Department of Mechanical Engineering
SENIOR DESIGN PROJECTS
2006-2007

Friday, April 27, 2007, from 1:00 – 4:00 PM
Engineering II Building

The Department of Mechanical Engineering sponsors a Demonstration Day event to showcase the
design projects of its graduating seniors. A culminating feature of the Mechanical Engineering
curriculum are the two semester senior design project courses. In these courses, students tackle
open-ended industrial sponsor technical/business problems whose solutions require a synthesis of
design know-how, judgment, technical skills, analysis, creativity and innovation.
The Senior Design Open House and Demonstration Day event will be held on Friday, April 27,
2007, from 1:00 – 4:00 PM in the Engineering II Building. The top three projects will receive cash
awards. A panel of judges from industry will select the winning projects. Refreshments will be
served. For more information about the event or the program, please contact Thomas Barber at
860-424-0848 or barbertj@engr.uconn.edu

“Scientists dream about doing great things. Engineers do them.”
- James A. Michener

Senior Design Class 2006 - 2007

Active Faceted Mirror Array
for Use in Extreme Ultraviolet Lithography
Team 1: Chintan Bhatt, Christopher Larsen,
Aaron Martin
Sponsoring Company: ASML
Faculty Advisor: Professor Kevin Murphy
Company Consultants: Steve Roux, Jim Walsh

Parametric Study of a Photolithographic
Purging System
Team 2: Mario Escobar, Paul Fazzino, Fabiano Santin
Sponsoring Company: ASML
Faculty Advisor: Professor Tai-Hsi Fan
Company Consultant: Steve Roux

ASML, headquartered in the Netherlands, is a world
leader in the manufacture of high-technology equipment for the semiconductor industry. From the Wilton, CT office, ASML is developing procedures and
machines to be employed in extreme ultra-violet lithography environments. Since extreme ultra-violet light (EUVL) is absorbed by lenses and air, this
mechanism, which is an active mirror array, operates
under a vacuum. The actuation system of the mirror array relies on magnetic, reluctance principles.
Both custom developed actuators along with pre-fabricated inductors have been used. A machined spring
provides the restoring force, and the entire system is
supported by a custom fitting pin. Tests have been
performed to confirm the force output of the actuators, and the linearity of the custom made machined
spring. Additionally, tests have been performed to
ensure the structure can dissipate .018 Watts of incident heat, while maintaining operating temperatures
within required limits.

In the process of creating an integrated circuit, a laser
beam passes through a series of lenses that dilute the
beam to create a pattern on layers of a silicon wafer. The final product is a computer chip that consists
of millions of transistors per mm2. In this process
the lenses become contaminated by undesirable substances, one of them being the epoxy which is used
to mount the lenses. This contamination affects the
laser transmission. A solution to this problem is to
constantly purge the system with a chemically inert
gas such as nitrogen. ASML, a Dutch manufacturer
of photolithographic equipment with US headquarters in Wilton, CT, has solicited a parametric study
of its lens purging system. CFD analyses have been
conducted to study effects of varying the number of
nozzle inlets and their inlet speed in the flow field.
The type of flow studied was laminar while the volumetric flow rate was kept constant. By tracking particles and evaluating the mass fraction of pure and
contaminated nitrogen inside the cell, the team has
been able to identify which parameters should be
given emphasis over others to provide a more efficient purge.

Real Time Measuring and Monitoring
of Adhesive Flow
Team 4: Andrew Paterson, Caleb Roseme,
Christina Posada
Sponsoring Company: Henkel Loctite
Faculty Advisor: Professor Jiong Tang
Company Consultants: Steve Hemsen, Michael Andrade

Disk Synthesis
Team 3: Spencer Champagne, Nathan Champion,
D. A. Evarts
Sponsoring Company: Pratt & Whitney
Faculty Advisor: Professor Horea Ilies
Company Consultants: Kim Perlotto, Bob Morris
Pratt & Whitney, East Hartford, CT is responsible for
supplying its customers with functional aero engines
whose parts meet life expectancy requirements. The
engine segment of focus is the staged rotor, made up
of several disks. Currently the disk life prediction process is largely intuitive in terms of which disk sizing
parameters greatly affect the life of a disk. The goal
is to properly size a disk for adequate life in given
performance environments. In order to standardize
and streamline the current process, a procedure has
been encoded into an ANSYS macro that varies the
geometries of the disk, applies given loading conditions at six specified mission time points and solves
for the highest first principle stress. Once analyzed,
the maximum stresses at each disk size and each mission time point are output to an optimization program
that solves for the geometry yielding the lightest disc
structure and providing the longest life. Analysis results have been compared to previous Pratt & Whitney rotor tests to verify their acceptability.
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Loctite is looking for a better way to help reduce
their customer’s losses and expenses of adhesives
in their production line during application. Remote
monitoring systems monitor the adhesive mass flow
rate during the application process on the assembly
line. Henkel wants to be able to measure the flow rate
being dispensed from one of these monitoring systems. Currently Henkel has the technology required
to monitor the usage of “Hot Melt.” The objective of
this project is to obtain a metering system that allows
for accurate measurements of the adhesive quantity
dispensed. The most important constraint in this device is obtaining a system that would allow for accurate (0.1 gram/dispense cycle) flow measurement
of adhesives that won’t cure inside the system or
react with the sensor material. In addition, the flow
monitoring system is able to run adhesives with high
viscosities. Accuracy has been validated by running
numerous runs using the flow meters obtained and
the adhesives in question.

Improvement of Deburring Procedures
Team 6: Martin Huber, Dan Petrovich, Michael Royce
Sponsoring Company: MTU Aero Engines North
America
Faculty Advisor: Professor Bi Zhang
Company Consultant: Mike Kot
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Pre-Activated Epoxy Dispenser Designs
Team 5: Nicholas Destefano, Kurt Doughty
Sponsor Company: Henkel Loctite
Faculty Advisor: Professor Ranga Pitchumani
Sponsor Contacts: John Cocco and Alexander Kniffin
An inline pre-activated epoxy (PAE) dispenser design is needed for Loctite® Light Activated Epoxy
3355. Epoxy 3355 is a single component epoxy that
begins to cure when exposed to 365nm ultraviolet
(UV) light. The rate of cure of Epoxy 3355 depends
on activating light intensity, Ia, time of exposure to
activating light, texp, and temperature, T. The goal
of this project is to produce a prototype dispenser,
which will control the activation and cure rate of Epoxy 3355. Differential scanning calorimetry (DSC)
experiments were performed in order to develop an
empirical model of the rate of cure of Epoxy 3355.
The rate of cure model was used to determine appropriate operating conditions for the PAE dispenser.
The total heat released during the exothermal curing
process of Epoxy 3355 was also characterized by the
DSC experiments. The heat of reaction information
was used to design a dispensing chamber capable of
dissipating the heat generated by the pre-activated
epoxy in order to control the rate of cure more effectively. An aluminum chamber design was chosen in
order to demonstrate the validity of the experimental
model.

MTU AENA is a German company that specializes
in manufacturing high quality turbine parts for use in
jet engines. Pieces coming out of the machining process are not yet complete; most will have small imperfections, called burrs, which need to be removed.
The deburring procedures that are currently in place
for these parts, while sufficient, are not ideal for the
company’s desired production output and cost efficiency. Presently, all deburring is done using pneumatic hand tools along with other manual methods
utilizing files and sandpaper. The team was assigned
a turbine disk to focus on specific procedural improvements and given a benchmark to decrease the
deburring time by 25%. Investigations into tooling
and department organization improvements were
made for MTU’s current low-production scenario,
while electro-chemical machining (ECM) used in
a deburring application was considered for a future
high-production scenario. Burrs were artificially
created on small test-pieces of Inconel and titanium,
two common aerospace metals, and then removed via
an ECM procedure. These tests served to investigate
material degradation and grain boundary attack, as
well as to check for issues when etching the affected
areas during post-processing inspection.

Engineering Development Platform for
Injection Cooling of Optical Lenses
Team 8: Craig Moore, Tyler Novak, Daniel Terminesi
Sponsoring Company: Gentex
Faculty Advisor: Professor John Bennett
Company Consultants: Eric Begg, Severine Tisne

Space Vehicle Air Velocity Distribution
– Hardware Design and Prediction
Team 7: Stefanie Flynn, Caroline Rupp, Garth Truesdale Sponsoring Company: Hamilton Sundstrand
Faculty Advisor: Professor Thomas Barber
Company Consultants: Tim Scull, Mary Ann Chesery
Hamilton Sundstrand is responsible for designing
several life support and environmental control systems for the Orion Crew Exploration Vehicle (CEV),
one of which is the air ventilation system of the cabin. An important role of the air ventilation system
is to replicate free convection throughout the cabin,
which is absent in the zero-gravity environment of
space. This free convection is important in maintaining the comfort of the astronauts by removing
sensible and latent heat, along with moisture, from
their bodies. Fluent, a Computational Fluid Dynamics (CFD) software program, was used to model the
air flow patterns in the cabin. This was done in order
to determine that a specified air velocity range was
met, ensuring that free convection was replicated.
Additionally, other design metrics were established,
such as the evacuation of carbon dioxide, the residence time of the air in the cabin, and analysis of
the streamlines. These were performed on the cabin
in order to verify the integrity of related life support
systems. Results were obtained for a variety of possible systems by varying the design and location of
seven flow distributors within the cabin. The outcomes were compared in order to determine the best
ventilation system.

Gentex Optics Inc., a private subsidiary of Essilor, is
a leading manufacturer of precision optical lenses for
use in military, industrial and commercial applications. The use of polycarbonate material in the development of such lenses is an integral element in their
success. In the development of optics for their commercial sector, primarily eyeglass lenses, the lens
formation takes place by means of polycarbonate
injection molding. During this process, the polycarbonate material undergoes phase changes from stock
pellets to a liquid melt, back to a desired shaped solid
as it cools in the injection molding machines. With
an ultimate goal of improved production efficiency
and a streamlined lens injection process, a better understanding of the thermodynamic behavior inside
the mold was desired. Thus, an engineering platform
was developed that would yield reliable transient
thermal data during the polycarbonate lens cooling
process within the injection molding machines. This
was done by means of building a 1:1 scale mold insert
replica model and integrating a measurement system
that can collect data while withstanding the conditions that are present during the lens creation process.
As such, it was required that the design of this platform accommodate a temperature range of 100°C to
300°C and be unaffected by the pressures created by
the injection. The transient thermal data was recorded
by shielded thermocouples embedded into the mold
inserts and attached remotely to a data acquisition
system. Thermal data was recorded by means of National Instrument’s LabVIEW software and exported
for analysis. Once the systems was designed and
tested on the
model it was
then implemented into
the
actual
machine at
Gentex and
live data was
acquired.

Pharmaceutical Grinding
Team 10: Nicolas Figueiredo, Nandan Patel,
Joshua Pinnolis
Sponsoring Company: UConn Pharmaceutical
Department
Faculty Advisor: Professor Bi Zhang
Company Consultant: Robin Bogner

Bearing Vibration Insulation Kit – Design,
Manufacturing and Characterization
Team 9: Daniel Koenig, Nasir Mannan, Robin Neri
Sponsoring Company: Otis Elevator
Faculty Advisor: Professor Nejat Olgac
Company Consultants: Marty Hardesty, Jerry Piech,
Scott Boulanger, Dave Torlai,
Vijay Jayachandran, Patricia Driesch
Otis Elevator, Based in Farmington, CT, has a compact elevator system that eliminates the need for a
machine room at the top of the elevator shaft. The
driving motor for the elevator is placed directly inside the hoistway; because of the location of the motor, noise emission must be kept to a minimum. The
design team was to test various materials to be used
to isolate bearing noise emission. Material choice
was made through research on wave propagation
and predicted performance was validated through
a series of analytical and numerical studies. An experimental model was built to approximate operating
speeds and loads for the bearing and to test different isolating devices. The effect of each material was
analyzed and compared to theoretical data generated
by the team.

UConn Pharmaceutical Department is investigating
new methods of inducing amorphization of pharmaceutical drugs. The current process involves cogrinding the drug with Neusilin in a ball grinder for
several days to bring the drug to a complete state of
amorphization. The goal for the project was to create
a device that would utilize a continuous process as
well as shorten the amount of time it takes to induce
an amorphous state when co-ground with Neusilin.
To do this, a completely new method was created
which involves disk grinding of the drug with Neusilin. To prove the concept would work, a prototype
was first drafted using CAD software and then fabricated. The grinder introduces the powder in between
a top stationary disk and a bottom rotating disk near
the center of the disks, while a force is applied to the
two surfaces due to gravity. The powder is ground by
the rotating disk and works its way from the center to
the outside of the disk, due to grooves in the top disk.
Tests verified the effectiveness of the disk grinder.

Automated Hairspray Manufacturing System
Team 12: Diana Inthapanhya, Joseph Rosa, Jr.,
William Royle (ME)
Jon Hsieh, Dustin Rhodes (EE)
Sponsoring Company: Unilever
Faculty Advisors: Professor Robert Jeffers (ME),
Professor Rajeev Bansaal (EE)
Company Consultants: Chrisanne Mortensen, Eric
Miller

Late Variant Addition System
for Nursery Petroleum Jelly
Team 11: Abdoul Dia, Erich Fournier, Robert Ginsberg
Sponsoring Company: Unilever
Faculty Advisor: Professor Robert Jeffers
Company Consultants: Chrisanne Mortenson,
Eric Miller
Unilever, Clinton, CT is looking to install an inline
mixing system that can be used for their nursery petroleum jelly line. Currently, the nursery petroleum
jelly is mixed in two large tanks and then sent to bottling. This new system will be automatic; no workers will be needed to measure ingredients. The team
brainstormed possible mixing ideas and then selected
the best fit for the system based on cost, complexity,
energy requirements, and mixing quality. Two mixing ideas were tested, a baffle mixer and helical mixer. The mixing quality was then tested and, based
on these results, the team was able to recommend an
inline mixing system that can be used for the nursery
petroleum jelly line.

Unilever in Clinton, CT wants to implement a system to automate the production of hairspray premix
batches. Unilever currently employs a procedure in
which minor ingredients are manually measured,
transported and added to a premix tank. A system
was designed and constructed several years ago to
automate ingredient addition, however the project
was never completed and equipment has remained
unused. In order to reduce manual labor, improve
quality, and implement company assets, the team has
completed the system design with cost estimates for
project completion and implementation. A prototype
system was constructed to test for system functionality, logic control, and system flushing cycles.

Performance Simulation of Blender
and Exhaust Brake Systems
Team 14: Joseph Demeter, Francis Hanrahan,
Michael Sikora
Sponsor Company: Jacobs Vehicle Systems
Faculty Advisor: Professor Michael Renfro
Company Consultants: Jeff Mossberg,
John Schwoerer

Design of a Fuel Cell Power Plant
Frame Enclosure
Team 13: Chase Davis, Gerald Matyschsyk
Sponsoring Company: UTC Power
Faculty Advisor: Professor Kenneth Reifsnider
Company Consultant: Donald Jacques
UTC Power, a United Technologies company in
South Windsor, CT, has for years been a leader in fuel
cell technology and development. UTC Power has
developed a PC25 power plant that puts out 200kW
of power at 90% efficiency. The unit’s frame and
enclosure has been constructed of steel outsourced
from another company. Newer PC models are bigger and much heavier and are becoming expensive
to send to their final destinations due to wide load
truck regulations and the rising prices of steel. UTC
Power is examining the possibility of using alternative materials in the fuel cell plant’s frame construction in an effort to reduce weight and improve power
density. The new material must meet or exceed all
existing load bearing requirements currently provided by the steel. In addition, design issues need
to be addressed concerning the side access panels to
allow for easier maintenance in a more efficient, less
tedious manner.

Jacobs Vehicle Systems designs engine and exhaust
brakes for diesel truck engines. In order to test and
size these systems to specific engines, a dynamometer
is used in conjunction with the customer’s engine and
the different engine and exhaust brakes. This method
is time consuming and costly. The sponsor wishes to
have a more cost-effective and simple method to test
and size their brakes to customer engines. To this
end, a 6-cylinder diesel engine has been simulated
in Simulink which mirrors the physical principles
of a real engine. This model has the capability to
manipulate not only engine parameters but also the
parameters of different brakes. By changing the parameters, the results will reflect outputs specific to
the inputs of the engine. As a result, the model can
show, through its output graphs and values, which
brake will result in the best braking power for a specific engine. Validation of the model can be done by
matching the model’s results with those from actual
dynamometer data.

Core Redesign of the HCU-6E Military Pallet
Team 16: Lukentz Deroly, Matt Mordasky, Kurt
Padilla
Sponsor Company: Capewell
Faculty Advisor: Professor Eric Jordan
Company Consultants: Vincent Juchinewicz,
Adam Fitzgerald

Marine Vehicle for Low Impact Tether
Team 15: Anthony Good, Andrew Macione,
Todd Schuman
Sponsoring Company: General Dynamics Electric
Boat
Faculty Advisor: Professor Theodore Bergman
Company Consultants: Dawn Barrasso, John Pavlos
Electric Boat, Groton, CT is exploring a prototype
control system to be used in maritime towing operations. The control system (which has been designed to
be attached to a towed vessel) receives a signal from
the towline and actuates its own propulsion system in
order to provide a stable yet drag free tow from the
host ship. The control system has been designed to
receive no active control signals from the host, as the
towed vessel is to be completely autonomous. The
control system has been designed using a tension/
compression load cell to sense tow line tension and
a Digital Servo-Amplifier to actuate the tow-ship’s
own propulsion system. Towline tension and motor
drive current is logged via a portable type paperless
chart recorder. The control system accommodates
modest maneuvering by implementing a two-pulley system attached to a kayak rudder. Performance
testing occurred at the University of Connecticut’s
swimming pool.

The HCU-6E is a military pallet produced by
Capewell for aerial transport purposes. The main
purpose of this pallet is to hold and secure cargo during loading and flight. The current pallet is made of a
Balsa wood core with an upper/lower skin and frame
of 6061-T6 aluminum. Balsa has a high strength to
weight ratio and low cost, making it highly appropriate for the cargo pallet. However, the balsa core has
several inadequacies including a short product life
and an environmentally unfriendly image. Therefore,
Capewell is looking to manufacture a pallet with a
metallic or polymer core while maintaining the same
pallet frame components, dimensions and desirable
characteristics of balsa. Various criteria are used to
select an appropriate core such as cost and weight
density. Selection involves mechanical tests to determine material properties and behaviors. The outcome
of these tests determined how well the pallet would
perform during its lifetime. While research yields a
selection of suitable materials, thorough testing led
to the best replacement. Custom-made test fixtures
were utilized for testing. Also an environmental
chamber located at the Connecticut Global Fuel Cell
Center was used to research environmental effects of
the material behaviors in order to obtain a successful balsa replacement. After extensive testing several
suitable core material replacements were identified
and submitted to Capewell as possible substitutes.

Hinge Design
Team 18: Sarah Knodler, Rick Leites
Sponsoring Company: OSIM International Ltd.
Faculty Advisor: Professor Kazem Kazerounian
Company Consultant: Lim Boon Buan

Reverse Engineering and Redesign of the
iSqueez Foot Massager
Team 17: James Kriedel, Jonathan Mastrianni,
Robert Sladen,
Sponsor Company: OSIM International Ltd.
Faculty Advisor: Professor Kazem Kazerounian
Company Consultant: Lim Boon Buan
OSIM International Ltd., Singapore, focuses on
manufacturing products that promote healthy living. They want to improve the overall massage
given by their iSqueez foot massager product. This
project was aimed at changing some original design
components and implementing additional massage
mechanisms that would act to massage the bottom
of the foot as well as the back of the leg or the calf.
A prototype was developed with attention given to
size constraints, controlling the additional weight,
and accuracy. The new design uses the properties
of a linkage system to produce the desired motions.
The design also has an improved vibration reduction
feature which localizes the vibration to the foot area.
A safety release has been added to allow the user to
more easily pull their feet out of the pads if an electrical outage occurred during use.

OSIM is a global leader in healthy life style products.
It currently carries an array of massage products, including massage chairs. Their massage chairs incorporate many of today’s latest technologies, including
sensors to detect acupressure points for a more effective massage. Currently, when the chair is reclined,
the back of the chair slides along the consumer’s
back. This causes the acupressure points, which were
located upon sitting in the chair, to now be located at
a slightly different position on the chair. A hinge system has been developed so that the contact points of
the consumer and the chair remain constant throughout a recline. The hinge system utilizes a four bar
linkage system which places an instantaneous center into a desired location in space. This system was
inverted for use as the hinges of the leg rest of the
chair. The system has been designed to safely handle
loads up to 300 lbs.

NO-BAK Brake Design
Team 20: Joshua Brown, Carlyle Johnson,
Johan Nordlund, Evan Steiner
Sponsoring Company: Carlyle Johnson Machine Co.
Faculty Advisor: Professors Zbignew Bzymek and
Marty Wood
Company Consultants: Michael Gamache,
George Podgorski

IGALLOP Efficiency Study and
Re-Engineering and Design Improvements
Team 19: Dimitrios Pantazis, Matthew Struski
Sponsoring Company: OSIM International LTD
Faculty Advisor: Professor Kazem Kazerounian
Company Consultants: Lim Boon Buan
OSIM International is a global leader in branded
healthy lifestyle products. The objective of this project was to first study the efficiency of the fitness machine, iGallop, which simulates horseback riding,
and second to develop and implement design modifications to improve its efficiency. New design concepts were developed regarding the addition of two
new motions on the existing motor. The side-to-side
movement and the rotating movement were thought
to increase the intensity and efficiency of iGallop as
a workout machine. Side-mounted extension springs
as well as low-carbon steel shaft (used as pivot point)
were incorporated into the original motor to accommodate the dipping movement. In addition to that,
self-lubricated ball transfer units were integrated
for the rotating movement so that the loads would
move smoothly, precisely and with minimum effort
in any direction. The total amount of calories burnt
during exercise as well as the benefits to and effects
on the user was determined before and after the reengineering of the machine in order to evaluate the
efficiency. A human statistical analysis was run to
obtain a measure of the calories burned using a commercially available heart rate monitor.

The Carlyle Johnson Machine Company, Bolton, CT
is in need of testing on their No-Bak Brake system.
The No-Bak Brake is a mechanical device that transmits torque only in one direction, not allowing it to
be transmitted backward through the system. Several
dynamic tests were performed on two No-Bak brake
units, including dynamic stop, back-drive, impulse,
and temperature tests. Dynamic stop is used as an
inertial load on the output of the brake to determine
stop time when the input shaft is decoupled from the
motor. The back-drive test uses a cantilevered beam
that was allowed to partially free-fall during rotation
to introduce a periodic small impulse force to see if
the brake would transmit a torque back through the
system, which would be sensed by a torque transducer. The temperature test measures three faces of the
unit during normal operation. The impulse test determines the largest impulse force that the brake can survive without transmitting torque backwards through
the system. The performance criteria determined the
maximum impact force the brake can withstand when
a stop time of less than 20 milliseconds was imposed
while holding at least 35 ft-lbs of static torque, and a
temperature under 150 degrees. Predicted dynamic
stop times were in the 5-10 millisecond range. Static loading of up to 50 ft-lbs, with no torque being
transmitted back through the system, was observed.
In order to test the two brakes, the team designed
and built a test stand out of angle iron and C-channel steel. A 5-HP motor with A/C drive controller
and 5:1 gearbox was also used. One of the two NoBak units was tested to failure. Testing results and
design change considerations were delivered to the
company.

Reliable Hub-Shaft
for Mail Processing Products
Team 22: Jason Monk, Andrew Wilhelmsen
Sponsoring Company: Pitney Bowes
Faculty Advisor: Professor Ugur Pasaogullari
Company Consultant: Jim Salomon

Electric Pin Installer and Pneumatic
Pin Remover
Team 21: Aakash Puntambekar, Ryan Reif,
Jesse Schofield
Sponsoring Company: GKN Aerospace Structures
Division
Faculty Advisor: Professor Nigel Sammes
Corporate Contact: Allan Betts
GKN Aerospace Structures Division is based in
Cromwell, Connecticut, and uses Resin Transfer
Molding (RTM) to produce advanced composite parts
for the aerospace industry. In the RTM process, the
mold components are aligned using pins, after which
the mold material is injected. The pins are currently
installed and removed manually, a process which is
extremely time-consuming and physically exhausting for the technicians who perform it. The focus
of this project was to develop two separate devices
capable of removing the pins in a way that minimizes
the duration of the process and the physical difficulties experienced by the technicians. Several different
designs have been considered after theoretical and
empirical tests and prototypes have been constructed. The devices have been tested in the facility and
have been successful in removing and installing the
pins while saving time and energy.

Pitney Bowes, Shelton, CT, a worldwide manufacturer of mail processing products, has encountered
a failure problem with hub-shaft joints. The failure
of the hub-shaft joints involves loosening of screws
that attach the drive gears to the shafts that move the
paper through the machines. A fixture was designed
and manufactured to replicate the failure of these
joints. An unbalanced mass and rubber cam design
was made to induce vibration and resistive torques.
These forces were applied to the shafts to exaggerate
the standard operating conditions of the machines.
The hub diameter, screw landing, and screw preload
were the adjustable factors. The data collected was
plotted against cycles to screw failure. Software
analysis estimates of the stress and strain experienced
by the hub-shaft joint were obtained using ABAQUS
FEA code. These results were compared with the
collected empirical data.

Design and Validation of S-Duct Inlets
at Static Conditions
Team 23 : Joseph Bartolucci, Jason Paternostro,
Peter Thomas
Sponsor Company: Pratt & Whitney
Faculty Advisor: Professor Baki Cetegen
Company Consultants: Steve Zysman, Charley Wu,
Robert Miller
Pratt & Whitney, located in East Hartford, CT is interested in developing a low cost alternative to wind
tunnel testing as it relates to inlet design. Presently
Pratt & Whitney must run physical tests on all models that are developed which are both expensive
and time consuming. Computational fluid dynamics
software can be used to predict design performance
before resources are spent on models and testing.
CFD simulations were run with as much as a 7 psia
difference between inlet and outlet pressures while
sufficiently maintaining a constant pressure profile at
the Aero-Inlet Plane (AIP). CFD simulations using
Fluent can be used to predict many important performance criteria such as pressure distribution and velocity profiles. A physical SLA model (built to model
scale) was than produced by Pratt and Whitney. This
model mimicked the structure of the final S-Duct Inlet design. Wind tunnel testing then took place in the
PW Middletown plant under the same conditions as
the CFD simulations. Both CFD and physical tests
have been run to compare and verify the predicted
and experimental results.

Enhance Current Raceway Systems
Team 24: Jonathan Mcleod, George Meyerle,
Patrick Schaedler
Sponsoring Company: Wiremold Legrand
Faculty Advisor: Professor John Bennett
Company Consultant: John Marrotte
Wiremold is interested in developing more secure
raceway systems for government and military applications. The projects goal is to develop a raceway
system that can provide the desired level of security
for these applications, as well as be adaptable to other,
less secure markets. This requires that the raceway
be accessible only to the proper authorized personnel
at desired access points. One of the other main desirable features for this raceway is that it remains aesthetically pleasing when in use. The design chosen
uses tracks to hold the cover and the base while the
coupling sections lock the pieces together. Plastic
models were made in a rapid prototyping machine to
examine fit and clearance issues before models were
made in sheet metal. The raceway must be noticeably damaged if any tampering has been done to the
system. In order to ensure the security of the system,
the raceway that is designed will undergo crush and
pry tests. These tests were performed using a tensile
tester at the Wiremold facility in West Hartford, Connecticut. The results will confirm whether or not this
raceway is suitable for use in these intended applications. The raceway has also been designed to meet
UL/NEC code requirements.

Separation Monitoring System
for Coaxial Helicopter Rotors
Team 25: Jim Cornacchio, Chris DeCesare, Craig
Manzi
Sponsoring Company: Sikorsky Aircraft
Faculty Advisor: Professor Jiong Tang
Company Consultant: Robert Blackwell
Sikorsky Aircraft is developing a helicopter, the X2
Demonstrator, that employs coaxial counter-rotating
rotors. It is critical that clearance between the tips
of the lower and upper rotors be maintained during flight to prevent catastrophic failure. The goal
of this project is to develop a system to measure the
minimum distance between any two counter-rotating coaxial helicopter blades and determine where
that minimum occurs relative to the fuselage. The
solution employs magnetic fields created by metallic
coils etched onto printed circuit boards and placed
within the helicopter blades. Magnetic fields were
chosen as the measurement method because they are
relatively insensitive to ambient atmospheric conditions such as light, temperature and humidity. A coil
on each blade of the upper rotor produces a magnetic
field, and a coil on each of the lower rotor blades has
a current induced in it when the field passes through
it. The amount of current induced is a function of
the distance between the blades. A demonstration rig
was built in order to demonstrate the basic functioning of this measurement system.

Environmental Chamber
for PEM Characterization
Team 26: Yvonne Koehler, Miguel Tanudra,
Jason Ward, Pheng Yang
Sponsoring Company: Fuel Cell Energy
Faculty Advisor: Professor Wilson Chiu
Advisor: Trent Molter, Roham Solasi
Company Consultants: Pinakin Patel, Ludwig Lipp,
Ray Kopp
For the past forty years, Fuel Cell Energy, Danbury,
CT has been developing and manufacturing fuel cell
power plants. FCE is now venturing into polymer
electrolyte membrane fuel cells for automobiles.
There are three characteristic quantities of interest:
1) the conductance2) the gas cross-over rate and 3)
the tensile strength of the membrane. For this project,
the characteristics of the PEM and how these characteristics are affected by temperature and humidity
are determined. All three membrane characteristics
are known to affect the efficiency of the fuel cell.
To simulate the different climate conditions, an environmental chamber is used to control and alter temperature and humidity. Two devices were designed
to test for the conductance and gas-crossover rate of
the membrane. The conductance device uses a fourprobe method to measure the proton conductance
of the membrane while the gas cross-over device
measures the amount of gas that directly crosses the
membrane. For the tensile strength, a tensile machine
with a 2kN load cell is used. Each characteristic is
measured while the membrane is exposed to a set
temperature and humidity level inside the environmental chamber. These tests are repeated at different
temperature and humidity settings. The results show
PEM characteristics as a function of temperature and
humidity which allows Fuel Cell Energy to select the
most efficient membrane at varying climate conditions for their PEM fuel cell.

Automated, Inline Connecting
Block Vision System
Team 28: Matthew Dieringer, Daniel Sadlon,
Kenechukwu Uyanwune
Sponsoring Company: The Siemon Company
Faculty Advisor: Professor Marty Wood
Company Consultants: Victoria Simpson,
Mark Varlese, Bob Startky

Examination of Performance Capabilities of
Various Parachute Designs with CFD
Team 27: Kevin Duffy, Daniel White, Ross Wilson
Sponsoring Company: Pioneer Aerospace
Corporation
Faculty Advisor: Professor Thomas Barber
Company Consultants: Dr. Mike Kandis
Pioneer Aerospace Corporation (South Windsor, CT)
is a renowned leader in the design, development, and
production manufacturing of cutting edge aerodynamic deceleration systems designed to aid space exploration programs. In an industry that is constantly
improving, Pioneer Aerospace is looking to implement FLUENT, a Computational Fluid Dynamics
(CFD) simulation software, into the research and
development testing of its Disk-Gap-Band (DGB)
parachute design. FLUENT has been used to predict
performance simulations of the DGB design in both
axisymmetric and three-dimensional orientations as
it trails behind various testing forebodies, including
a Blunt Nosed Cylinder (BNC) and Pioneer’s own
Drop Test Vehicle (DTV), at both subsonic and supersonic speeds within Terrestrial and Martian atmospheric conditions. These forebodies have been
dimensionally modeled and meshed, and then input
into FLUENT for simulation exercises as all postprocessing results from simulations have been utilized in validating CFD data with on-site hardware
testing conducted by Pioneer Aerospace.

The Siemon Company, located in Watertown, CT,
currently utilizes an offline vision inspection system
for their C-connecting networking block manufacturing process. The goal of this project is to design
and fabricate an inline vision system that will inspect
each part while maintaining the full line speed of 50
parts per minute. The designed system utilizes a series of mechanical components to individualize, orient and transport the parts so that a series of cameras
may visually inspect them. The blocks are transferred from the exit of the manufacturing process using a Pick-and-Place mechanical device. The blocks
are then singulated from their grouping so that each
block may be individually inspected. The process
uses a DVT Intellect software package to visually inspect and sort the parts, as well as to control the QA
process. The software package uses light-to-dark
pixel differentiation along with complex algorithms
to implement the company’s required standards to
the process. Triggers and sensors control the timing
of the process, which is orchestrated by a Programmable Logic Controller. The entire process is tied
into and ultimately controlled by the main manufacturing process, thereby ensuring proper integration.
All components will fail so that the components and/
or parts will not be damaged. Thus, the process will
fail and/or stop in a safe manner.

Automated System to Create
Expert Massage Routines
Team 30: Ryan Heafy, Michael Noonan
Sponsoring Company: OSIM International Ltd.
Faculty Advisor: Professor Kazem Kazerounian
Company Consultant: Lim Boon Buan
OSIM International Ltd. Designs and produces state
of the art massage chairs to improve health and relaxation. In order for the chairs to replicate the routines of a professional masseuse, OSIM needs a system for programming and compiling expert massage
routines. A Graphical User Interface (GUI) has been
developed that can generate and compile every parameter of a massage. The GUI allows a masseuse
the ability to write a massage routine defining the
location, duration, contact type, and pressure of every motion in the routine. Also, the masseuse has the
ability to create, edit, compile and save all routines
for future reference. The GUI is designed for use
with any massage chair, and allows for the input of
any limitations that a given chair may possess. Also,
the GUI considers and is designed parametrically for
various physical conditions including sex, height,
and weight.

Transport Phenomena and Reaction Kinetics
in a Droplet Based Biochemical Reactor
Team 29: Brian Aher, Max Villa
Sponsor: Fluidics & Biotransport Phenomena
Laboratory
Faculty Advisor: Professor Tai-Hsi Fan
Research in miniaturized systems holds promise in
allowing reduction in sample size, conservation of
precious biochemical reagents and increase in response time of the system. In a droplet based system,
proper mixing and control of coalescence events are
essential. A reactor was designed using electric field
induced coalescence to precisely control this event.
Postcoalescence diffusion based transport is also
considered numerically with COMSOL Multiphysics
and in experiment using dye to track the movement
of fluid. Droplets of 2mm in diameter were created
using a precision syringe pump coupled to a micropipette and micromanipulator. In experiment electric
field induced coalescence was successfully achieved
for a droplet separation distance of 50 microns.

Dimitrios Pantazis and Matthew Struski of
OSIM Team 19 working in the shop

Fatigue Life of a Titanium Dental Implant
Team 31: Paul McCullough, Scott McQuoid
Sponsor: Dr. Denis Flanagan DDS.
Faculty Advisor: Professor Horea Ilies
The purpose of this project is to investigate and determine the fatigue life of a 2 mm titanium dental
implant. The fatigue life of these implants is of particular interest to dentists, periodontists, and their
patients. Knowledge of the fatigue life of an implant
enables the dentist to predict how long to expect the
implant to function properly. To test the fatigue life
of the implant, a fatigue testing machine was designed, built, calibrated, and used to test the fatigue
life of the implant. The machine designed is a simple
crank-slider linkage. The crank is run by a motor and
the slider is in contact with a spring. With the known
displacement of the slider and the spring constant, a
controlled cyclic load is applied to the implant, causing the implant to fail after a number of cycles. A
load cell and rotary encoder were used to record the
force and number of cycle data respectively. The implant was cyclically loaded with a maximum load of
200 N at a frequency of approximately 6 HZ. Along
with the experimental data, FEA analysis was performed on the implant geometry. This FEA model
(ABAQUS) allows for faster and much less expensive fatigue testing of the dental implant. The FEA
model also allows for the analysis of different implant
geometries. The FEA analysis provides a convenient
tool for analyzing the fatigue life of the implant in far
less time than an experimental test.

Sikorsky Team 25 burning the midnight oil.

Scott McQuoid and Paul McCullough performing a
dental implant fatigue test
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