor Advisor: Senior Engineer Christopher Fernald
Used
in Schick
Faculty Advisor:
DianyunRazors
Zhang, Ph.D.
Sponsored by: Edgewell
Sponsor Advisor: Senior Engineer Christopher Fernald
Faculty Advisor: Dianyun Zhang, Ph.D.

Robert Chambers, Meghan Pirsig, Nathan Kopp,
Dianyun Zhang, Ph.D.
Robert Chambers, Meghan Pirsig, Nathan Kopp,
Dianyun Zhang, Ph.D.
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The material data that is provided by resin manufacturing is often limited to tensile modulus value given at a
single set of test conditions. Effective testing is required to obtain a better understanding of polymer stiffness,
which considers the complete stress-strain curve over a range of testing conditions. For this senior design
project, the stress-strain curves obtained from testing give reliable data over a larger span of strain than
The material data that is provided by resin manufacturing is often limited to tensile modulus value given at a
current available data. ASTM compliant test coupons were provided by Edgewell. Uniaxial tensile testing
single set of test conditions. Effective testing is required to obtain a better understanding of polymer stiffness,
was performed and stress vs. strain data was obtained for the provided coupons. The data obtained from
which considers the complete stress-strain curve over a range of testing conditions. For this senior design
testing is verified using finite element analysis (FEA) tools. The goal of this testing is to provide reliable stressproject, the stress-strain curves obtained from testing give reliable data over a larger span of strain than
strain curves and to conduct testing in various testing conditions using various resin coupons. The different
current available data. ASTM compliant test coupons were provided by Edgewell. Uniaxial tensile testing
thermoplastic polymers being tested will be evaluated by Edgewell to find the reliability of the various resins.
was performed and stress vs. strain data was obtained for the provided coupons. The data obtained from
Testing will yield an understanding of which thermoplastic polymer is the most reliable and can withstand
testing is verified using finite element analysis (FEA) tools. The goal of this testing is to provide reliable stressvarious conditions. The goal is to provide Edgewell with more reliable stress-strain data so that Edgewell
strain curves and to conduct testing in various testing conditions using various resin coupons. The different
could potentially change their current razor handle models.
thermoplastic polymers being tested will be evaluated by Edgewell to find the reliability of the various resins.
Testing will yield an understanding of which thermoplastic polymer is the most reliable and can withstand
Testing was performed using the dog bone coupons provided by Edgewell. During testing, the coupons are
various conditions. The goal is to provide Edgewell with more reliable stress-strain data so that Edgewell
loaded into the ADMET uniaxial tensile testing machine and an extensometer is used to measure strain
could potentially change their current razor handle models.
accurately. Testing is conducted in various temperature conditions, with two thermoplastic polymers and with
various colorants. Testing coupons are loaded manually. After testing is conducted, the data is processed and
Testing was performed using the dog bone coupons provided by Edgewell. During testing, the coupons are
stress-strain curves are generated. The experimental results were compared to results from FEA. Linear FEA
loaded into the ADMET uniaxial tensile testing machine and an extensometer is used to measure strain
used SOLIDWORKS to run the simulations and non-linear FEA was conducted using COMSOL Multiphysics.
accurately. Testing is conducted in various temperature conditions, with two thermoplastic polymers and with
Both FEA tools simulated the thermoplastics in various testing conditions. The experimental data for the
various colorants. Testing coupons are loaded manually. After testing is conducted, the data is processed and
stress-strain curves were imputed into COMSOL and this provided Edgewell with a reliable material database
stress-strain curves are generated. The experimental results were compared to results from FEA. Linear FEA
for design and decision making.
used SOLIDWORKS to run the simulations and non-linear FEA was conducted using COMSOL Multiphysics.
Both FEA tools simulated the thermoplastics in various testing conditions. The experimental data for the
stress-strain curves were imputed into COMSOL and this provided Edgewell with a reliable material database
for design and decision making.

Team 15: Test Fixture for Water
Heater Components
Sponsored by: Eemax Inc.
Sponsor Advisor: Eric Jurczyszak and Gabriel Mihu
Faculty Advisor: Dr. Chengyu Cao

Jeff Harrigan, Alex Webb, Professor Chengyu Cao

The way these units are tested to ensure quality entails assembling the unit, then testing each function after
the unit has been fully completed. If a defect is found the system must be diagnosed and disassembled to
replace the component responsible for the defect. Testing units this way has the consequence of higher
rates of quality issues and increased time spent diagnosing and fixing those issues due to the disassembly
that’s required. Eemax would like to move to a system of testing individual components before the final unit is
assembled, this should lead to faster production and lower defection rates of the final unit.
Eemax was able to identify the six parts most likely and our project was to design a system to test each of
these components. The components tested include two different heat sensors, infrared sensors, solid-state
relays, electrical contactors, and the circuit board that controls the unit. Our solution consists of five individual
fixtures to test the six components. This is a joint project with Electrical Engineering Team 1705, who designed
and integrated a software system to automate the testing process as much as possible.

The internal components of an Eemax PhD heater.

Rig used to test heat sensors
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Test system for the infrared sensors
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Eemax, located in Waterbury Connecticut has been producing electric, tankless, on-demand water heaters
since 1988. Since then, they have become leaders in all markets; residential, commercial and industrial. One
of their more recent products incorporates their Parabolic Heat Design (PhD) system, named so for the path
water takes as it passes through the heater. This system is primarily used in commercial and industrial mine or
laboratory settings. Its ability to regulate the temperature within 1-2°F of the target temperature regardless of
whether 3.5 or 25 gallons per minute flows through it makes it ideal for safety showers and eye wash stations.
While its ability to reach temperatures above 165°F make it useful for commercial restaurant settings.

Team 16: Egghead Ice Cream
Cost-effective Manufacturing
Process Development
Sponsored by: Egghead Ice Cream
Sponsor Advisor: Hannah and Kim Pucci
Faculty Advisor: Dr. Jiong Tang &
Dr. Diane Van Scoter

Team 16: Dr. Tang, Shanil Savla, Alex McGuigan,
Myles Gibbs, and Dr. Diane Van Scoter.

Our senior design team has partnered with the Pucci family to develop a cost-effective manufacturing process
to mass produce the egg-shaped novelty ice cream. The objective of our project is provide the Puccis with
detailed information about the product manufacturing and distribution, including the optimal mold plate
design, packaging options, cost analysis, process flow, and distribution outlets. This information should help
demonstrate the viability and cost effectiveness of potential mass production. All of the production costs
associated with this manufacturing process will be estimated and the process should be designed to minimize
these costs without compromising the quality of the ice cream or the aesthetic egg shape.
The team is also working with Bill Sciturro, the manager of dairy manufacturing at the UConn Creamery. Bill
oversees the production of ice cream sold at both the Dairy Bar and is able to provide the team with relevant
information on the manufacturing process and the required equipment for testing. In addition, Professor Diane
Van Scoter and Professor Jiong Tang are the faculty advisors for the senior design team who have provided
professional guidance and design input.
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Egghead Ice Cream is a brand-new way for people of all ages to enjoy ice cream. A quick, fun, and convenient
solution to the tedious hassle of scooping ice cream, Egghead Ice Cream would come pre-packaged in the
shape of an egg designed to fit perfectly into the top of a cone. The single serving eliminates the need for
scooping and provides a novel experience for ice cream consumers. The concept was conceived by Hannah
Pucci at the age of 11 for the 2012 CT Invention Convention and in June 2016, she obtained a patent for
her innovative idea. Hannah would like to demonstrate the market potential and the technical manufacturing
feasibility in order to obtain a licensing deal with an established ice cream producer to manufacture and
distribute the Egghead Ice Cream brand. In the long run, the Pucci family would like for the Egghead Ice
Cream brand to be sold in stores nationwide.

Team 17: Hydraulic Powered
Hinge Actuator
Sponsored by: Electric Boat
Sponsor Advisor: Lee Boltz
Faculty Advisor: Dr. Horea Ilies

Left to Right: Dan Rutkowski, Derek Meier,
Andrew Sampino, Dr. Horea Ilies

The actuator design used for the project is called a rotary vane actuator. It consists of a large cylindrical
housing that is sealed from atmosphere and internally separated in four chambers by two wedge shaped
dividers and two metal plates called “vanes” (bottom left photo). All chambers are completely filled with
hydraulic fluid and are sealed from one another, only connected through a hydraulic hand pump. When the
pump is cranked it moves fluid from the top left and bottom right chambers to the bottom left and top right
chambers creating a pressure difference across the vanes that transfers an output torque through the center
shaft. On the outside of the actuator the cylindrical housing is bolted to the submarine exterior and the shaft
is connected to the hatch so that when pump is cranked the hatch opens. In order to close the hatch a simple
valve system is used to reverse the flow direction. The rotary vane actuator allows for a crew member to open
a hatch well over 500lb by inputting around 20lb at the pump.
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Electric Boat is the one of two shipyards in the United States that manufactures submarines for the US Navy.
EB is currently building VIRGINIA Class submarines, but is also designing the next Ballistic Submarine Class
for the US Navy. Heavy hatches remain the primary entrance and exit methods of the submarines as they
must be durable for marine combat. The weight of these hatches is typically offset by a large torsion spring
around the hinge, making it possible for a crew member to open. In order to further facilitate hatch opening the
torsions springs are being replaced with a hydraulic hinge actuator. The actuator fits in the normal hinge space
of the hatches and applies torque via hand pumped hydraulic fluid to open the 500lb+ hatch. The hydraulic
system is independent of the rest of the ship’s resources so that in times of electrical or mechanical failure the
actuator will still function properly.

Team 18: E-Z Park Automated
Parking System
Sponsored by: Reverge Anselmo
Faculty Advisor: Dr. Bryan Weber
Team 18: Elmedin Uvalic, Michael Espinell,
Dr. Bryan Weber

In order to combat these issues, team “E-Z Park” has developed an autonomous parking system that
makes parking a car more convenient for drivers and makes enforcing parking more efficient and easier for
municipalities. The proposed system will make paying for parking easier by automating the process, thereby
eliminating the need to pay with physical cash. Drivers will no longer need to deal with paying a meter or worry
about over or underpaying for their time in a parking spot. Likewise, it will help drivers find a parking space
quicker which will lead to lower pollution, less traffic, and safer streets. Municipalities will see an increase in
the efficiency of their operations by having more productive employees and greater control over their parking
spaces.
After numerous design iterations, the team decided to stick to a system that utilized an in-vehicle device and a
sensor. This was deemed to be the most cost effective solution and was most attractive to potential customers.
The in-vehicle device can be placed anywhere inside of the car as it does not require any input from the driver.
Its main purpose is to give drivers a unique identifier so they can be charged properly. Each parking space will
have its own wireless sensor, either in-ground or aboveground. The sensor will serve to collect occupancy data
and to communicate with the in-vehicle device whenever a car with the device pulls into the parking space.
This sensor can relay that information to the server and alert users of open parking spaces in the area. A router
that is mounted on a street pole will collect the information and send it to a database that will process the data
and display the most pertinent information to drivers and municipalities via a mobile app and management
software.
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Parking a car in an urban environment can be a frustrating process because it is difficult to pay for parking
and even more difficult to find an open parking space. As a result, drivers waste time looking for parking which
causes traffic and reduces urban mobility. Even after the driver has found a parking space and has paid for
it, they will worry about their time running out and having to re-feed the meter. On the other hand, enforcing
parking is a dangerous and difficult job for enforcement officers. Current solutions are ineffective for enforcing
and are expensive to install and maintain.

Team 19: Computational vs.
Experimental Analysis of Airflow
through Control Dampers
Sponsored by: GE Power
Sponsor Advisor: Spencer Lambrecht
Faculty Advisor: Dr. Savas Tasoglu

Lindsey Bonitz, Daniel Chiriani, Michael
Thibodeau, Professor Savas Tasoglu

This project employs both experimental and computational analysis in order to produce and validate the airflow
curves generated specifically for the GE damper designs included in the study. The primary independent
variables explored in this study are the damper designs, the inlet pressures, and the damper position angle.
ANSYS Fluent is used for the computational analysis. The damper angle is varied in each simulation and
tested using the inlet conditions relevant to field operation. The airflow data points are recorded from each
simulation and combined to produce airflow versus damper curves for both damper designs. This data is then
compared to the experimental analysis. The damper designs are scaled down to be 3D printed. These 3D
prints are then inserted into a test rig that allows the inlet conditions employed in the ANSYS models to be
recreated using a large blower and Plexiglas ductwork. Using pitot tubes inserted into the flow, airflow data is
extracted from this experimental setup for each angle of the damper, allowing the creation of airflow curves
produced experimentally. Comparison of the experimental and analytical approaches is used to validate the
data. This validation will allow for the implementation of this information in GE’s stoichiometric calculations
for emissions, and will provide a deeper understanding of the airflow experienced in boilers currently in
application.
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As the energy industry becomes more competitive and emissions requirements become more stringent,
GE Power works to optimize power plants and improve combustion technologies to limit emissions. The
company seeks to obtain a more comprehensive and relevant understanding of the relationship between
damper configuration and relative airflow into the windbox for a boiler. This objective of this study is to produce
validated airflow versus damper position curves for two different damper designs currently utilized by GE.
These curves will replace the outdated data that is currently used to predict emissions in GE’s boilers.
The importance of the damper as a regulator of the airflow into the windbox is crucial in ensuring that the
amount of excess air available for combustion is known and adjustable, allowing for improved emissions
calculations and regulation. Improved accuracy in the data used for these predictions will allow GE Power to
employ less conservatism in their calculations, making them more competitive.

Team 20: Natural Gas CaneStyle Fuel Assembly Study
Sponsored by: GE Power
Sponsor Advisor: Rachel LaDue
Faculty Advisor: Dr. Xinyu Zhao

Justin DeLarm, Andrew Kelly, Mike Hudon,
Dr. Xinyu Zhao

The RSFC burner uses stratified air in order to create a fuel-rich flame core. The burner consists of a
fuel assembly nested inside of three air inlet zones, each of which injects air at a different speed into the
combustion chamber. In addition, these zones have swirl vanes, which cause the air to spin as it enters the
chamber. The spinning air creates a barrier around the fuel as it exits the fuel assembly, separating it from
the secondary air present in the chamber. GE has tasked us to investigate a high-momentum fuel assembly
design, and if time permits, to investigate a medium-momentum design. Lastly, GE wanted us to compare the
results of our analysis and experimentation with the results of last year’s team (Team 1), who analyzed a lowmomentum design.
Working with an initial high-momentum gas cane design provided by GE, consisting of a collection of individual
canes, we developed several new modifications. All of which were analyzed using ANSYS Fluent to gain
insight to each gas cane’s velocity and pressure characteristics. A medium-momentum fuel assembly, that
does not use gas canes, was designed and analyzed as well. Furthermore, we simulated the interaction of
the assemblies inside of the full-scale burner in order to gain insight into the methane-air mixing conditions
that influence NOx production. By using the mixture fraction of the methane and air mixture, the quality of
the fuel-rich flame core was assessed and the NOx production rate was estimated and compared to that of
the low momentum design. Additionally, a 3D printed model was experimentally tested using a fog machine
and industrial blower. These experimental results were compared to the analytical results for the full-scale
simulation and found to be concurrent.
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GE Power is a world leader in energy generation; utilizing a wide range of methods to do so. In an effort to
make energy generation cleaner, GE wishes to reduce NOx emissions as much as possible. GE has tasked us
with investigating an alternative design for one of their natural gas burners. The Radially Stratified Flame Core
(RSFC) burner, is a round wall-fired burner specifically designed to keep NOx production to a minimum.

Team 21: Bolted Joint
Optimization for Leakage &
Thermal Gradient
Sponsored by: Infotech Aerospace Services (IAS)
Sponsor Advisor: Mr. Roger Paolillo
Faculty Advisor: Dr. Eric Jordan

Anthony Pagett, Alexander Barrett, Gustavo
Torrealba, Advisor Dr. Eric Jordan

Our main objective was to design a test rig that improved on previous work (2015 – 2016 Team 17), simulating
turbulent airflow through the bolted flange connection, with a Reynolds number of at least 10,000. Team 21
conducted thorough heat transfer and thermal analyses to determine the power requirement to meet this
Reynolds number and the air inlet temperature necessary to mimic the typical thermal gradient experienced
by bolted flanges in engine operations. The team constructed a heat gun to meet the power requirement
estimated while delivering the desired inlet air temperature. Upon completion of the test rig and heat gun,
Team 21 conducted experiments simulating no leakage flow, and varying gap sizes with induced leakage flow.
An analytical model was designed by students at the University of Puerto Rico at Mayaguez to validate Team
21’s work.
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Infotech Aerospace Services (IAS) is a joint venture between India’s Cyient, a global engineering services
company, and Connecticut-based Pratt & Whitney, a world leader in flight technology, specializing in the
design, manufacturing and servicing of aircraft engines and auxiliary power units. IAS began operations in
2003, in Puerto Rico, serving as an aerospace technical services center. In the PW4000 engine, the hot
section of the flange joint begins to pull itself apart, causing a leakage through the joint and through the bolt
holes. These bolted flanges also experience a thermal gradient brought on by the hot fluid flowing through
the inner diameter of the connection, and the cold air flowing by the outer diameter of the flanges. While the
leakage is undesirable from a performance standpoint, it is beneficial to the flange’s lifespan, as it relieves
the thermal gradient through the flange, ultimately improving its lifespan by reducing flange thermal fatigue. In
order to study this problem, IAS has tasked us with developing a test rig that will help find the best balance of
leakage so that the lifespan of the flange is increased without jeopardizing engine performance.

Team 22: Validated Air
Response Predictions for
Engine Temperature Gradients
Sponsored by: Infotech Aerospace Services
Sponsor Advisor: Roger Paolillo
Faculty Advisor: Dr. Bryan Weber

Alex Merino, Ryan McGoldrick, Jordan Kaiser,
Prof. Bryan Weber

To better model the geometry of a jet engine an annulus pipe was placed into the existing test section of the
test rig. The diameter of the annulus pipe was determined based on the hydraulic diameter of an engine. Four
surface thermocouples were placed along the outer surface of the annulus pipe and radially aligned with four,
existing probe thermocouples to calculate the radial and axial temperature gradients within the test rig. The
existing thermocouple probes were replaced with shielded versions to eliminate the effects of thermal radiation
on the temperature readings. The air within the test rig was air made more turbulent by increasing the mass
air flow. This was achieved by eliminating the restriction point, a 3/16” plastic hose. The increased turbulence
was validated by calculating the Reynolds Number of the test section and better represents the highly turbulent
environment of an engine. Results of the experiments show that a higher temperature gradient was achieved
and the turbulence of the air was increased, successfully completing the objective of simulating a high power,
high air flow scenario.
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Infotech Aerospace Services (IAS) is a Pratt & Whitney company that provides engineering solutions for the
aerospace industry. In 2015-2016, IAS tasked Team 18 to design and fabricate a test rig that simulates air flow
and heat transfer within a jet engine. Team 18 was able to do so and the experimental results of both air flow
and heat transfer represented heating air in a low air flow, low power (idle) scenario. This year, Team 22 was
tasked with improving the test rig to better model the geometry of an engine during a high power, high air flow
scenario. This can be quantified by observing an increase in the temperature gradients within the test rig. As
was done with last year’s Team 18, UConn’s Team 22 is working with a team of students from the University
of Puerto Rico at Mayaguez, who will handle the Computational Fluid Dynamics (CFD) of the project. The
experimental results obtained from the modified test rig at UConn will be shared with the UPRM team to aid
in the creation and validation of a CFD model that will simulate both air flow and heat transfer within a jet
engine. The second part of the project is to design an impingement ring that will be added to the exterior of
the test section of the rig. The purpose of an impingement ring is to cool the case of the high pressure turbine
of the engine to better match the clearance between jet engine rotor blades and cases. The scaled down
impingement ring will help to cool the exterior of the test rig and produce greater temperature gradients. The
ultimate goal of this project is to acquire data from a test rig with improved geometric modelling, that simulates
air flows and heat transfer inside a jet engine during a high power, high air flow (take-off) scenario. This data
allows IAS to build and validate a CFD model for use in the development of future engines.

Team 23: Monster Power
Equipment Mulch Blower
Sponsored by: Monster Power Equipment
Sponsor Advisor: Dr. Kelli-Marie Vallieres
Faculty Advisor: Mr. Tom Mealy

James Payne, Mikaela Worthington, Daniel
Reilly, Mr. Tom Mealy

The project goal as set in the fall semester was to design and build a full scale working prototype of a powered
mulch spreader capable of pushing mulch a minimum distance of 200 ft. through a 4 in. diameter hose to the
desired point of application. Research on current market options for mulch spreading systems concluded that
the main components are: blower, engine, airlock, hosing, auger and hopper. Testing of the blower showed that
mulch moves very turbulently through the hosing. In order to minimize friction of the mulch against the hose
wall, the airlock has to deliver even amounts of mulch at a consistent rate into the path of the blower. Having
the correct ratio of air and mulch feeding into the system, as determined during testing, allows the mulch to
travel through the hose without clogging. The auger is used to agitate and pull the mulch from the hopper into
the top of the airlock, where it is passed through and evenly distributed into the path of the blower. The auger
and airlock rotate at set speeds depending on which setting is specified by the user to deliver a low, medium,
or high volume of mulch. The system is powered and regulated by a gasoline engine and a hydraulic control
system.
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Monster Power Equipment is a growing manufacturer of landscaping equipment. They offer innovative leaf and
debris management equipment to the landscape professionals in both the commercial and municipal markets.
Their product catalog focuses on leaf and debris removal systems, which includes: skid mounted, truck
mounted, and self-contained truck loaders. Monster focuses on making these products customizable to satisfy
the customer’s specific needs. They are looking to expand and grow their product line to include powered
mulch spreaders; systems that efficiently distribute mulch from a holding container to a landscaping surface.
Since powered mulch spreaders are currently available from only a small number of retailers, cracking into this
market would allow Monster to expand their customer base and further grow their company. Their goal is to
build a product that is geared towards the small, everyday landscaper at an affordable and competitive price.
In order to hold a competitive edge, the product needs to be manufactured at a marketable cost.

Team 24A: Jointless
Centrifugal Mechanism
Sponsored by: Otis Elevators
Sponsor Advisor: Randy Dube
Faculty Advisor: Dr. David Giblin

John Hansell. Ryan Seery, William Meng, Dr.
David Giblin

The team developed a new governor made out of a single thin, flat disc. This design incorporates three lobes
which deflect radially outward to trip the safety mechanism. The simplicity of one piece that does not require
calibration and the cost reduction of saving space and materials makes this a desirable design. The key
phases of this project were the research, design, and modeling of disc designs, the manufacturing of three
prototypes, and the construction of a test rig to determine circularity and expansion of the disc prototypes.
A 3D modeling Computer Aided Design (CAD) software, Solidworks, was used to model the disc designs.
Solidworks was also used to perform finite element analysis (FEA) on the disc to determine the deflection of
the designs and areas of high stress.
An experiment was performed in which the test disc was bolted to a rotating motor at the desired overspeed
condition. A linear variable displacement transformer (LVDT) was applied tangentially to the rotating disc and
connected to LabView to record the radial displacement data. The results showed that the disc displaced
the required 3 mm to activate the switch and would trigger the braking mechanism on the elevator. This
successfully achieved the requirement. However, the window, or portion of the circumference that would did
not reach 3mm and trigger the switch, could still be improved in later design iterations.
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The objective of this project was to create a cheaper and simpler elevator governor that will activate a safety
mechanism at high rotational speeds to cut the power to the sheave and apply the brakes on the car. It must
perform all the same functions as current elevator governors and interface with the existing elevator systems.
Current governors rely on spring or magnetic designs, in which the centrifugal force due to the rotation of the
governor forces the springs to open a certain distance or overcome the resistive magnetic force, causing the
governor to fly open and trip the sensor mechanism. However, these designs are large, complex, and require
frequent calibration to ensure that the springs are set to the correct spring constant or to reset the magnetic
governor after release.

Team 24B: Otis Micro-Dyne
Test Bed
Sponsored by: OTIS Elevator Company
Sponsor Advisor: Dr.Randy Roberts
Faculty Advisor: Dr.Nejat Olgac

Giancarlo Castillo, Nicholas Moran, Nomin
Munkhbat, Dr.Nejat Olgac

Team 24B therefore created a micro-dyne testing rig that replicates the disturbance created when passengers
board and exit an elevator. This was accomplished by creating a spring mass damper system that attaches
to an Otis Gen 2 Motor. The system consists of two main shafts that provide an input force and output force
to the motor. The input shaft is provided with an induced disturbance via a hanging mass system causing
rotational movement, which excites a set of parallel linear springs. The output shaft is connected to the input
shaft via these springs and begins a rotational oscillation. The frequency of this oscillation is adjustable via
rotational mass collars to match the frequency of vertical linear movement of an elevator. The output shaft is
connected to the motor sheave via a timing pulley system, so that the rotational movement between the output
shaft and sheave is mimicked. As the system oscillates a rotary encoder measures the rotational movement
of the input shaft, which then transmits this data to the Gen 2 Motor so that it can counteract this motion. This
results in zero net rotational between the input shaft (elevator room) and the output shaft/motor sheave.
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The Otis Elevator Company’s newest innovation is the Gen 2 Motor System utilizing coated steel belts. This
technology seamlessly replaces the old steel cable system. The Gen 2 Motor System eliminates the need to
a machine room while simultaneously providing a smoother, quieter, and more comfortable ride. However,
the problem of elasticity remains, causing a slight sag within the Coated Steel Belts. This sensation most
prevalent during the unloading and loading of passengers cause a minor height difference between the
entrance of the elevator and the floor of the building. This discrepancy can lead to safety issues such as
tripping and difficulties with wheel chairs. Therefore, Otis needs a method of measuring this height difference,
so that the Gen 2 Motor can correct it almost instantly eliminating any safety concerns. Currently Otis
replicates this disturbance, by taking a cart filled with weights and rolling it on and off a testing elevator. This
procedure is inefficient cost, time, and space wise as it can only be done at a testing facility.

Team 25: Anodizing Masking
through 3D Printing
Sponsored by: PAS Technologies
Sponsor Advisor: Mr. Donald Scott
Faculty Advisor: Dr. Jason Lee

Nolan Birtwell, Rebecca Crowley and Dr. Jason Lee

Initial tests were conducted to find processes to achieve proper adhesion between the wax and aluminum.
Between raising the temperature of the bed and extruder and experimenting with glue, proper adhesion was
reached. After confirming that wax could be printed and adhere on aluminum, acid tests were performed to
ensure that the filament bring used would not break down in the acid used during anodizing.
The final job was to create tooling for parts the team bought that scaled down similar parts found at PAS.
These parts represent bolt holes found on mating surfaces. The team made plates that went on top of the
printer bed that centered the parts. Having a part exactly center on the bed ensured MatterControl, the 3D
printer software used to send CAD models to the 3D printer, would maintain accuracy. Along with that tooling,
the team experimented with heat guns to heat surfaces elevated from the heating bed.
This team was able to provide a proof of concept that it is possible to 3D print a wax mask for anodizing
directly onto an aluminum part, proving the feasibility of automating a currently very time consuming process.
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PAS Technologies processes, repairs and manufactures thousands of parts for the oil/gas and aerospace
industries. A lot of those parts are anodized or metal plated on specific surfaces. During the anodizing process,
a direct current is passed through the part while it is submerged in a hot acid bath. Surfaces can be excluded
from anodizing with proper masking. Currently, PAS masks these excluded surfaces by hand, using waxes
and paints. This is a very time consuming and labor intensive process. Our team designed an automated
masking process, specifically in preparation for anodizing. The automation method this team focused on was
3D printing, since it provides both accuracy and minimal human interaction. Wax was found to be the optimal
3D printed masking material.

Team 26: Positioning Device
for Masking of Complex Parts
Sponsored by: PAS Technologies
Sponsor Advisor: Mr. Donald Scott
Faculty Advisor: Prof. Horea Ilies

Trevor Jeanloz, Leslie Prunier, Ruben AbeytaMata, Prof. Horea Ilies

Our team agreed that the best way to reduce time was to create an adjustable part positioning device.
This would act as a set of “helping hands” for complex, or hard to hold parts. Some of the parts processed
are a little unwieldy and having a device to free up the worker’s hands would reduce time and also reduce
ergonomic strain on the worker. Our team has created a device such that the operator can clamp virtually any
part on the table and quickly position it in a way that is most convenient to mask the part. The table features
a height adjustable work surface as well as the ability to both tilt and rotate the table to any desired position.
The work surface itself offers a smooth and quick set-up for either batches of parts or single parts, all while
accommodating the huge variety of geometries that PAS works with.
Using this device, PAS employees will be able to mask parts quicker, easier, and better.
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PAS Technologies is a global company which offers original equipment manufacturing (OEM) and Maintenance
repair and overhaul (MRO) of aerospace, oil and gas components, both commercial and military. PAS credits
themselves as a “One-Stop Shop”, being able to take a part through all necessary processes from rough
machining all the way through to applying coatings or painting. PAS Phoenix specializes in the latter, where
electroplating, anodizing, and painting are performed. In this industry, reducing time is key to staying on top, so
our team was tasked with creating a solution to reduce time in the most time consuming part of electroplating/
anodizing: part masking. Many parts do not need to have all surfaces be plated/anodized, so a lot of time
and energy is spend manually masking these parts off with chemical-resistant tape. PAS Phoenix processes
upwards of 70,000 parts per month and with these quantities, every little bit of time saved is important.

Team 27: Perimeter Security

Sponsored by: Airbornway Corporation
Sponsor Advisor: Mr. Rodger Gibson
Faculty Advisor: Dr. Jiong Tang

From left: Mitchell Durkin, Dr. Jiong Tang

Airbornway tasked us (in collaboration with other students and faculty from other departments) with designing
and constructing this system, with a prototype provided for guidance. There were three primary requirements
the team had to fulfill. First, the system had to be able to operate in a temperature range of -50°F to 134°F.
Our durable chassis and internal casings protect the electrical components so Eagle will continue to operate,
no matter the environment. Specifically, we needed to consider Alaskan and desert environments. Second,
Eagle needed to achieve a maximum speed of 40 miles per hour (60 ft/s). Assessments were made regarding
weight of the system, so the horsepower and rotations per minute of the motors could be calculated. Lastly,
Eagle needed to be able to receive commands and power through its zip line. Therefore, UART (Universal
Asynchronous Receiver/Transmitter) communication was implemented. UART is a communication method
utilized by many systems. As long as the data ‘packets’ are transmitted at the same rate, the microcontrollers
are able to communicate with each other. Zip line communication is vital as it prevents any disruption to
Eagle’s control or sensors. This method also prevents the chance of a cyber-attack and allows for constant
communication in the event of a damaged antennae.
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Airbornway was founded with the goal of revolutionizing transportation and security. To achieve this, the
concept of Eagle System was established. Operating similar to zip line technology, this device can get you
or your items where they need to go – and it does it quickly. With a top speed of 40 miles per hour, Eagle will
revolutionize short distance travel. If the concept gains traction, it will be able to move unhindered by rush hour
traffic, accidents, or unpleasant weather. Its durable casing protects its main components from rain, snow,
hail, and sand. Eagle is also able to be implemented around prisons and government facilities. It has a built
in camera that can transmit video as it travels, and is able to be outfitted with any other necessary security
hardware that will make security tighter wherever it is needed.

Team 28: Improved Plastics
Coating Machine (Minicoater)
Sponsored by: Plastonics Inc.
Sponsor Advisors: Bob Zimmerli, Brian Zimmerli
Faculty Advisors: Jiong Tang, Ryan Cooper,
Diane Van Scoter

Professor Jiong Tang, Jordan Wiess, Steve Nilla,
Wyley Muenzinger, Professor Ryan Cooper, and
Professor Diane Van Scoter

Team 28 has been tasked with improving efficiencies in the Small Parts Department, focusing specifically on
bringing Mini-Coat 2 back up to production standards to support an increase in demand from the Small Parts
Department. The addition of this machine is also projected to facilitate the addition of new customers who
require greater throughputs for their part contracts.
Team 28’s solution has two components: technological enhancement and work flow management. Technical
solutions involved increasing fuel efficiency, implementing user friendly controls, improving tolerance
control (belt speed and temperature), and strategic resource allocation. Management practices include
creating process flow improvements and highlighting performance indicators. Technical deliverables were
met by reorienting the heater elements, reducing heat loss through a new casing, and outfitting new digital
interfaces for increased control of the process. Finally, increased process efficiencies were achieved through
standardization processes such as the use of a production board. Upon completion of the project, Plastonics
will have a more capable and efficient production process in their Small Parts Department allowing them to
meet their new demand levels.
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Plastonics Inc. is a family run business that was established in 1959 as a pioneer in the powder coating
industry. The purpose of powder coating is to create a hard, smooth finish that is tougher than conventional
paint. Powder coating is mainly used for the coating of metals, and has a wide variety of applications that can
be seen on every-day products such as automobiles, sports equipment, clips on clothing, springs, and many
other materials in need of protective coatings.
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Sponsored by: Pratt and Whitney
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Matthew Nakano, Alexander Price,
Chih-Jen (Jackie) Sung
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Sponsored by: Pratt & Whitney
Faculty Advisor: Professor Xu Chen

Faculty Advisor Prof. Xu Chen, Paul Hanrahan,
Mark Winters, Michael Bennett
Faculty Advisor Prof. Xu Chen, Paul Hanrahan,
Mark Winters, Michael Bennett
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Pratt & Whitney is a major manufacturer of Gas Turbine Engines, and would like to improve the consistency
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manufactured
metal
alloy parts.
components
are assumptions
currently produced
powder
bed
characteristics
during
the manufacturing
additional
data,
technique
using
direct
metal
laser sintering
(DMLS).
DMLS is the process.
process ofWith
using
a laser to
fusethis
metal
powdercan
intobe
validated and
increasing
Pratt &
Whitney’s
confidence
in makes
their products.
a functional
part improved,
from a CAD
model. While
effective,
Pratt
& Whitney
many assumptions about the
powder bed characteristics during the manufacturing process. With additional data, this technique can be
The twoand
main
assumptions
investigated
the uniformity
of both
powder
layer topography and powder
validated
improved,
increasing
Pratt &were
Whitney’s
confidence
in their
products.
density. The investigation was accomplished by designing and building a low cost modular test rig that
emulates
Pratt
& Whitney’s
DMLS process.
One
importantofdistinction
between
the two is that
test rig does
The
two main
assumptions
investigated
were the
uniformity
both powder
layer topography
andthe
powder
not have
a investigation
hot end. It is was
intended
to be a powder
bed testand
platform,
and
will cost
not be
used to
manufacture
parts.
density.
The
accomplished
by designing
building
a low
modular
test
rig that
emulates Pratt & Whitney’s DMLS process. One important distinction between the two is that the test rig does
tabletop
powder
density test
rigawas
delivered
thatplatform,
measures
thewill
thickness
of thetopowder
bed using
a
notAhave
a hot
end. Itbed
is intended
to be
powder
bed test
and
not be used
manufacture
parts.
1D laser detector and the weight distribution of the powder bed using a load cell array. To minimize cost and
safety concerns,
a substitute
powder
is used
in place
metal powder.
The testofrig
A tabletop
powder bed
density test
rig was
delivered
thatofmeasures
the thickness
theexplores
powderinnovative
bed using and
a
edge features
such
as adistribution
trough recoating
mechanism
vibration.cost
Using
1Dcutting
laser detector
and the
weight
of the powder
bed and
usingpneumatic
a load cellpowder
array. bed
To minimize
and
a programmable
logic controller
andishuman
the rig The
collects
displaysinnovative
instantaneous
safety
concerns, a substitute
powder
used inmachine
place of interface,
metal powder.
test and
rig explores
and
weight
variation
across
with the
progression
of pneumatic
powder bed
densitybed
for vibration.
each layerUsing
as time
cutting
edge
features
suchthe
as powder
a troughbed,
recoating
mechanism
and
powder
progresses. The
testcontroller
rig was designed
to be
modular
and versatile,
independent
recoating and
a programmable
logic
and human
machine
interface,
the rigallowing
collects many
and displays
instantaneous
vibration
variables
to be
Thiswith
provides
an economical
alternative
for determining
desired
weight
variation
across
theadjusted.
powder bed,
the progression
of powder
bed density
for each layer
as DMLS
time print
settings, as
thetest
rig rig
is significantly
cheaper
to operate
than
a DMLS
machine.
progresses.
The
was designed
to be modular
and
versatile,
allowing
many independent recoating and
vibration variables to be adjusted. This provides an economical alternative for determining desired DMLS print
settings, as the rig is significantly cheaper to operate than a DMLS machine.
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determine which configuration generates a spray with the maximum targeting efficiency.
Initially, CFD analysis was performed on all configurations in order to obtain complete fluid velocity profiles
of
the flow
field
as wellwas
as estimates
efficiency.
Then,
a physical
experiment,
with each
Initially,
CFD
analysis
performedfor
onthe
all targeting
configurations
in order
to obtain
complete
fluid velocity
profiles
nozzle
configuration
attached
to
a
testing
rig,
was
performed
to
validate
the
analytical
results.
The each
nozzles
of the flow field as well as estimates for the targeting efficiency. Then, a physical experiment, with
and
geometric
features
of the configurations
modeled and
machined
aluminum
bar The
stock.
The
nozzle
configuration
attached
to a testing rig,were
was performed
to validate
thefrom
analytical
results.
nozzles
rig
consisted
of
a
section
of
piping
connected
to
a
pump
and
a
pressure
regulating
valve,
which
ensured
and geometric features of the configurations were modeled and machined from aluminum bar stock. The
a
andoffully
developed
flowtoofa water
the configuration.
end
of the
nozzle
rigconstant,
consistedcontrolled,
of a section
piping
connected
pump through
and a pressure
regulating The
valve,
which
ensured
configuration
was
enclosed
in
a
Plexiglass
box
with
a
targeting
hole
in
the
wall
section
opposite
the
nozzle.
a constant, controlled, and fully developed flow of water through the configuration. The end of the nozzle
A
plastic
lip
was
placed
around
the
edges
of
the
hole
to
ensure
accuracy
in
measurement.
The
targeting
hole
configuration was enclosed in a Plexiglass box with a targeting hole in the wall section opposite the nozzle.
led
to
a
collection
tank,
which
measured
the
volume
of
water
entering
the
target
area.
Knowing
both
the
flow
A plastic lip was placed around the edges of the hole to ensure accuracy in measurement. The targeting hole
rate
the experiment
run time,
the volume
of water
from nozzle
was calculated.
These
two
led toand
a collection
tank, which
measured
the volume
ofsprayed
water entering
the target
area. Knowing
both
thevalues
flow
determined
the
efficiency,
defined
as
the
amount
of
water
collected
divided
by
the
total
water
sprayed.
rate and the experiment run time, the volume of water sprayed from nozzle was calculated. These two In
values
addition,
since
targeting
box was
photographs
of the
streambywere
taken,
fromsprayed.
which the
determined
thethe
efficiency,
defined
as transparent,
the amount of
water collected
divided
the total
water
In spray
angle
was
measured.
This
experiment
was
repeated
for
each
nozzle
configuration,
so
that
upon
conclusion,
addition, since the targeting box was transparent, photographs of the stream were taken, from which the spray
each
had both a This
physical
and a CFD
that for
waseach
usednozzle
to determine
the configuration
with
maximum
anglecase
was measured.
experiment
wasresult
repeated
configuration,
so that upon
conclusion,
targeting
efficiency.
each case had both a physical and a CFD result that was used to determine the configuration with maximum
targeting efficiency.
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Pratt & Whitney uses oil nozzles in order to cool and lubricate bearing compartments within their engines.
Controlling
the characteristics
of the
spraytoemitted
from
the outlet
of these
nozzles, such
as their
the velocity
and
Pratt & Whitney
uses oil nozzles
in order
cool and
lubricate
bearing
compartments
within
engines.
cone
angle,
is
important
in
achieving
higher
efficiencies.
Ideally,
the
spray
from
each
nozzle
should
exactly
Controlling the characteristics of the spray emitted from the outlet of these nozzles, such as the velocity and
cover
the target
area of its
bearing
compartment,
so that
target
entirely
covered
butexactly
without
cone angle,
is important
in respective
achieving higher
efficiencies.
Ideally,
the the
spray
fromiseach
nozzle
should
any
spray
missing
the
target
area.
Since
the
compartments
are
located
in
different
parts
of
the
engine,
the
cover the target area of its respective bearing compartment, so that the target is entirely covered but without
flow
passages
leading
up
to
the
nozzle
outlet
will
vary.
Twelve
different
representative
configurations
of
piping
any spray missing the target area. Since the compartments are located in different parts of the engine, the
were
identified,
including
elements
such
as
elbows
and
flow
straighteners.
The
objective
of
this
project
is
to
flow passages leading up to the nozzle outlet will vary. Twelve different representative configurations of piping
determine
which
configuration
generates
a
spray
with
the
maximum
targeting
efficiency.
were identified, including elements such as elbows and flow straighteners. The objective of this project is to
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which cooling air flows over the fins to reduce the temperature experienced by the panels subjected to hot
Per Pratt and
Whitney’s request, we generated a 2D model in ANSYS Fluent to study the flow between the
combustion
gases.
interior panels of a generic float wall combustor. Our objective was to perform a parametric investigation to
characterize
the flow around
thewe
panels
by altering
such as
flow to
input
angle,
temperature,
flow
Per
Pratt and Whitney’s
request,
generated
a 2D parameters
model in ANSYS
Fluent
study
the flow
between the
rate,
and
gap
between
panels
to
examine
the
effect
of
variation
on
cooling
effectiveness.
interior panels of a generic float wall combustor. Our objective was to perform a parametric investigation to

characterize the flow around the panels by altering parameters such as flow input angle, temperature, flow
In addition
creating panels
the computer
model,
alsoofdesigned
constructed
a prototype in effort to validate
rate,
and gaptobetween
to examine
thewe
effect
variationand
on cooling
effectiveness.
the results of the computer model. With regard to the design of the prototype, we scaled the variables from
Fluenttomodel
to realistic
prototype
inputs
using
the Reynold’s
number. aNot
all computer
model
variables
Inthe
addition
creating
the computer
model,
weby
also
designed
and constructed
prototype
in effort
to validate
from
the
parametric
study
were
considered
in
the
prototype.
Some
of
the
variables
that
we
were
able
to study
the results of the computer model. With regard to the design of the prototype, we scaled the variables from
included
the
gap
and
overlap
distance,
as
well
as
the
temperature
of
the
input
air.
In
doing
so,
we
were
able to
the Fluent model to realistic prototype inputs by using the Reynold’s number. Not all computer model variables
validate
the
results
we
obtained
from
the
Fluent
model
using
an
IR
camera
and
standard
labrotary
flow
meters.
from the parametric study were considered in the prototype. Some of the variables that we were able to study
included the gap and overlap distance, as well as the temperature of the input air. In doing so, we were able to
In summary,
the parametric
study
done
Fluent
indicated
changing
parameters
suchflow
as flow
validate
the results
we obtained
from
the in
Fluent
model
usingthat
an IR
cameracertain
and standard
labrotary
meters.
angle can affect the velocity gradient at the gap between panels. Cooling air flows through these panel gaps
create a thin
boundary layer
insulates
theindicated
panels from
gases.certain
By increasing
the angles
offlow
the flow,
Intosummary,
the parametric
studythat
done
in Fluent
that hot
changing
parameters
such as
the
velocity
of
the
air
flowing
through
the
panel
gaps
decreases
which
lowers
the
amount
of
cooling
air
flowing
angle can affect the velocity gradient at the gap between panels. Cooling air flows through these panel gaps
over
the
panels.
This
leads
to
panel
temperatures
increasing.
Our
efforts
will
provide
Pratt
&
Whitney
with
to create a thin boundary layer that insulates the panels from hot gases. By increasing the angles of the flow,a
plot
of the varied
input
parameters
to aidlowers
designthe
foramount
variation.
the
velocity
of the air
flowing
throughvs.
thetrailing
panel edge
gaps temperature
decreases which
of cooling air flowing
over the panels. This leads to panel temperatures increasing. Our efforts will provide Pratt & Whitney with a
plot of the varied input parameters vs. trailing edge temperature to aid design for variation.
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Pratt & Whitney, a United Technologies Corporation company, is a world leader in the design, manufacturing,
and service of aircraft engines and auxiliary power units. Turbine engine combustors are exposed to
temperatures
exceed
3000°F. Since
most materials
cannot
suchinhigh
various
Pratt
& Whitney,that
a United
Technologies
Corporation
company,
is awithstand
world leader
the temperatures,
design, manufacturing,
cooling
techniques
are
utilized
to
prevent
parts
from
eroding.
One
such
technique
is
pin-fin-float
wall
and service of aircraft engines and auxiliary power units. Turbine engine combustors are exposed to design
which coolingthat
air exceed
flows over
the fins
to reduce
the temperature
experienced
byhigh
the panels
subjected
to hot
temperatures
3000°F.
Since
most materials
cannot withstand
such
temperatures,
various
combustion
gases.
cooling techniques are utilized to prevent parts from eroding. One such technique is pin-fin-float wall design
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(CMAS) particles from internal engine components after sand ingestion testing. The device was required
The
objective
of this project
to research,
design, andan
fabricate
a portable
device
that can collect
sand
to capture
particles
at 83% was
efficiency
while maintaining
accurate
particle size
distribution.
The team
(CMAS)
particles
from
internal
engine
components
after
sand
ingestion
testing.
The
device
was
required
researched particle separation techniques and concluded that a cyclone would be the most effective collection
tomethod.
captureVarious
particlescyclone
at 83%designs
efficiency
while
maintaining
accurate particle
The
team for
were
analyzed
and aan
single-stage
cyclonesize
withdistribution.
electrostatic
charging
researched
particle
separation
techniques
and
concluded
that
a
cyclone
would
be
the
most
effective
collection
increased efficiency was decided upon.
method. Various cyclone designs were analyzed and a single-stage cyclone with electrostatic charging for
increased
decided
upon. ANSYS Fluent was used to determine the pressure drop and particle
In order toefficiency
optimizewas
cyclone
geometry,
capture efficiency. These results were compared to analytical calculations based on researched literature.
InCAD
order
to optimize
geometry,
ANSYS
Fluent was
used to determine
pressure
drop and
particle
models
were cyclone
generated
to accurately
represent
the optimized
geometrythe
and
construction
methods.
capture
efficiency.
These
results
were
compared
to
analytical
calculations
based
on
researched
literature.
These models were then used to create a 3D printed prototype which was tested before the introduction
CAD
models were
generated
to accurately
represent
the
optimized
andspeed,
construction
methods.
of electrostatic
charging.
Testing
for optimal
efficiency
consisted
ofgeometry
varying inlet
exhaust
size, and
These
models
were
then
used
to
create
a
3D
printed
prototype
which
was
tested
before
the
introduction
electrostatic voltage. After optimal conditions were determined, the 3D printed model was refined in order to
ofproduce
electrostatic
Testingfulfilled
for optimal
efficiency consisted
of varying inlet speed, exhaust size, and
a finalcharging.
product which
all specifications
of the sponsor.
electrostatic voltage. After optimal conditions were determined, the 3D printed model was refined in order to
produce a final product which fulfilled all specifications of the sponsor.
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Pratt & Whitney, a United Technologies Corporation company, is a world leader in the design, manufacture,
and service of aircraft engines and auxiliary power units. In today’s modern transportation, airplanes takeoff
Pratt
Whitney,
United
Technologies
a ingestion
world leader
in theindesign,
manufacture,
and &
land
all overa the
world.
As a result,Corporation
jet engines company,
are subjectisto
of sand
dry desert
environments.
and
service
of
aircraft
engines
and
auxiliary
power
units.
In
today’s
modern
transportation,
airplanes
takeoff
Sand ingestion degrades engine components through physical erosion as well as thermo-chemical interaction
and
land
all
over
the
world.
As
a
result,
jet
engines
are
subject
to
ingestion
of
sand
in
dry
desert
environments.
with the surfaces of ceramic coated combustor and turbine components. These interactions result in formation
Sand
ingestion
degrades
engine
components through physical erosion
as wellwhich
as thermo-chemical
interaction
of a glass
made
of oxides
of calcium-magnesium-aluminum-silicon
(CMAS),
leads to decreased
engine
with
the
surfaces
of
ceramic
coated
combustor
and
turbine
components.
These
interactions
result
in
formation
life and efficiency. Currently, there is no method or tool for non-intrusive sand sampling.
of a glass made of oxides of calcium-magnesium-aluminum-silicon (CMAS), which leads to decreased engine
life
and
efficiency.
Currently,
is research,
no methoddesign,
or tool and
for non-intrusive
sand sampling.
The
objective
of this
projectthere
was to
fabricate a portable
device that can collect sand
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Pratt and Whitney is a leading manufacturer of aircraft engines for both civil and especially military aviation.
They and
alsoWhitney
pride themselves
onmanufacturer
efficiency andofperformance
when
comes
theirespecially
products.military
Turbineaviation.
engines
Pratt
is a leading
aircraft engines
foritboth
civiltoand
are complex
in themselves,
which
presents
great
deal
of when
possibilities
to
increase
performance.
One
aspect
Pratt
and
is a leading
manufacturer
aircraft
engines
forit both
civil
military
aviation.
They
also Whitney
pride
themselves
on
efficiency
andaofperformance
comes
toand
theirespecially
products.
Turbine
engines
of the
engine
increaseswhich
efficiency
is the
whichit the
fuel
is their
burning
at through
the
turbine.
They
also
pride
themselves
on
efficiency
and
performance
when
comes
to
products.
Turbine
engines
are
complex
inthat
themselves,
presents
atemperature
great
deal ofatpossibilities
to increase
performance.
One
aspect
Currently,
thein
gases
in the hot
section
can
upwards
2300˚F.
extremely
hot gas
flows
are
complex
themselves,
which
presents
atemperature
great
deal ofatof
possibilities
to increase
performance.
One
aspect
of
the
engine
that
increases
efficiency
is
thereach
which
theWhen
fuel
isthis
burning
at through
the
turbine.
through
the
itinobviously
comescan
contact
with parts
the engine.
the parts
are
cooler
than the
of
the engine
that
increases
efficiency
isinthe
temperature
at
which
theWhen
fuel Since
isthis
burning
at through
theflows
turbine.
Currently,
thesystem
gases
the hot
section
reach
upwards
ofof
2300˚F.
extremely
hot gas
air, heatthe
transfer
occurs
and
the
parts heat
up. Turbine
Blades,
forengine.
example,
have
coolant
running
through
Currently,
the
gases
the
hot
section
can
reach
upwards
ofof2300˚F.
WhenSince
this
extremely
hot cooler
gas flows
through
system
itinobviously
comes
in contact
with parts
the
the
parts are
than the
them
to the
take
the occurs
heat
away
the blades.
This
is important
theSince
heat
actually
the the
through
system
it obviously
in contact
with
parts
of because
the
the
parts
areshorten
cooler
than
air,
heat
transfer
andfrom
thecomes
parts
heat
up.
Turbine
Blades,
for engine.
example,
havecan
coolant
running
through
longevity
of the
Heat
transferring
to the
parts
alsoBlades,
means
theexample,
gasthe
decreases
inactually
temperature
and
air,
heat
transfer
occurs
andfrom
the parts
heat
up.
Turbine
for
have
coolant
running
through
them
to take
theparts.
heat
away
the blades.
This
is important
because
heat
can
shorten
theas
statedtopreviously,
the away
highertransferring
the temperature
the
better.
them
take
theparts.
heat
from
the blades.
is also
important
because
heat caninactually
shorten
the
longevity
of the
Heat
to theThis
parts
means
the gasthe
decreases
temperature
and
as
longevity
of the parts.
Heat transferring
to thethe
parts
also means the gas decreases in temperature and as
stated
previously,
the higher
the temperature
better.
Pratt and
Whitneythe
hashigher
pursued
aspects
maintain a high temperature gradient between the parts and
stated
previously,
thevarious
temperature
thetobetter.
the gases
which has
to veryvarious
efficientaspects
enginestoinmaintain
today’s market.
However, one
variable
they want
to gain
Pratt
and Whitney
hasled
pursued
a high temperature
gradient
between
the parts
and
more
knowledge
about
istohow
vibration
of the
canmarket.
heat transfer,
if at between
all.they
Thewant
high-pressure
Pratt
and
Whitney
has
various
aspects
toinparts
maintain
aaffect
high this
temperature
gradient
the to
parts
the
gases
which has
ledpursued
verythe
efficient
engines
today’s
However,
one
variable
gainand
turbine
canwhich
spin at
speeds
as
high
as 30,000
(500
Hz).
This this
can
generate
a lot
throughout
the
gases
has
ledistohow
very
efficient
engines
today’s
market.
However,
one
variable
to gain
more
knowledge
about
the
vibration
of RPM
the in
parts
can
affect
heat
transfer,
ifof
atvibration
all.they
Thewant
high-pressure
the entirety
of the
engine.
So,
looking
at how
this
could
the
film
coefficient
andhigh-pressure
heat transfer
more
knowledge
is how
the vibration
ofRPM
the vibration
parts
affect
this heat
transfer,
ifofatvibration
all. The
turbine
can spin
atabout
speeds
as high
as 30,000
(500can
Hz).
Thisenhance
can
generate
a lot
throughout
is definitely
worthwhile.
The
is that
thisthis
vibration
increase
the
convective
nature
of and
the throughout
hot
since
turbine
can of
spin
speeds
astheory
high as
30,000
RPM
(500will
Hz).
Thisenhance
can
generate
a lot
of vibration
the
entirety
theatengine.
So,
looking
at
how
vibration
could
the film
coefficient
heatgas
transfer
it is
physically
displacing
the
air.
This
generates
an
increase
the convective
coefficient
andoftherefore
more
the
entirety
of the
engine.
So,
looking
at how
vibration
enhance
the
film coefficient
andhot
heat
transfer
is
definitely
worthwhile.
The
theory
is that
thisthis
vibration
will could
increase
the convective
nature
the
gas
since
transfer
of heat
to the part.
worthwhile.
The
is generates
that this vibration
will increase
the convective
nature
the hot more
gas since
itis
isdefinitely
physically
displacing
the theory
air. This
an increase
the convective
coefficient
and of
therefore
it is physically
the air. This generates an increase the convective coefficient and therefore more
transfer
of heatdisplacing
to the part.
We wereoftasked
design/construct
a vibration generator, produce ANSYS Fluent results, and run our
transfer
heat totothe
part.
generator
to seeto
the
correlation vibration
has with
heat transfer.
OurANSYS
rig showed
very
promising
results.
We
were tasked
design/construct
a vibration
generator,
produce
Fluent
results,
and run
our The
frequency
at see
which
we
ran our tests
showed
positive
when
at
thevery
heat
transfer
We
were tasked
to
a vibration
generator,
produce
ANSYS
Fluent
results,
and coefficient.
run
our The
generator
to
thedesign/construct
correlation
vibration
hasawith
heat trend
transfer.
Ourlooking
rig showed
promising
results.
Although itto
not
possible
totests
achieve
a has
frequency
of trend
500
Hz,
we
feel
that promising
there
is acoefficient.
cause
generator
see
thewe
correlation
vibration
heat
transfer.
Our
rigconfident
showed
results.toThe
frequency
atwas
which
ran our
showed
awith
positive
when
looking
at thevery
heat
transfer
pursue vibrational
that
high
on the
frequency
which
we
ran our
showed
a positive
trend
when
looking
at the that
heatthere
transfer
Although
itat
was
notfrequencies
possible
to tests
achieve
abased
frequency
of results.
500
Hz,
we feel
confident
is acoefficient.
cause to
Although
it was notfrequencies
possible to that
achieve
frequency
500 Hz, we feel confident that there is a cause to
pursue
vibrational
high abased
on theofresults.
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Pratt & Whitney is an American based company that specializes in the design and manufacture of aircraft
engines. In their jet engines, a high amount of heat is generated due to the combustion of jet fuel to produce
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physical
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the surface finish and the higher pressure that is applied, more heat is transferred across the contact surfaces.
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Connecticut. The method for this project was to perform several identical simulations on a bolted flange in
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effects of the friction on the natural frequencies. Experimental results were compared to the analytical models
to verify which program indeed performed more adequately.
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Bolted connections are an essential component to the structure of a gas turbine engine. Numbering in the
thousands, these joints are subjected to a multitude of thermodynamic and mechanical stresses, making
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Pratt & Whitney has been at the forefront of the aerospace industry since their inception and continue to be
a market leader in many areas including the design, testing, and manufacturing of engine systems. As the
complexity
of such
modern
aircrafts
does the
need
forinception
a robust and
software
solution
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inefficient,
especially
when
dealing
with
the
large
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in
place
today.
to meet. If the system does not meet the other criteria it will be optimized using those other criteria and then
checked against the original parameters. This process will repeat until all of the criteria of the system are met.
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procedure for optimization is developed during this time and again verified using the data collected via the
physical system and the initial optimization values. Variable parameters were implemented to ensure the
validity of optimization results.
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Sponsor Advisors: John Cowles, Kel Smith,
Brad Smith
Faculty Advisor: Dr. Nejat Olgac

Nicholas Hill, Jeffrey Zekowski, Jared Keck, Dr.
Nejat Olgac

Our project is a continuation from 2015-2016, during which a test rig was built and used to verify analytical
predictions of skidding. In order to expand on their findings, our task was to improve the accuracy of the
experimental results given by the test rig and make a more standardized method for testing the skidding
between the cam and roller follower. In order to improve accuracy, various sensors and measurement
techniques were developed and compared.
The 2015-2016 team explored a unit problem in which a step cam with a constantly increasing radius per
degree was utilized to ensure separation between the cam and follower. A MATLAB code was also written to
analytically calculate the time and duration of the skidding. In order to make a more universal analytical model,
a new set of calculations and MATLAB code were created to numerically predict skidding given a prescribed
cam profile, input angular velocity to the cam, and spring constant of the follower assembly. A new cam with
a continuous curvature was made to verify our analytical results. Both thin-walled and thick-walled roller
followers were used in the new test rig configuration to compare their varying effects on skidding.
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RBC Bearings is an international corporation specializing in the design and production of bearings, cam
followers, and higher-level assemblies. RBC Bearings is publicly owned, with more than 35 facilities in North
America and Europe. This project presented by RBC involves researching, testing and analyzing skidding
between cam and roller follower systems when in operation. Skidding takes place when the roller follower
either loses contact with the cam and returns to the cam’s surface or is accelerated or decelerated so quickly
while in contact that friction is overcome. Skidding occurs when the surface speed of the cam and cam follower
are different

Team 39: Characterization of
Surface Readiness for Adhesion
Sponsored by: Sikorsky Aircraft
Sponsor Advisor: Dr. Xiaomei Yu
Faculty Advisor: Dr. Ying Li

Neel Nadpara, William O’Doherty-Popp, Dr. Ying Li

Team 39 identified a runoff angle test as the best possible method for testing the readiness of a surface. The
concept employs a flat plate that will hold the part needed for testing. The operator can then place a droplet
of liquid on the material. The operator will the tilt the plate to a certain predetermined angle, dependent on
material and liquid used. If the material is prepared properly for the coating, the droplet will not move on the
surface until it is tilted beyond the predetermined angle. If the material is not prepared, the droplet will move
before reaching that angle.
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Sikorsky uses a variety of anodized aluminum, composite, and acrylic glass parts in their aircraft production.
Often, these parts require a coating of paint or adhesive and must be cleaned and prepared properly, or
failures could result. Currently, Sikorsky follows a cleaning procedure prior to coating, but has no way of testing
whether the procedure was performed properly. The existing processes for testing if the part was prepared
properly are time consuming or require specialized laboratory equipment and training. The goal of this project
was to design a new testing procedure to determine if the material is ready to be coated as well as quantifying
the characteristics of a surface that is prepared properly.

Team 40: DE Pump Solenoid
Valve Position Sensor
Sponsored by: Stanadyne LLC
Sponsor Advisor: Brian Cox
Faculty Advisor: Dr. Vito Moreno

Matthew McCann, Elsa Kendrick, and
Dr. Vito Moreno

Initial research on the pump assembly was performed in order to analyze the pump operating conditions,
and thus identify candidate sensors that would be effective in this environment. A prototype unit of the
solenoid assembly was used for testing with an eddy current sensor used for comparison. The eddy current
sensor is currently being employed on prototype units as a valve detection method, but is unable to be used
by production units since it involves drilling a hole in the solenoid assembly. An accelerometer, ceramic
piezoelectric sensor, film piezoelectric sensor, Hall Effect sensor, and a direct current sensing approach were
researched and tested in conjunction with the eddy current sensor. The ceramic piezoelectric sensor was
proven to be most effective because it could definitively detect when the valve closed and returned to its initial
rest position. Circuitry was then developed to accommodate the sensor response and relay the valve position
to the ECU. While keeping in mind that the cap is a plastic injection molded part, the printed circuit board
and sensor were then integrated into the original solenoid cap design with modifications made in 3-D CAD
software.
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Featuring a spill-pump-spill operation strategy and single solenoid actuator, the DE pump provides precise
injection quantity and timing control for diesel engines used in agriculture and stationary power generation.
The DE pump is supplied at the fuel inlet with a low-pressure source which then is pressurized via a positive
displacement transfer pump to charge the pumping plungers. Then during the injection event, the opposed
plungers are forced inward through lobes on a cam ring and injection pressures of up to 900 bar are produced
when the high-speed control solenoid is actuated and closed by the engine control unit (ECU) and software.
Due to variation in pump operation, customers have been unable to estimate the closure of the solenoid
valve accurately, and although Stanadyne has developed a technique to measure closure directly using the
ECU, it is too expensive for customers. The goal of this project is to redesign the solenoid cap to house a
sensor and electrical circuit that can detect valve position directly and output a digital signal to the ECU. This
solution will allow the troubleshooting of existing pumps in the field, serve as an engineering tool for prototype
development, and provide customers with a more cost-effective solution to operate their engines more
efficiently.

Team 41: Pump Cover and
Solenoid Assembly Design
Sponsored by: Stanadyne
Sponsor Advisor: Mr. Fred Golja
Faculty Advisor: Professor Julian Norato

Jake Markham, Patrick Montville,
Professor Julian Norato

To begin the redesign process, ANSYS was used to evaluate the stresses experienced by the existing cover
assembly. The results showed that the highest stresses were due to the complexity of the geometry of the
existing design. Due to this, the focus of the new design was to create a simpler geometry resulting in stresses
low enough to prevent yielding of the polymers. From there, the mechanical properties of various polymers
including PTFE, PFA, FEP, and Nylon 6/6 were investigated and PTFE was chosen as the most ideal polymer
based on its high strength, high resistivity, and comparably reasonable price.
Part of the new design process involved redesigning and injection molding the solenoid coil directly into the
cover assembly. The number of turns of wire and the gauge of the wire required for the solenoid to create
enough force to overcome the spring force to trigger the pump on and off was calculated using ANSYS. The
new design reduced the number of required components from 18 to 10. The eliminated parts mainly functioned
as insulators to prevent short circuiting around the electrical contacts of the solenoid. These were no longer
necessary since the cover polymer itself acts as an insulator. Many components including the mounting
screws, gasket, and return valve could not be eliminated due to the need for the cover to be backward
compatible with the existing pump shell. After a couple iterations of solenoid coil redesign, the most recent
design is in the midst of functional testing at Stanadyne.
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Stanadyne is a company that specializes in the production of fuel injector pumps and produces over 50,000
fuel injector pump cover assemblies annually. Currently, the cover assembly is made of Cast Aluminum
and consists of three subcomponents, the gasket, the solenoid, and the return line, adding up to a total of
18 components. In an attempt to reduce manufacturing time, the goal of this project was to create a more
simplistic, backward compatible design, that can be made from an injected molded polymer while requiring
fewer components. Additionally, the cover must withstand a temperature range of -40 to 250 degrees
Fahrenheit and an internal pressure of 60 PSI.

Team 42: Improved SIDI
Gasoline Pump Discharge
Fitting Design/Process
Sponsored by: Stanadyne LLC
Sponsor Advisor: John Wolf
Faculty Advisor: Dr. Vito Moreno

Peter Malicki, Seth Morris, Meagan Ferreira, and
Dr. Vito Moreno

To accomplish this goal, several tasks have been completed. First, an investigation into causes of press
failure was performed. This included destructive analysis of failed pumps, shadow graphs to observe the
angle of fitting to housing, and FEA simulations in ANSYS. All three of these investigations indicated an issue
with alignment. To remedy this alignment issue, the alignment fixture was redesigned to simplify and improve
the accuracy of the pressing process. The current production fixture was compared to potential redesigned
fixtures using ANSYS. The best redesign was then prototyped and validated through testing. In addition to
redesigning the fixture, a lubricant experiment was performed to select a lubricant that is more ideal than
the current solution to reduce galling in the pressing process and blowholes in the subsequent welding
process. By implementing these two changes, Stanadyne will be able to reduce the percentage of failures
in both the pressing and welding processes of production. In addition to the fixture prototype and lubricant
recommendations, other recommendations related to issues such as work instructions, press equipment,
automation of the prototype fixture, and design of pump components are included in the final report.
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Stanadyne, located in Windsor, CT, specializes in fuel injection system technology for both diesel and gasoline
engines. These pumps are manufactured at a rate of 3500 to 4000 per day and over a million a year in their
manufacturing facility located in North Carolina. The pump consists of several different components, and those
being focused on in this project are the housing and the discharge fitting. During assembly, Stanadyne has
been experiencing approximately a 1% reject rate per day due to failures during press and welding operations.
Press failures are caused by galling during the press, which causes incomplete presses. Welding failures
include blowholes, which are caused by hot gasses or particulates exploding from inside the fitting/housing
interface. As a manufacturing aid, a lubricant, Drawsol, is used on the fitting and housing during the press
fit assembly operation. However, this lubricant is considered to be a major cause of these blowholes. The
project’s end goal is to deliver to Stanadyne recommendations to improve the assembly process for this pump,
mainly including a new recommended lubricant and a prototype design for a new alignment fixture.

Team 43: Dura-Glide SX Panel
Pivot Assembly Evaluation
Sponsored by: Stanley Access Technologies
Sponsor Advisor: Vinay Patel
Faculty Advisor: Dr. Vito Moreno

Team 43: From Left to Right, Daniel Hill, Zachary
Quamme, Tyler Clarke, Dr. Vito Moreno.

To determine the limitations of the pivot assembly, a test rig was built to simulate the real door swinging
open. Strain gauges were attached to target areas on the part to get an idea of the stresses present in these
locations. Trials of various door weights were conducted to understand at what point the assembly begins to
yield. Each test took series of strain measurements at various angles throughout the door-swing cycle, to get a
full view of the stresses at each stage of the breakout.
The other part of the project was to redesign the assembly to improve its performance. Analysis of the test
data, reports of failures, and research showed that the highest areas of interest in redesign were in the press
fit and door sag adjuster. Research showed that the press fit was significantly tighter than necessary, which
was putting extra, unnecessary stress on the part. The final design had a new material, a looser press fit, an
improved adjuster, and slots to allow for wiring. The new design increases the capability of the door as well as
reduces material costs for the part.
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Stanley Access Technologies, a subdivision of Stanley Security, is a recognized world leader in the production
of automatic sliding doors. A vast number of retail stores, airports, hospitals, and other transit system locations
all possess an automation door produced by Stanley. The scope of this project has to do with the SX Pivot
Assembly, which is essentially a door hinge for these automatic doors. During normal operation, the door is
supported by load wheels. This keeps the stresses on the pivot assembly quite low. However, these doors
are designed to break out and swing like a normal door in the event of an emergency or when a larger door
opening is required. During these breakout events, the weight of the door is held entirely by the pivot assembly.
The weight of the door generates a bending moment in the assembly. Stanley has reported several cases
where the top bar of the assembly has cracked due to this moment. These failures caused Stanley to question
what the limitations of the current pivot assembly design were. Having values for the max door parameters
is critical. As customers want larger, heavier doors, Stanley needs to know if the current design can hold the
weight. Once the limitations of the current pivot assembly are known, modifications can be made to the design
to improve its capabilities.

Team 44: Pressure Sensing
Metering Valve
Sponsored by: Triumph Engine Control Systems
Sponsor Advisor: Bill Dalton, Marissa Jacovich
Faculty Advisor: Dr. Tai-Hsi Fan

Connor Beaulieu, Sean Smith, Steven Lauto,
Professor Tai-Hsi Fan

This project focused on the pressure sensing metering valve within an FMU. Fuel flow to the engine is
measured in weight flow which is the mass flow multiplied by the gravitational constant. The current FMU
controlled weight flow through the use of a metering head regulator. Triumph presented the team with a design
concept that utilizes an LVDT that is attached to a piston-spring system to measure the delta pressure across
the metering valve. Traditionally a fuel flow meter is used to measure the fuel flow to the engine from the FMU.
The LVDT system would allow the FMU itself to measure the fuel flow, eliminating the need for a fuel flow
meter, saving both space and weight. In order to determine if the LVDT component could be a successful
alternative, the team conducted a feasibility study. The feasibility study used an accuracy stack up to account
for all the potential sources of error in the system. Each source of error was analyzed independently, all
together the LVDT system must be able to deliver fuel to the engine with +/- 2% accuracy. The accuracy stack
up will allow the team to size each component so that it minimizes error in the system.
Results showed that the largest source of error is friction between the piston and the cylinder. By reducing
the friction in the piston cylinder the new component will be able to meet the accuracy goal for flow delivered
to the engine. The stack-up revealed high error at low flow rates. To reduce the high error at low flow rates
different window geometries for the metering valve were modeled ANSYS simulations were used to validate
the discharge coefficient of the window used for calculations in the accuracy stack up. The accuracy stack-up
was used to determine the best design parameters of the components.
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Triumph Engine Control Systems is a leading global independent aerospace fuel system supplier for
commercial and military gas turbine engines. Located in West Hartford, Connecticut, they specialize in
electronic engine controls, main fuel pumps and fuel metering units. An aircraft heavily relies on the ability
of these three units to perform their necessary tasks. In particular, the fuel metering unit’s (FMU) capacity
to quickly change the fuel available to the jet engine is vital and thus the FMU must be highly accurate and
dependable.

Team 45: SD Card Vibration
Performance
Sponsored by: Triumph Group
Sponsor Advisor: Ted Busky
Faculty Advisor: Dr. David Giblin

Kevin Hoang, Jhomar Fernandez Mayi, Dr. David Giblin

Team 45 had to determine the performance of the SD Card while going through vibrational and thermal test
by constantly reading and writing to it while the test are happening to see if the SD Card survived. The group
had to pick which SD Card to use, they had to design and fabricate the printed circuit board (PCB) and had to
install the SD Card and PCB onto the FADEC system to create their test rig. The team had to figure out where
to place the SD Cards based on ANSYS simulation that had been done which showed the parts of the PCB
that vibrated more rigorously. They also had to place accelerometers and thermocouples and used a SPI bus
adapter that would gather the data the team required to determine if the SD Card could be used in the next
generation FADEC system. Once they had their test rig ready with all of the instruments they subjected it to
thermal and vibrational tests using Triumph’s test chambers that followed the required test plans developed
from the DO-160. The Team was also required to do High Accelerated Life Testing (HALT) on the SD Card to
determine the life span of the SD Card to better understand if it is a reliable non-volatile memory replacement.
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Triumph Group, Inc. designs, develops, and manufactures electronic engine control systems for helicopters
and fixed-wing aircraft. They have served the aerospace industry since 1938 with many products especially
the Full Authority Digital Engine Control (FADEC). Currently Triumph uses a non-volatile memory that is
very expensive and has small amount of storage. They are trying to upgrade to a next generation FADEC
system which can use a less expensive type of memory but that can also hold more information. Therefore
Triumph has tasked team 45 to determine if using SD Cards are a viable storage option since they are much
cheaper, have a high storage density, and can easily be replaced without having to spend thousands of dollars
revalidating the FADEC system when they replace the memory component.

Team 46: Mapping Heat Sources
in a Laboratory Lyophilizer
Sponsored by: Millrock Technology
Sponsor Advisor: Dr. Robin Bogner
Faculty Advisor: Dr. Tai-Hsi Fan

Aaron DeMatta, Joseph Ray, Dr. Tai-Hsi Fan

Typically, during freeze-drying, the vials experience varying drying rates because of the presence of unwanted
radiant and conductive heat sources. This is known as the “edge vial effect”, where edge vials dry faster due
to the increased heat transfer caused by the chamber walls. The MicroFD, developed by Millrock Technology,
is designed to reduce the effect of these additional heat sources to create a more uniform vial temperature
distribution. One such innovation to accomplish this is the presence of LyoSIM blocks inside the chamber.
These blocks reduce the effect of radiant heat on the edge vials by mimicking the temperature of the center
vial and behaving similarly to actual vials. The goal of this project is to analyze these heat sources through
various experiments and to conduct finite element analysis using CD-Adapco’s Star CCM+.
Experiments were performed to measure temperature distributions within the MicroFD. It was expected that
the LyoSIM blocks were of uniform temperature. Through experiments, it was confirmed that this assumption
could be made. Several experiments with varying amounts of product were run testing the capabilities of the
MicroFD under different thermal loads. Using prior research and experiments, a computational model of the
full 19 vial array was created in Star CCM+ to run simulations and further validate the experimental data.
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Millrock Technology is one of the world’s premier freeze-drying (lyophilization) companies. Freeze-drying is a
dehydration process used to increase the product shelf life or to make product transport more convenient. This
process is useful for pharmaceutical companies to preserve drugs. The aqueous solutions of the product are
placed into vials, and then loaded into a temperature-controlled shelf. The shelf temperature then decreases
to freeze the solution. The next stage is known as primary drying, where the frozen water in the solution is
removed through sublimation. The final stage is known as secondary drying, where the remaining unfrozen
water is removed through desorption. This is done by further increasing the temperature to break the ionicbonds of the water.

Team 47: Visualization of
Molecular Dynamics in
Virtual Reality
Sponsored by: UCONN
Faculty Advisor: George Lykotrafitis
Kyle Blummer, George Lykotrafitis

This program creates a virtual environment in which molecular dynamic simulation files (.vmd/.cfg/.etc.) can
be easily viewed and manipulated using the HTC Vive. The program was created to visualize output files
from Dr. Lykotrafitis’s simulation software, IMPETUS. With its comprehensive parsing code, the program can
accept many different forms of molecular dynamic output files. The program goes beyond rendering just the
outputs of pre-run simulations, as it is fully integrated with IMPETUS. However, large scale simulations will
push most commercial computers to their computational limit. Therefore, this function is limited to very small
scale simulations (<100 particles.). As a user friendly virtual reality visualization tool, this program is the first
of its kind, allowing the user a more unique perspective on their data sets. Imagine walking through the axon
of a neuron, side by side with a sodium ion, witnessing every interaction it has up through its channel. Instead
of straining to see the pattern of a eukaryotic cells cytoskeleton underneath the neighboring lipid membrane,
shrink it to the size of your hand and flip it over. The user can adjust how a simulations particles are organized,
colored, shaped, and sized all within the user interface, allowing for seamless transition and inspection of
simulations. With more development and a higher computational ceiling, the integrated IMPETUS simulation
software can prove useful beyond a tool for researches and students. Possibilities range from realistic flame
patterns in video games to recreating bullet impacts in crime scenes.
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Since sci-fi writer Stanley Weinbaum’s first conceptualized virtual immersion in his short story, “Pygmalion’s
Spectacles”, engineers have attempted to turn his vision into reality. It has been over 70 years since
“Pygmalion’s Spectacles” was published and virtual reality has nearly summited the uncanny valley. With
hardware like the HTC Vive and the Oculus Rift, virtual reality has been made available on a consumer
level. However, the environments that exist for these devices are limited. Currently, these powerful headsets
are used to run low logic video games and “tech demo” simulations. Because these tools are so new, little
research has been done on using the VR headsets as educational/professional tools.

Team 48: Smart Wave Energy
Converter
Sponsored by: UCONN Power and
Energy Systems Laboratory
Sponsor Advisor: Dr. Peng Zhang, Taofeek Orekan
Faculty Advisor: Dr. Bryan Weber

Nicholas White, Christine Ross, Dr. Bryan Weber

Our team optimized the power output of a point absorber wave energy converter (WEC), which harnesses
and stores energy from the vertical motion of waves. The system is comprised of a stationary center spar,
containing a series of magnets, and a buoy, containing a copper coil. The buoy is intended to move smoothly
along the vertical spar when submerged in the ocean; this motion will induce a current, thus producing power.
In order to produce a maximum power output of 100W, the spar must stay stationary. To ensure spar stability,
our team was tasked with optimizing the original heave plate system, which had caused the spar to move with
the buoy or overturn. In addition to spar stability, our team redesigned last year’s large-scale test rig, which
models wave amplitude based on ocean data from the Long Island Sound.
After researching and analyzing several heave plate systems, our team selected four heave plate designs to
maximize spar stability. We modeled these designs using Solid Works and used three-dimensional ANSYS
Fluent simulations to identify the turbulent flow drag forces along the heave plates. Our team also performed
small scale testing of the 3D printed designs, to identify optimal performance criteria. Based on testing and
analysis we selected the optimal heave plate to manufacture on a large scale. The large-scale heave plate
system was attached to the WEC, and was thoroughly tested for overall stability and power output under real
world conditions.
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UConn Power and Energy Systems Laboratory conducts research on smart grid and sustainable energy
sources, such as ocean energy. Making up approximately 71% of the world, the ocean provides multiple
sources of sustainable energy, such as tidal energy, ocean thermal energy, salinity gradients, and wave
energy. Exploiting these consistent sources of renewable energy will lessen our reliance on fossil fuels, which
create harmful byproducts such as pollution. Wave energy in particular is easily predictable, unlike other
sources of renewable energy such as wind or sun exposure. Ocean waves provide a consistent and powerful
energy source with the potential to cover 50% of the world’s electricity consumption. Successful results from
this project will bring us one step closer to completely utilizing wave power as a renewable energy source.

Team 49: Electric Metering
and Shutoff Valve Utilizing
Advanced Materials
Sponsored by: UTC Aerospace Systems
Sponsor Advisor: William Rhoden
Faculty Advisor: Dr. Michael Pettes

Andrew Mosher, Nicholas Paolino, Daniel
Gadoury, Faculty Advisor Prof. Michael Pettes

The metering valve is used to control the exact amount of fuel entering into the engine, while the shutoff
valve provides a fuel-tight seal in the event of engine failure or engine shutoff after use. The current hydraulic
actuation of the valve system is to be replaced with an electric motor, and the valve is to be built using a lighter
material than the current steel valves, with comparable wear characteristics. The goal of the project is to work
towards a fully electronic flight control system which eliminates the need to cycle hot excess fuel back into the
fuel tank.
The team developed design paths for three modes of actuation for cross analysis before selecting the most
viable solution to optimize. The team then printed a 3D model of the design and ran the model through
a scaled water pump scenario as a proof of concept. ANSYS Fluent analysis was used in order to gain
a pressure profile of the final valve design. A function between the valve position and valve stroke was
interpolated using experimental flow values and cubic spline interpolation on MATLab. Multiple material options
were analyzed before selecting the best alternative. The full design recommendation was given to UTAS
following completion for developmental testing and further design projects.
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UTC Aerospace systems is one of the largest suppliers of advanced defense and aerospace products. UTC
Aerospace has tasked Team 49 with integrating the functions of the shutoff and metering valves within a
current commercial plane fuel metering unit into a single functioning valve assembly. Team 49 was also asked
to propose a new material for the valves and a potential electric motor.

Team 51: UTAS Porous Plate
Sublimator
Sponsored by: UTC Aerospace Systems
Sponsor Advisor: Mark Zaffetti
Faculty Advisor: Amir Faghri

From Left to Right:
Christopher Olsen, Justin Hall, Amir Faghri

To evaluate the performance of the new designs, both computational and experimental analysis was
performed. Computationally, ANSYS was used to simulate the two alternative designs structural and thermal
properties. Experimentally, a thermal test, a bubble point test, and a structural test were executed. In the
thermal test, the porous plate fin assembly was placed between two aluminum blocks. One block was
submerged in ice water, while the other was exposed to an electric heater. Using thermocouples, the effective
heat transfer of the new design was obtained. Next, the bubble point test was used to determine the flow rate
of air through the porous plate fin assembly as compared to the stand alone porous plate. To measure this,
the upstream side of the porous plate was set at a certain pressure and the flow rate through the unit was
measured. The structural test was a destructive test performed to ensure the new design met the structural
requirements. The porous plate fin assembly was affixed to a tensile pull machine and force was applied until
failure.
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A porous plate sublimator is a type of heat exchanger developed by United Technologies Aerospace Systems
utilized to cool critical systems on various space applications. It takes advantage of the sublimation process,
the endothermic phase change of a solid directly to a gas, as a means of heat transfer in the vacuum of space.
Integral to this process is an array of fins that is attached to a stainless steel porous plate referred to as the
feedwater layer. The current process of affixing the heat transfer fins to the porous plate within the UTAS
sublimator assembly requires over 1,000 spot welds which is both costly and slow. To address this issue, Team
51 has developed two alternate manufacturing methods. The first utilizes brazing to attach two different types
of heat fins to the porous plate which allowed the team to determine the comparative effectiveness in addition
to the viability of using brazing in manufacturing. In addition, Team 51 has developed a design using additive
manufacturing by printing pin fins directly onto the porous plate via directed energy deposition.

Team 52: Alternative
Aircraft Brake Cooling
Sponsored by: United Technologies Research Center
Sponsor Advisor: Tom Filburn
Faculty Advisor: Dr. George Lykotrafitis

Joshua LaPera, Sierra Sands, Benjamin
McAndrew, Dr. George Lykotrafitis

One of the major factors that contribute to a delay in aircraft departure is the cool-down time of the braking
system. During a normal braking process, the Carbon-Carbon composite disks must dissipate a large amount
of thermal energy. Removing energy from the brake material could lead to reduced time between flights,
increased braking efficiency at low temperatures, increased brake lifetime, decreased fuel consumption, and
lower chance of damage to the brake structure and wheel housing from overheating.
The main objective of this project is to test the feasibility of removing a portion of the thermal energy from the
braking material, and releasing it elsewhere – which could result in a reduction of mass of the braking material.
The design limitations in the aerospace field are power, weight, volume, and cost. For this project, the design
created needs to follow these limitations by reducing the energy going into the brakes with a system that either
reduces the mass or volume of the braking material. The final design must be cost efficient.
The team’s solution to this problem was to research and understand the current braking system, as well as
multiple cooling mechanisms and test them on a brake sample to determine the most effective brake heat
dissipation methods. The results of the physical testing are verified through ANSYS Mechanical simulations.
The results of the project will be used to reach a conclusion on the possibility of incorporating a cooling system
into the current aircraft braking system.
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United Technologies Research Center (UTRC), a part of the United Technologies Corporation, strives to raise
the bar on modern technologies. As UTC’s main research and development body, they focus on advanced
propulsion and power, energy storage, building efficiency, autonomy and human-machine interaction, and
revolutionary aircraft systems. The focus of this project will be used to aid revolutionary aircraft systems
research.

Team 53: Decay Heat Removal
from Metal Canister
Sponsored by: Westinghouse Electric Company
Sponsor Advisor: Dr. Yasir Arafat, Emre Tatli
Faculty Advisor: Ugur Pasaogullari

Team 53: Hollis Smith, John DePasquale, Logan
Schier, Dr. Ugur Pasaogullari.

The computational fluid dynamics (CFD) software package Star-CCM+, from CD-adapco, was used to simulate
various fin designs to investigate design concepts. Geometric sensitivity analysis was automated by using the
add-on module Optimate+. By varying geometric parameters using Optimate+ in conjunction with StarCCM+,
the set of optimal designs were determined that would minimize both manufacturing cost and volumetric
criteria. A section of the canister was chosen for the prototype test. Two tests were performed: an unfinned
datum, as well as a finned section. The section used in the test was also modeled in CFD in order to confirm
the accuracy of the CFD modeling approach used in optimization. Test data and geometric sensitivity trends
were reported to Westinghouse. An optimal design was suggested based on these results. Concepts for future
testing, and considerations of alternate designs were also reported.
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Westinghouse Electric Company is the world’s leading supplier of safe and innovative nuclear technology.
After nuclear fuel has spent its useful life in the nuclear reactor, this spent fuel poses an environmental hazard
because it continues to emit high levels of radiation. Thus, spent fuel must be contained and cooled. An 18 ft.
tall cylindrical canister, with a diameter of 8 ft., will hold radioactive material that generates roughly 50-350kW
of thermal energy. Fins located on the outer curved surface of the vertical cylindrical canister serve to keep the
canister cooled to a safe temperature while dissipating the 50-350kW of thermal energy. Westinghouse tasked
Team 53 with analyzing the problem, performing sensitivity analysis to evaluate the optimal geometry, as well
as fabricating a prototype to validate the design of the heat sink.

Team 54: Design, Development
and Fabrication of a Compact
Titanium Hot Form Press
Sponsored by: Whitcraft LLC
Sponsor Advisor: Mr. Allen Roy
Faculty Advisor: Dr. Jeongho Kim

Shane Baker, Philip Caouette, Adam Castles,
Dr. Jeongho Kim

Target values were set for maximum press frame deflection due to loading and temperature and for maximum
piston temperature to prevent hydraulic system maintenance. The frame was designed to meet a maximum
deflection requirement with Abaqus and SolidWorks FEA and to be under the weight limit of Whitcraft’s
pallet jack for mobility. Plates with embedded coolant lines were implemented to cool the piston and frame.
A combined thermal and structural FEA was performed with Abaqus to model the effects of temperature on
frame deflection. A quick-change clamping setup was developed to hold Whitcraft dies of various sizes. A
PLC (programmable logic controller) system allows the hydraulic piston to be controlled with an operator input
routine without the need for manual activation. Finally, a part shielding system protects the operator from
excessive heat while maintaining part visibility.
The press was assembled at the Whitcraft facilities and is currently being used for part production. The
temperature at the piston during normal operation was observed and verified to be safely below the failure
point of the piston seals. The frame deflection under full hydraulic load was also measured and confirmed to
match the model simulated values. In addition, the operator ergonomics are greatly improved due to the PLC
system and improved heat shielding.
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Whitcraft is an aerospace manufacturing company located in Eastford CT who produces precision parts
for Pratt & Whitney, GE, Rolls Royce and other leaders in aerospace technology. Whitcraft frequently uses
hot pressing, which involves applying pressure and heat to brittle materials using heated dies, in their
manufacturing processes for multiple parts. However, their current titanium hot form press is not optimized
for its current application. The press is limited to a load of 30 tons, which is less than desired for current part
production. In addition, the hydraulic piston seal fails due to heat transfer leading to fluid leakage and the
ram motion must be controlled manually. Therefore, the challenge from Whitcraft was to design and build a
higher tonnage press with the smallest footprint possible and reduce thermal transfer to eliminate electrical and
hydraulic failure, while increasing operator ergonomics.

Team 55: Loss Coefficients for
Two Phase Conditions
Sponsored by: Zachry Nuclear Engineering, Inc.
Sponsor Advisor: Shane Williams
Faculty Advisor: Professor Brice Cassenti

Anthony LoBasso, Ian Horton, Daniel Cataldo,
Professor Brice Cassenti

To investigate the accuracy of single-phase loss coefficients in multiphase systems, an experimental test rig
was designed in which water was pumped through a control valve and a rotameter, then past an upstream
pressure gauge, a pipe fitting, and a downstream pressure gauge, and into a tank from which the pump would
draw the water. This initial test rig measured pressure drop of a water-only system across a pipe fitting, and
was modeled and simulated using GOTHIC. Once there was corroboration between measured and simulated
pressure drop, the test rig was modified to introduce air into the flow, creating a two-phase system. This twophase system was also modelled in GOTHIC and the experimental pressure drop results were compared to
the simulated GOTHIC results. The setup was also modified to use different pipe fittings including a reducer,
orifice plate, and valve, as well as differing flow speeds and void fractions. Experimental and analytical results
were compared to determine the applicability of single-phase loss coefficients in multiphase flow.
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Zachry Nuclear Engineering provides consulting, engineering, and project management services to the nuclear
power industry. An important tool at their disposal when analyzing and simulating thermo-fluid processes in
a plant is a computer code called GOTHIC. GOTHIC allows engineers to accurately model transient events
occurring in both single and multiphase systems, such as the containment building of a nuclear reactor. One
area of uncertainty in the GOTHIC output arises during two-phase (e.g. air and water) pipe flow through
fittings, such as valves and area changes. Loss coefficients for different fittings based upon their geometry
are readily available in a number of technical handbooks. However, these loss coefficients are based upon
single-phase flow conditions. Zachry currently uses these calculated single-phase loss coefficients as input
to GOTHIC to simulate the system response of multiphase systems. Limited work has been done to correlate
these single-phase coefficients to multiphase systems. The applicability of the single-phase coefficient to a
multiphase system has not yet been corroborated experimentally. This could potentially lead to discrepancies
between predicted and actual behavior of multiphase systems involving fittings.

Team 56: In-Space Recycling
and Reclamation Unit
Sponsor: NASA
Sponsor Advisor: Tracie Prater
Faculty Advisor: Rainer Hebert
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The sponsor for this project is the National Aeronautics and Space Administration (NASA). NASA has been
at the cutting edge of aeronautical research for decades, including many tremendous firsts for the human
race, such as the first man on the moon. NASA is instrumental in the upkeep and development of the
International Space Station (ISS), not only designing and deploying modules to the station, but also training
its astronauts for deployment. One of the most recent categories of research NASA has deployed to the
ISS is that of additive manufacturing. NASA hired the California-based company Made In Space to develop
a Fused Deposition Modeling (FDM) style additive manufacturing machine, or more colloquially known as
a 3D printer. The printer was developed and deployed to the ISS, resulting in multiple successful printing
sequences, including some practical tools used by the astronauts on board the station. The deliverable desired
by NASA at the completion of this project is an extension on the idea illustrated by the Made In Space printer.
NASA’s prompt was to build a combined 3D printer and printed part recycler. The machine must be able to
produce high-quality 3D printed parts, but also be able to take previously printed parts, recycle them to new
raw filament stock, and print new parts directly from that stock. The machine must satisfy all constraints
outlined in the ISS developer’s certification and standards handbook, in terms of power consumption, weight,
heat generation, physical dimensions, radio interference, and of course, comply and interface with the locker
system of unit storage on the ISS. All of these constraints were met in the final project. A replica of the top
half of an ISS Express Rack was built to house the machine. The three automation procedures (part removal,
filament drive wheel engagement, and filament extruder UI navigation) were all successfully completed, and
are all controllable from the web-based UI. A part can be placed into a chute, and automatically turned into new
usable filament stock. From this point, the only task the astronaut must complete to continue the life cycle of
the plastic is to clip the end of the newly extruded spool, feed it through a PTFE tube, and select a button in the
UI. From here, the machine is ready to additively manufacture parts with the recycled material.

Team 57: Integration of Heat
Pipes in Thermoelectric Power
Plants and Cooling Towers
Sponsored by: National Science Foundation
Faculty Advisor: Dr. Amir Faghri
Michael Petrucci, Dr. Amir Faghri

To improve dry-cooling system design, heat pipes where integrated into the system. Heat pipes are passive
heat transfer devices, relying on the latent heat of an internal working fluid to transfer large quantities of heat
across a relatively small cross-sectional area. In addition to traditional heat pipes, a recently developed
technology – Non-Phase Change Heat Pipes (NPCHP) – where investigated and incorporated into the system.
Unlike traditional heat pipes, NPCHP do not rely on the latent heat of a working fluid – instead, the internal
fluid is heated under pressure until a new method of heat transfer is reached, which offers greater heat transfer
rates than traditional designs using conventional heat transfer methods.
Both analytical and experimental work was conducted as part of this project. As NPCHP are a relatively new
technology, an experiment was conducted to test the effects of pipe diameter on the heat transfer rate and
internal pressure, and this data was used in the design of an improved system, allowing NPCHP diameter
to be optimized. Analytical work was done, and a program for calculating the thermal resistance of a heat
exchanger utilizing conventional heat pipes was developed. Using experimental results and the knowledge
gained form analysis of various designs, design improvements were devised and proposed, and their effects
on thermal efficiency, and overall plant efficiency determined analytically.
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The objective of this project was to develop an improved dry-cooling system design for thermoelectric power
plants. The majority of power plants in the United States today rely on wet-cooling systems to cool the turbine
exhaust, however these systems consume large quantities of water. This has negative environmental impacts,
and also makes the plants vulnerable to water shortages caused by drought or climate change. An improved
dry-cooling system design will better enable dry-cooling systems to compete, in terms of cost and efficiency,
with current wet-cooling technology.

Team 58: Enhancing and Developing
Spray Modeling for Gas Turbine
Combustion Applications
Sponsored by: Combustion Diagnostics Laboratory
Industry Advisor: Dr. Hukam Mongia
Faculty Advisor: Prof. Chih-Jen Sung

Kyle Twarog, Faculty Advisor Prof. Chih-Jen Sung

As such, team 58 was tasked with laying the ground work for a long-term investigation into these relationships.
The goal of this project was to design both an initial set of fuel injectors and an experimental rig with which to
test them. Both simplex and airblast injector types were designed, and were then fabricated utilizing various
additive techniques including SLA and SLS. The experimental rig was constructed so as to be able to evaluate
the spray field particle size distribution, symmetry, and velocity components. This was done utilizing PIV and
Malvern laser diffraction methods.
The practicalities of additively manufacturing injectors required an iterative design process and the construction
of multiple test units. The initial units did not perform well in testing, producing a highly asymmetrical spray
field. After optimizing both the injector designs and the manufacturing process a much more appropriate
spray field was produced. This spray field was then evaluated in detail utilizing the instrumentation of the
experimental rig. This was done to ensure both the final injectors and the rig itself could function in the given
application. Both the injectors and the experimental rig were found to be acceptable for use.
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The Combustion Diagnostics Laboratory at the University of Connecticut specializes in experimental and
computational investigation of combustion and propulsion phenomena so as to gain insights into efficient and
environmentally friendly combustion. Many of these combustion phenomena depend largely on practical fuel
delivery in the form of injection systems. In gas turbine applications these injectors, along with the resulting
mixing mechanisms, determine flame length, blow-out limits, flame temperature, emission formation, and many
other characteristics of the combustor. This makes the design of these injectors vital to the overall product.
At the present however, the design of fuel injectors is an iterative experimental process, as the relationships
between injector geometries, inputs, operating conditions, and other design factors and the spray field itself is
poorly understood.

Team 59: Ceramic Waste Form
Material Analysis
Sponsored by: U.S. Department of Energy, Nuclear Energy University Program
Faculty Advisor: Dr. Wilson K.S. Chiu

Peter Joseph Damian, Dr. Wilson K. S. Chiu

Model ceramic waste form materials were examined at the Stanford Synchrotron Radiation Lightsource using
a form of X-ray nanotomography (XNT). The specific XNT technique used is known as “differential X-ray
absorption contrast tomography.” This technique allows for the 3D mapping of elements throughout a given
sample through the use of X-rays at discrete energy levels and enables the qualitative assessment of their
concentration. The primary objective of this project was to demonstrate the use of this XNT technique to
analyze model ceramic waste form materials for microstructural properties. Two materials were examined,
namely Nd¬2Ti2O7 and Ba1.33Ga2.66Ti5.34O16 (Ba1.33-hollandite). Several samples containing only
Nd¬2Ti2O7 and only Ba1.33Ga2.66Ti5.34O16 were prepared to establish baseline measurements for
comparison to samples containing a combination of both materials. These material systems were analyzed
using this XNT technique. Major Ga and Nd containing phases within each sample were clearly identifiable
which allowed for the calculation of microstructural properties such as phase volume fraction and the
assessment of the morphology of each phase.
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Ceramic waste form materials are used in advanced energy processes to contain nuclear waste. These
materials have been developed over the course of several decades to provide an alternative means of waste
containment to current technology which employs borosilicate glasses. Ceramic waste forms have shown
the potential to reduce the costs of waste containment and offer improved performance, i.e. durability, when
compared to glass technology. Consisting of multiple crystalline phases, ceramic waste form materials’
crystal structures are currently designed to mimic those of naturally occurring minerals. The objective of this
design process is to develop a material with a high resistance to transport processes such as leaching to
offer improved long term containment. An understanding of ceramic waste forms’ microstructural properties is
needed to aid the design of increasingly durable materials as these properties have been known to influence
performance. This is apparent in the application of borosilicate glasses in current technology as changes within
the glass microstructure promote the processes of leaching which results in failure. Several microstructural
properties which may heavily influence performance include material phase composition, morphology, and
porosity.

Team 60: Design and
Optimization of Micro-Actuator
Metrology Devices
Sponsored by: University of Connecticut
Faculty Advisor: Dr. Michael Pettes
From left-to-right: Dr. Michael Pettes, Jeremy Brine

Finite-Element analysis was performed on each metrology devices under operational conditions; each
metrology device was defined with appropriate boundary conditions to produce experimentally validated
transport property values. With the raw data, calibration factors were created for future fabrication and
operation of the devices. In addition, a piezoelectric test stage was developed to rapidly optimize the thickness
and material selection for the micro-actuator. Simulations showed that the assumption of uniform temperature
distribution, as well as the lack of appreciable heat generation in the micro-actuation to be correct; the size of
the metrology probes are on such sizes that on the suspended platforms the temperature are uniform and the
joule-heating on the micro-actuators is minimal.
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Next-generation electronic materials are pivotal to match the future information demand of the nation.
Emerging two-dimensional materials show promise in nano-electronic applications due to their unique layer
dependent properties. Fundamental knowledge, however, for these two-dimensional materials is limited.
In particular, the strain-coupled behavior on transport properties of low-dimensional materials is poorly
understood. To study transport phenomena of these low-dimensional materials, micro-metrology devices are
designed to operate at such small length scales. The scope of the project is to design, simulation, validate
and optimize four micro-actuator, micro-metrology devices for multi-property characterization. The four
devices, a featureless membrane device, thermal device, thermal-strain device, and Van der Pauw-strain
device will characterize thermal and electrical conductivities as well Seebeck coefficients for low-dimensional
test materials. The goal of the project is to determine the uncertainty in the different devices in measuring
their respective transport property, checking several operational assumptions, such as uniform temperature
distribution on the thin-film electrodes and the importance of radiation heat transfer while inside the in-situ
testing chamber. Determining optimal material choice for the micro-actuator for both minimal heat generation
as well as precise control over deformation is also a goal for the project. The scope of the project is to provide
optimal and calibrated devices for future strain-couple experiments.

Team 61: Modeling CMAS
Infiltration Dynamics into
Thermal Barrier Coatings
Sponsored by: University of Connecticut
Faculty Advisor: Dr. Tai-Hsi Fan and Dr. Eric Jordan
Sean Gunn and Dr. Tai-Hsi Fan.

In this project, we will model capillary infiltration of CMAS into cracks of the thermal barrier coating. When the
hot section heats above 1200 ºC the CMAS begins to melt and saturate the micro¬ scale pores in the TBC.
As the CMAS flows through the TBC it begins to harden, which causes the coating to stiffen and lose its ability
to thermally expand. Furthermore, in some cases elements from the TBC diffuse into the CMAS changing its
composition and impacting the infiltration. The model will include this and will predict the impact of crack width
and CMAS viscosity on the depth of infiltration. This leads to a problem analogous to the challenging heat
transfer conduction convection problem with the flow driven by capillary force. We aim to develop analytical
and computational models to describe the relevant transport phenomena and provide scaling law for advanced
experimental analysis.
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Thermal barrier coatings (TBC’s) are applied to metallic surfaces of the hot-section components of gas
turbines to protect the engine and meet higher fuel efficiency. Due to extreme operating temperature, TBC’s
are vulnerable to penetration by calcium-magnesium-alumino-silicate (CMAS).This material emerges from the
siliceous debris ingested with air intake, where the debris deposits on components of the hot section. Over the
years there have been a lot of studies on the choice of materials in barrier coatings and the durability of them.
However, micro-structure geometry effects have a huge impact as well and have yet to be studied.
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