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UVa Researchers Engineer Safety for the Football Field (wmra.org)



https://www.wmra.org/wmra-news/2015-10-19/uva-researchers-engineer-safety-for-the-football-field

Faculty Introductions
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* Gavin Garner
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* Joe Zhu

* Baoxing Xu

* Natasha Smith



Student Introductions

* Kristen Babel
e Sam Sheppard
* Joseph Abbe
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Aerospace Engineering

®m To educate undergraduate and graduate students
to apply the principles of the physical sciences,
mathematics and engineering to solve challenging
multidisciplinary problems;

m To empower the students to teach themselves new
knowledge and ideas to solve problems far beyond
the factual boundaries of their education;

m To develop socially-conscious, informed,
articulate, and transformative leaders of the
profession, academia, and society as a whole.
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WorId-CIas;ﬁEner Faculty
Rgatured at the Whigg House!



Safety for Athletes
Featured in the Super Bowl!
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Six National NASA Aircraft
Design Championships
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ME & AE Curriculum Focus
® Fluids & Thermal Transport ’
m Structures & Materials |
= Dynamics & Control

= Experimental & Computational Method
m Probability and Mathematical Analysis

m Systems Level Design
m Mechatronics (ME)

= Flight Vehicles (AE)
m Research & Development
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Sample AE and ME UG Jobs

Aeronautical Systems, Inc.

Aviation Development Directorate

Booz Allen Hamilton

CCRi (Commonwealth Computer Research, Inc.)
Deloitte

Dynetics

Lockheed Martin

National Aeronautics and Space Administration
(NASA) Naval Air Systems Command (NAVAIR)
Naval Surface Warfare Center Dahlgren Division
Norfolk Naval Shipyard

Northrop Grumman

Rolls-Royce

Southwest Research Institute

The Aerospace Corporation

The MITRE Corporation

TriMech

+++++. (MECH ENGR)

Accenture

AECOM

Anheuser-Busch

Appian Corporation

Arconic

Aurora Flight Sciences

Bechtel

Biocore

BWX Technologies, Inc.

Capital One

Capobianco Engineering Group LLP CBG
Building Company

Clark Construction Group

DPR Construction

ExxonMobil Corporation

EY

Flowserve Corporation

Framatome Inc.

General Motors

Groundswell Consulting Group

HITT Contracting, Inc.

Huntington Ingalls Industries (HII) Innovative
Lockheed Martin

Luna Innovations

MathWorks

Merck & Co., Inc. MPR Associates, Inc
Naval Air Systems Command (NAVAIR)
Naval Surface Warfare Center, Carderock
Division

Navigant

NavlLabs

Newport News Shipbuilding NextEra Energy,
Inc.

Norfolk Naval Shipyard Northrop Grumman
Northrop Grumman Corporation Oliver
Wyman

Plus many go on to graduate school at universities such as UVA, Stanford,
MIT, Georgia Tech, Princeton, Michigan, lllinois, ......
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MAE Undergraduate Reseach

Professor Haibo Dong



Mechanical Engineering Curriculum

Assoc. Professor Natasha Smith, ME Undergraduate Program Director



2nd Year

THIRD SEMESTER FOURTH SEMESTER
credits credits
APMA 2130 Ordinary Differential Eq. (4) APMA 3140 | Applied Partial Differential (3)
Eq.

MAE 2020 Intro to Mechanical Engr (2) MAE 2100 Thermodynamics (3)
MAE 2040 Computer Aided Design (2) MAE 2310 Strengths of Materials (3)
MAE 2300 Statics (3) MAE 2320 Dynamics (3)
PHYS 2415 General Physics I (3) MAE 2330 Mechanics Laboratory (2)
PHYS 2419 General Physics (1) Unrestricted Elective 1° (3)

Workshop
STS STS Elective®* (3)
2XXX/3XXX

Total (17) (17)

A
HIIIE A RGINIA



3rd Year

FIFTH SEMESTER SIXTH SEMESTER
credit credit
s s
APMA 3110 Applied Statistics & Prob | (3) MAE 3140 | Elem Heat & Mass Transfer | (3)
MAE 3210 Fluid Mechanics (3) MAE 3420 | Computational Methods (3)
MAE 3230 Thermal Fluids Laboratory | (2) MAE 3620 | Machine Elem & Fatigue (3)
MAE 3310 Aerospace Structures (3) MAE 3840 | Mechanical Engineering (2)
Lab
MAE 3710 Mechanical Systems (3) MAE 4710 | Mechatronics (4)
Unrestricted Elective 2° (3)
Total (17) (15)

- U IVERSITY
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MAE 4710 Mechatronics

Mechatronics involves the synergistic integration of Mechanical
Engineering with electronics and intelligent computer control when
designing and manufacturing industrial product and processes
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The Mechatronics Lab




The MILL




4th Year

SEVENTH SEMESTER

EIGHTH SEMESTER

credits credits
MAE 4xxx | Mechanical Engineering (3) MAE 4xxx | Mechanical Engineering Design | (3)
Design 1° 116
STS 4500 | STS and Engineering Practice (3) STS 4600 | Engineer, Ethics, Prof. Resp. (3)
Math-Science/Tech Elective 17 | (3) Math-Science/Tech Elective 37 (3)
Math-Science/Tech Elective 27 | (3) HSS Elective 3 (3)
HSS Elective 2 (3) Unrestricted Elective 3° (3)
Total (15) (15)
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EA

advised by Sarah Su

Cagsmne Design Team | Mechanical Engineering_l 2022
Upper-Limb Exoskeleton for Shoulder Joint Control
- Colton Applegate, Joseph Carley, Nazirah Farach Rojo, Isabella Nazari, Marvin Lee

n

Background and Objectives
Maore then B0% of peaple who have suffered o stroke
deal with some form of upper hmb motor mpairment
[1]. The goal of this project was 10 desizn and develop
a prototype of a soft upper-lemb exoskeleton that
assisted the shoukler joing with performing everyday
activitics. This consisted of designing and creating the
artificial muscles, the support structure to altach the
miniscles, and the ar supply and conrechion pomns,
This exoskedeton focused on achieving the sdduction-
abduetion degree of fresdom in the shoulkler point,
with hopes that the other two degrees of freedom will
be achagved m finure research,

Performance Testing

A setup as shown on the right was usad 1o find the angle
of actestion schisved by miflating the MeKibben nmiscle
to different air pressures while attached to a user

Air Pump Design

Design to comtrod ar flow from the
pump o the mescle, (1) Manaal
solemeid valve (2} One way check

~ valve o prevent air from beckirscking
to the pump {3 Marual valve that
comtrols the release speed of air from
the musscle (4) Manaal valve that
controls the inflow of air o the nusele

Shoulder Brace Design

The shoulder supponting stnschiuse is compaosed of 30
printed parts and straps that attempt te keep the
system stable during sctustion.
{1} McKibhen Artificial Muscle
(2 30 printed shoubder brace
that provides an  sttachment |
polal for the amificil miascles.
(3} Strap system that keeps the
shoubder brace from sliding oui
of place aml can be adjusted
based om the user.

(4} 3D printed muscle mount .
which guides the arfificial jel S
muiscle's expansien direction ,_.é
(5} OFf the shell arm brace that P
provides n muscle attachment

point on the upper anm

[ (6]} Input air supply for muscle

Artificial Muscle Design

The MeKibben Musche starts in o dellated state, and
when pumped with aar the muscle contracts, It anly
achieved n comraction of ~20L-30%, however, il was
casy to manafaciure and was the most reliable in use,

The: Fishing Lime Eus:! wWils g O] Prevines

rescanch that claimed a max achievable chongation of
20026 [2]- It elongates with inflatkon ralber tian
deflation, This model had o max expansion of ~60-T(%4%,
but had ssues with air leakage and mamifaciunng. fme,

Conclusions and Future Work

The shduction sdduction modeon can bz achieved
maderately m the shoulder joint with the anificial
muscles designed, The next steps would be to achieve
the ather two DOF m the showlkder and connect the
physical model to the sensor system that will read the
human's motor ntention. Using EMG amd IMU sersors
placed a1 key nuiscle points on the hunan prm, an
algorithm can be crested that converts o human
msche's electrical signals into data that can tell the
system bow o actaate the amificial muascles, Futuse
research woukll melude creating a stronger astilics]
musche to perlorm the infendied motions and ngid
contact points 1o keep the muscles in place and ensure
that the system stays intact.

as well as deprading in quality after each use.

Resulis
gathered from
a change
length tesi
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The Development of an Autonomous Driving Simulator

Anne Forrest Butler, John Grant, Chet Kleppin, Andrew Lin, Mosed Saroor, Casey Welch

Significance within Society
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Customer Needs and Target
Specifications

Customes Mesds
Less dislay in the sisering and pecial responses
The dirteer s Spdce should fesd e e mlenor of
& actual vebacks
The graphics shoukd b dleadie &5 e
SEMULEIDr mOves
Thes drreir's apsce should sl apacious whils
H1 pneiuakre al necEsaany foasees
The drtwing space should revalye ahound
BADNOMCLE BESign

I e I el [N USRS, ST MM
developed thres tangest speofications
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2} Create the cockpit using the interior of an actual
car
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Fuln the amuleionrs enclrgre

Project Design
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U rsiTy Capstone Design Team | Mechanical Engineering | May 2022
Drive-by-Wire Ford Escape

Dept. of Mechanical & Henry Goodman, Alex Pascocello, J acqb Deane, Vishal Singh,
Aerospace Engineering.  Logan Montgomery, Matt Deaton advised by Prof. Furukawa

<=7 \/IRGINIA
BN ENGINEERING

Background

Goal: Alter the motion systems of a car to be
controlled via mechatronic systems

Context: Drive-by-wire allows an automobile to be
programmed for autonomy. An autonomous personal
vehicle provides mobility to those who can’t drive,
makes traveling a passive activity, and could lead to
less road congestion and carbon emissions.

Methods

Steering: Send two voltages from a dual channel
DAC to the car’s ECU to mimic the signals from the
torque sensor in the power steering unit

Throttle: Send three voltages from 3 DACs to the
car’s ECU to mimic the signals from the three
potentiometers in the throttle pedal

Braking: Control a stepper motor to pull the brake
from behind via a pulley system

Input: Make all motion subsystems controllable via a
wireless Logitech remote

Software: The Robot Operating System drives the
operation and communication between different
Python and Arduino programs to control motion, read
the CAN bus, and configure the remote input

PID Control: Tune PID functions for the steering and
braking systems to enable smooth and prompt
positional control

® b @

Control:

l\
il
[u]

Testing & Results

Motion Model Comparison:

System Response Time:

PID Tuning Response (Brake):

=

__II * L !
w

Left: LIDAR point cloud, Right: On-road test

Conclusions
¢ More internal noise in the motion model
* Car and motion model converge at cruising speeds
* System response times superior to human response

* On-Road testing successful; car is intuitively
maneuverable

Future work: Further PID tuning, safeguards to burning
out PSU, programmed E-Stop procedure sensor fusion,
autonomy



Active Wind Turbine Blade Extension to Increase Efficiency

Jason Badu, Charles Breen, Astrid Henkle, Amanda Kassebaum, Scott Morrow, and Isaiah Woo
Senior Thesis | Mechanical Engineering | May 2022 | Advised by Michael Momot

- -
Objective

Lising an active control system, the shape of a wind
furbine blade will vary fo increase the coefficient of
performance and increase the overall wind turkbine
efficiency al different speeds. This wall allow wind

turbines to capiure more energy from lower wind

speeds and generale maore pow er overall

Approach

creating larger blades, and passively changing the

shape of the urbine blades. In this project, a wind

turbine will be designed with a fap that wall extend
and retract from the trailing edge of the hlade,

Design
The wind turbine blade models the shape
of the GE 2 75MW-120m turbine at an
angle of attack of 15 with a stepper motor,
string, and springs to retract and extend a
flexible plastic flap from the trailing edge
of the blade.

(her approaches o this problem include pitch control,

Results

Woltage v Wind Speed wvih Unalieresd Flaps

e Malleil Wil Wil i

Conclusion
Given the size constraints of the experiment,
an active system was abandoned and
different flap lengths were tested in a passive
system to theoretically test the proposed
active control system. The optimal wind
speed and flap length were found to be 9 m/s
and 1.25in, respectively. This flap length
corresponds to a 54% increase in the width of
the blade flap. The worst results were
consistently when the blade had no flap, so
increasing the blade width proved to be
successful to increasing the amount of power
generated by a wind turbine. Moving forward,
a wind turbine at a large scale with easier
access to sefting up active control in the
turbine could be explored.
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Introduction

With the effects of climate change becoming

increasingly immanent and severe, sustainable coergy
generaton s 4 crecial step to ensure & chean fisture.
Unferiunately, stationary solar panels only capiure sbout
2% of avatlable energy, These losses can be docreased
wilh a solar tracker that uhs the panel 1o follow the san's
path. A sensor based solar trackmg Syslem was
designed, wath a custom ng, microelectronacs, and PV
sef up, o compare the performance oo stationary panel

Thee results of this project are aimed 10 be applied 10 the
el OVER House at Milton Awhield, that was
previowshy buili by the UVA Architecture Schooel. There
Lare Wi Simalaneos projecls ooouiming in conjunction
“with the solar iracker, addressing the HVAL systens
':ml,l maubtisn of the howse. The ultrmate goal is o
apply these projects (o make the COVER howss an

i ii‘f—l.‘ru.hii mt—itﬁ EildhlE

To reduce costs, it was nol Teasible o safely 1est
multiple modules a1 once sccordima to the !:.11".,:!:3.'
matings of our PY equipment. To combat this, multiphs
testing perinds teok place from 11 AM - 3 PM with
one rig (either coptrol or tracking) being tested for the |
first bw howrs, ard then switching to the odher rig at

| 206k pem, aroaisd when the sun is directly above the
testing hocation, and testing 1 for tse mexl two lours:
Multiple days of testmg were averaged to reduce error,
and the first ng 10 be tested was switched as well, The
datn was collected manually of 10 min imervals,
recording the volage and current readings from the
charge controfler.

Capstone Design Team | Mechanical Engineering | April 2022
Single Axis Solar Tracker Design

Jillian Doyle, Joshua Starr, Noah Plues, Luke Anderson.
advised by Prof. Harsha K. Chelliah

Rig Design

The mg has an algmmum base with smgle axis
movement fo S45% yaw, and a feed pitch of 507 from
il horizon. A worm gear with a 130 ratio, as well as
a MEMA 23 giepper motor in full suep (34Y 28A),
wis uszd 1o mave the panel and prevent backdnving,
which connects 1o the rofor shafl. Two bearings are
used alomgside a bipod 1o keep the rotor shafl beld,

Microelectronics

Two photoresistors placed behind the panel were used
i determane if the sun was perpendicular io the panel
or i, The differences between those resdings were
used to move the stepper motor that = atached to the
wirin gear on the rig. The sysiem s comrolled with an
Arnidhaimn UNC microcontroller and a Pololuy DREVER2S
mucrosbepper drver, -

PV System

The electrical sysem consists of a
charge controlker, mverter, battery,
and a combiner 1o convent the DC
encrgy fram the panel to AC cnengy
that can be used 1o power things,
and store cxcess encrgy. Data i
read from the charge controller

The wradiance of a full,
dual-axix, solar iracker
was predicted usmg the
expecied position of ihe
zun and wradiance valses
for Virginka, shown in the
plnl bezlonw, anel compared
b the performance of a
flat soker pancl.

Shown below are the resulis from day | (lefi) and day 2
{right} of preliminary testing. The blue lines represent
the tracking panels, and the amnge me represents a [kl
stnbionary pane] {left) and angled statinary panel
{right}. Overall the tracking panch ouiperformed their
counierparts in Both cases, with an average mensased
efliciency of 18,5% (k) and 6.4% (rAght). Siece the
alatn was only oollecied around selar noon, we were
unable to replicate the projected phot shown abowve

Conclusion

First testing was successfial but replicatson &

- necessary o reach statsbically conclusive nesales,

Future work could mchide weatherproofing and
upgrading the PV system for long-term simultaneous
tedting, additional structural and wind simulathons 1w
install the nig onte the el ODVER howse, as well as
additional work with the HYAC team (o ensure the
panchs could power that system,



Capstone Design Team | Mechanical Engineering | May 2022

Crestienne DeChaine, Sean Donley, Emily Gresnick, Noah "8 .
Klipp, Georgia White advised by Prof. Baoxing Xu

Skin-Like Temperature Sensor

Background & Objective

Skin-like sensors are thin and
unobtrusive sensors, In medical
applications, they adhere directly to
the skin to collect data, and in
robotics, they can be used to
replicate human characteristics. The
objective of this project was 1o
design a temperature sensor for
medical monitoring via direct
adhesion to patients’ skin.

GFRD ve | for Lomer Lol S

Design Strategy & Working Principle

To accurately measure the temperature of the 7
in, the sensor must be flexible, exhibiting an

elastic modulus similar o that nf'_bmi-uglq:a_ skin - .

to maintain adhesion during physical activity.

AR/R,=aT

Since temperature changes affect the resistance of e .
glectronic components, the temperature of the
skin can be an;ﬁ[gngl via the equation above. The
temperature coelficient of resistance, % wils
calculated from experimental plots of AR/R; vs T.
The resulting data can be used to make inferences
about various health parameters.

Lo Sl ot

Figure 5. Plot of AR/RO vs T with a trendline
and o value.

Methods & Materials

To achieve fexibility,
polydimethylsiloxane (PDMS) was
used o form a substrate for the
sensor, and carbon nanotubes
(CHNTs) were used to fill channels
within the substrate to form flexible
conducting clements, PDMS
substrates were produced both with
3D printed molds and laser-cutting
processes, Figure | an image
of a CAD model for a mold, and

Fi 2 shows a laser-cul sample
with filled channels.

Other sensors, such as and
strain sensors, can be fabricated
with similar techniques,

Figure 2. Laser-cut Substrate with Filled
CNT Channels,

Figure 4. Bemt
subsirate.

Figure 3. 5EM Image
of o Filled Chanmel,

Figure 1, 30 Model of
Subsirate Maold.







Sam Sheppard

About Me:

4th Year Mechanical Engineer
- Engineering Business Minor

- Member of Pi Tau Sigma (Mech-E Honors Society)

- Member of Tau Beta Pi (Engineering Honors Society)

- Lab Assistant in the UVA Rapid Prototyping Lab

- 2 Summers interning at Johns Hopkins University Applied Physical Laboratory in
Laurel, MD working in Research and Development

- Technical Interests: Computer Aided Design, 3D Printing, Laser Cutting,
Mechatronics, Finite Element Analysis

- Hobbies: Baseball, Basketball, Golf, Fishing, UVA Sports

Contact Information: sms8hny@yvirginia.edu



Kristen Babel
About Me:

e 4th Year Mechanical Engineer
o Material Science Engineering Minor
e President of Pi Tau Sigma (Mech-E Honor Society)
e Internship Experience:
o GE Aviation — Manufacturing Engineer
o HSBC — Markets & Securities Services Intern (Let me know if
you have questions about a finance path!)
e Research Assistant my third year with the Link Lab
Favorite ME Class: Mechatronics
e Other stuff about me:
o Member of a sorority (Zeta Tau Alpha), | foster a dog, club
swimming, lifeguarding, IM volleyball

Contact Information: kb6eg@virginia.edu
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Joseph Abbe

About Me:

- 4th Year Mechanical Engineer
- Materials Science Minor
- Member of Pi Tau Sigma (Mech-E Honors Society)
- SMART Scholarship Scholar -
- Interned/Will work at Marine Corps Systems Command
- Favorite Class: Advanced Mechatronics
- Clubs: Rock Climbing Team, Officer in the Outdoors Club at UVA
- Hobbies: Hiking/Backpacking, Rock Climbing, Mountaineering
- Fun Fact: | make my own bread and kombucha

Contact Information: jcabcu@yvirginia.edu



MAE Summer UG research program

v' The MAE department offers 8-10 weeks Summer
Undergraduate Research Program (SURP) experience
for undergraduates wanting to build their skills as
young researchers.

v" As a summer research assistant, you will be
immersed in research opportunities. You’ll gain
valuable experience in the lab and work closely with
your mentor on a research project designed

specifically for summer students.



MAE Summer UG research program

Examples of research topics from Summer 22
v Applied biomechanics
v' Autonomous drones
v"Human Robot Collaboration for Assembly Work
v’ Bio-inspired design and flow physics
v Scramjet design for highly maneuverable hypersonic
vehicles
v Thermal imaging and image processing
v’ Design and modeling of a Tesla turbine
v'Wearable Textile Systems for Health Monitoring and

Human-Robot Interaction



Center for Engineering Career Development

Find us in Thornton Hall, A-Wing
engineering.virginia.edu/careers

Advising appointments with a knowledgeable career advisor (schedule using Handshake)
Resume/cover letter reviews| Career exploration |Deciding on a major |Networking (Alumni &
Employers)| Interview prep| |Job/Internship Search Strategies | Career Design | LinkedIn profile
review | Grad school application planning | Evaluating and negotiating offers

Drop-in Advising (Thornton A114, A115, A116)
Mondays and Thursdays (1:30-3pm) | Tuesdays and Wednesdays (10-11:30am)
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https://engineering.virginia.edu/careers

Where have ME majors spent their summers?

Sample internships from student survey

responses. This is not an exhaustive list. Icarus Medical Innovations
John Deere

2RW Pratt & Whitney

Apex Clean Energy Raytheon

Arup Rolls-Royce

BlackLynx SF Moto

Boston Scientific ST Engineering

BWXT Stryker

Center for Applied Biomechanics Volvo Penta

DPR Construction Various research labs at UVA

GE Aviation

Hourigan
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15t post-graduation jobs of UVA ME students

Sample employers from student survey
responses. This is not an exhaustive list.

Accenture

Additive Rocket Corporation
BMW Manufacturing

Booz Allen Hamilton

Boeing

CPP Wind Engineering

GE

General Dynamics, Electric Boat
General Motors

German Aerospace Center

IBM

Lockheed Martin
Luna Innovations
NASA

NAVAIR

Pratt & Whitney
Raytheon
Rolls-Royce
Skyways Air Transportation
SpaceX

srcLogic

Tesla
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Contact:

Natasha Smith
Associate Professor and ME Undergraduate Director
nLsmith@yvirginia.edu

Jamia Tate
MAE Undergraduate Coordinator
[It4uy@yvirginia.edu

Kristin Babel
4" Year Mech, Pi Tau Sigma President
kb6eg@yvirginia.edu



mailto:nLsmith@virginia.edu
mailto:kb6eg@virginia.edu
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