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Ware Lab Annual
Report for 2024-25

Introduction

This yearly report presents lab demographics, competition results, team budgets,
sponsorship, and team posters for the 2024-25 academic year. Demographic data is taken from
a survey that all students working in the Ware Lab must complete prior to receiving a lab badge.
Team competition, budget, sponsorship data and posters are submitted to the lab manager by
each team in order to receive a yearly stipend. Any questions or comments about the contents
of this report should be directed to the Ware Lab manager, Dewey Spangler, at
spangler@vt.edu.
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Ware Lab Demographics

Overall Survey Statistics:

Joseph F. Ware, Jr. Advanced
Engineering Lab

Viewed

3035

Started

935

Completed

935

Completion
Rate

100%

Drop Outs (After Average Time to Complete
Starting) Survey
0 7 minutes

Ware Lab Gender:

F00 4
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|. 1.Male B2 Female M 3. Mon-binary W 4. Other [l 5. Do not wish to answer. |

OB N=

Answer \ Count | Percent

Male 726 79.43%

Female 174 19.04%
Non-binary 4 0.44%
Other 1 0.11%
Do not wish to answer. 9 0.98%
Total 914 100%
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Ware Lab Ethnicity:

600 |
550
500
450
400
350
300 -
250
200 -
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100 -
50 -

|.1.White- W 2 Asian M 3. African American B 4. Hispanic I 5. Dtherl

|Answer \Count |Percent
1. White 586 58.72%
2. Asian 261 26.15%
3. African American 35 3.51%
4. Hispanic 93 9.32%
5. Other 23 2.30%

Total 998 100%
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How did you learn about Ware Lab?

450 -

400 -
350 -
300 -
250 -
200 -
150 -
100 -
50
0 -
BASE
| M 1. WordofMouth B 2. Lab Tour B 3. CEED OShow M 4. Gobblerfest M 5. Team Info Session M 6. Other |
| Answer \ Count | Percent
1. Word-of-Mouth 271 20.36%
2. Lab Tour 128 9.62%
3. CEED O'Show 129 9.69%
4. Gobblerfest 238 17.88%
5. Team Info Session 455 34.18%
6. Other 110 8.26%
Total 1331 100%
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Academic Major:

400 -
350 -
300 -
250 1
200 1
150

100

50 -
BASE

B 1. Aerospace and Ocean Engineering I 2. Biomedical Engineering and Mechanics Bl 3. Business
B 4 Civil and Enwvironmental Engineering M 5. Communications [l 6. Computer Science

7. Construction Enginesring and Management [ 8. Electrical and Computer Enginesring

9. Enginesring Education (general enginesring) M 10, Industrial Systems Engineering 11. Materials Science Engineering
B 12. Mechanical Engineering 13. Mining and Minerals Enginegring 14. Physics 15. Other

\ | Answer | Count | Percent
1. Aerospace and Ocean Engineering 112 11.78%
2. Biomedical Engineering and Mechanics 5 0.53%
3. Business 14 1.47%
4, Civil and Environmental Engineering 60 6.31%
5. Communications 3 0.32%
6. Computer Science 44 4.63%
7. Construction Engineering and Management 7 0.74%
8. Electrical and Computer Engineering 131 13.77%
9. Engineering Education (general engineering) 70 7.36%
10. Industrial Systems Engineering 20 2.10%
11. Materials Science Engineering 11 1.16%
12. Mechanical Engineering 419 44.06%
13. Mining and Minerals Engineering 1 0.11%
14. Physics 6 0.63%
15. Other 48 5.05%

Total 951 100%
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Academic Level:

Joseph F. Ware, Jr. Advanced

Engineering Lab

350 4|
300
250 -
200 -
150 -

100 -

(=]

5 4

(=]

|. 1. Freshman @ 2. Sophomore [ 3. Junior 8 4. Senior @ 5. Grad Student |

O RN =

Answer
Freshman
Sophomore
Junior
Senior
Grad Student
Total

\ Count

340
243
229
97
15
924

| Percent
36.80%
26.30%
24.78%
10.50%
1.62%
100%
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Academic Credit:

G001

500 1

400 1

300 -

200 4

100 -

700

BASE

M 1. Senior Design Credit @ 2. Volunteer (no academic credit) @ 3. Independent Study @ 4. Undergraduate Ressarch
B 5. Other

\ Answer \ Count | Percent
1. Senior Design Credit 59 6.05%
2. Volunteer (no academic credit) 674 69.13%
3. Independent Study 86 8.82%
4. Undergraduate Research 33 3.38%
5. Other 123 12.62%
Total 975 100%
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Joseph F. Ware, Jr. Advanced
Engineering Lab

Ware Lab Team:

225 4
200 -
175 1
150 1
125 ¢
100 -
751
a0 4

257 3.38%

BASE

W 1. Astrobotics WM 2. Baja SAE M 3. Battery Operated Land Transport (BOLT) M 4. Concrete Cance I 5. Design Build Fly
B & Formula SAE B 7. Human Powered Sub B 8. Hokie Electric Vehicle Team 9. SailBOT M 10, Steel Bridge

| Answer \ Count | Percent
1. Astrobotics 92 9.73%
2. Baja SAE 169 17.86%
3. Battery Operated Land Transport (BOLT) 100 10.57%
4. Concrete Canoe 12 1.27%
5. Design Build Fly 96 10.15%
6. Formula SAE 237 25.05%
7. Human Powered Sub 63 6.66%
8. Hokie Electric Vehicle Team 86 9.09%
9. SailBOT 32 3.38%
10. Steel Bridge 59 6.24%
Total 946 100%
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Team Competition Results

Joseph F. Ware, Jr. Advanced

Engineering Lab

Team

Competition

Location

Ranking

Astrobotics

NASA Lunabotics

Merritt Island, Florida

11th overall
out of 58
teams, 1st
Project
Management,
5th Systems
Engineering,
16" Robotic
Operation.

Baja SAE

Baja SAE Williamsport

Williamsport, Pennsylvania

3 overall

out of 107

teams, 1st

Endurance,
1st Hill Climb

Baja SAE

Baja SAE Michigan

Holly, Michigan

3 overall
out of 86
teams, 2nd
Endurance,
1St
Suspension

Concrete Canoe

ASCE Virginias Student
Symposium

Blacksburg, Virginia

1st overall
out of 6
teams, 1stin
Prototype, 1t
in Technical
Paper, 2 in
Races, 3in
Presentation

Concrete Canoe

ASCE National Student
Symposium

Provo, Utah

4 overall
out of 25
teams, 2" in
Prototype,
2ndin
Technical
Paper

DBF

AIAA 2023-24 Design Build Fly
Competition

Wichita, Kansas

4t gverall
out of 107
teams, 3™
place report.
This marks
the teams’
3dtop 5
finish in a
row.

Formula SAE

Formula SAE IC Michigan

Brooklyn, Michigan

315t overall
out of 119

teams, 10t
in Design
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13t overall

Formula SAE

Formula SAE EV Michigan

Brooklyn, Michigan

out of 79
teams, 10t
in
Acceleration
and
Endurance
1st overall

Formula SAE

Michelin Formula Shootout

Laurens, South Carolina

out of 6
teams inIC
and EV
categories
5th overall

Human Powered
Sub

17t National Submarine Races

Bethesda, Maryland

out of 18
teams
11th overall

Hybrid Electric
Vehicle Team

EcoCAR EV Challenge

Yuma, Arizona

out of 13
teams
5t overall

SailBOT

Promoting Electric Propulsion -
PEP

Virginia Beach, Virginia

out of 33
teams,
unmanned
category
5t overall

SailBOT

International Robotic Sailing
Regatta

Amesbury, Massachusetts

out of 9
teams, 2 in
fleet race, 3
in endurance,

2ndin
presentation
1st overall

Steel Bridge

AISC Student Steel bridge
Regional Competition — Virginias
Region

Blacksburg, Virginia

out of 7
teams
7t overall

Steel Bridge

AISC Student Steel Bridge
Competition National Finals

Reston, Louisiana

out of 47
teams, 1stin

Aesthetics
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Team Budgets

Joseph F. Ware, Jr. Advanced
Engineering Lab

Team Corporate | Private V!Fgér#a Total Expenditures Net
Astrobotics $17,995 $0 $17,069 $35,064 $23,500 $11,564
Baja SAE $28,000 $300 $9,969 $34,296 $16,950 $17,319
BOLT $15,000 $2,000 $11,784 $28,784 $35,000 -$6,216
Concrete Canoe (CCT) $600 $0 $7,700 $8,300 $21,500 -$13,200
Design Build Fly (DBF) $14,500 $0 $15,200 $29,700 $24,500 $5,200
Formula SAE (FSAE) $15,000 | $18,200 $1,600 $34,800 $32,970 $1,829
Human (F|’_|°F‘j"se)red e $11,605 | $950 | $13,295 | $25,851 $24,512 $1,338
Hybrid Electric Vehicle
Team (HEVT) $159,625 $0 $1,200 $160,825 $27,000 $133,825
SailBOT $550 $2,000 $10,000 $12,550 $10,700 $1,850
Steel Bridge (SBT) $4,250 $0 $21,862 $26,112 $1,976 $24,137
Total $267,125 | $23,450 $109,679 $396,282 $218,608 $177,646
Virginia Tech Department, Corporate, and SEC Support
Astrobotics Baja BOLT CCT DBF FSAE HPS HEVT SailBOT SBT Total
Lockheed
Martin $10,000 $5,000 $10,000 $25,000
General
Motors $10,000 | $10,000 $10,000 $109,625 $139,625
BASF $300 $300
Carter
Machinery $5,000 $5,000
Dell $6,000 $6,000
Sherwood
SCUBA $5,605 $5,605
Total Boat $350 $350
AVL $50,000 $50,000
Nucor Steel $3,000 $3,000
Southland
Machine $1,250 $1,250
Tool
VT CEE
Department $14,250 | $14,250
SEC $11,069 $9,969 $7,384 | $3,000 | $5,700 $0 $9,697 $0 $6,500 $7,062 $60,381
Total $21,069 $19,969 | $22,384 | $3,300 | $15,700 | $15,000 | $21,302 | $159,625 | $6,850 $25,562
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Ware Lab Team Posters

Joseph F. Ware, Jr. Advanced
Engineering Lab

nstrot)otics

at Virginia Tech

COLLEGE OF ENGINEERIN G

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND DCEAN ENGINEERING
VIRGINIA TECH

Faculty Advisor: Kevin Shinpaugh
Members: Bratt Atwood, Maxwell Aulino, Dasia Beckham, Will Bonner, Anthony Del Coro, Charles Early, Thomas Giattine, Grantham Gladden, Gobra]
Hanna, Ryan Jeronimus, Angela Jiang, Ethan Joseph, Caroline Larsen, Jack Leland, Michael Liang, Henry Mazaika, Sierra Pasenal, Tarini Reddipalli, Benjami

Ritz, Hosea Rivera, Swara Shinde, Charles Smith, Christopher Valentin, Colin, Cameron Williams, Maddi Williams, and Hayley Wisman

|==C]

AT VIRGINIA TECH"

) § vamemm
LOCKHEED MARTIN SPACE GRANT
STUDENT ENGINEERS’ COUNCIL (’B m“q ersoll Rand . CONSORTIUM BLUE ORIGIN

V4

Executive Summary PHOENIX CAD Model and End Result

Astrobotics at Virginia Tech is a team of university sudents
focusing on the annual NASA Lunabetics competition. This
competidon changes vear to year, challenging teams to
undergo the entire design cycle for their system in just one
year, [n the 2023-2024 competition, teams were tasked with
building a robot to construct regolith-based berms (piles of
moon dust). Though the robot isn't 100% space-ready, for
emample not using radiation-hardened electronics, the
concepts employed must be realistic for an off-world mission
50 NASA can pursue ideas demonsated by a Lunabotics
team. Teams demonstrate competence in every aspect of the
project life cycle, including project management and systems
engimeering a5 well a3 mechanical, electrical, and software
engineering, Additionally, teams distill their work in brief
presentations and reports to NASA, which then seleets the top
50 teams nationwide to compete at the on-site challenge at
the University of Central Florida (UCF) in May. The top 10
teams from UCF immediately proceed to compete at the
Hermedy Space Center!

Revised Budgst Following COR

Damani  dmou  CumsiDpersss  Miasies

The drive,/chassis system is the foundational smracture of the
robot, This system is designed as a robust and adaptable
platform that supports &l other subsystems and provides
mohility. The chassis s made of aluminum to withstand the
harsh lunar environment and the weight of the collected
regolith. When moving, the motors provide the necessary
torque to the wheals, allowing the robot to traverse slopes,
craters, and rocky areas, The drive/chassis system can carry a
total weight of up to 160 kg, including the robot’s own weight,
the weight of the onboard systems, and the collected regolith,
It can navigate at a speed of up to 1 m/'5, allowing the robot to
travel efficiently across the environment.

Software System

The software system coordinates control of the various
robotic subsystems for communication, actuation, and
ngation. All of the code running on the rabat is written in

— P nan|
Fiactical S tactoria s 53,198 77 Clncircal Pl B2
Sofwar Jyemr otears 00000 11606 Sotwars Fral 0N
I el B L e e
Lusr actining. b TSN
T e E T T
[Total TN HITIIT R
Scoring Projections

Table & L7 Smrug Iroean:
UCF [15-minuts compatition nunj
Pewmar  TmSghy  Tmthgn  DmipRais Dugn
Thacretical

C+# for it versatility and speed. It uses & wifl connection to
facilitate communication between the mission control
station and the robot in addition to low-level protocols to
distribute computing tasks to the different processing units
on the robot, The software system also automates some
aspects of the robot's funetionality, such as the digging and
dumping actuation.

Electrical System

The electrical system supplies power and control signals to all
components for sensing, armation, and movement, Two
parallel 143V LiPo batteries supply power to the drive
motors, linear acmators, and bucket moters. They alsa power
an isolated 5V line, which powers all microcontrollers in the
robot. 4 CAN bus and UART lines carry high-level control
signals from the central Jetson Nano MCU to auxiliary Arduino
MCUs, which send low-level control signals to motors and
read sensor data, FWH signals are sent to the drive motor
electronic speed to control motor speed.

g X PN e nd Chae S

ISl
o

TH

alla =&

P4 St e

]

R

1 Determine initial orientation and locate the excavation
Zong,

2, Pathfind to the mining area, avoiding rocks and craters,

3. Begin mining topsoll undl the dig bucket is filed
(measuring bout 350 N of force).

4, If the onboard dump bucket is not filled, deposit material in
the onboard dump bucket and repeat Steps 3-4, Otherwise,
proceed to Step 5,

5. Locate the construction area and pathfind to it.

6, Depasit the dig bucket's regolith in the construction area.

7. Repeat the previous steps untl less than 45 seconds
remain.

B, Locate the construction area and pathfind to it.

9, Depasit all collected regolith (diz and dump buckets) in the
construction area,

Dig System

The dig system is the primary point scoring system on the
robot. This system is designed as a front-end loader with the
ability to dig, dump forward onto the berm, and dump
‘backwards ino the dump system. To achieve this, the system
uses two linear artuators attached to a linkage made of
rectangular aluminum tubing and a bucket which can rotate a
full 360 degrees with the use of motors attached to each side
of the bucket. The system can lift 20 kg of regolith per scoop,
and fully fill the dump bucketin 4 scoops of material

The dump system acts as 3 counterweight to the dig system
and adds mass to the robot to increase traction when filled.
The dump system can hold 0286 m*3 (43kg) of regolith.
With the dump filled the maximum cycle load increases 1.5
times and the towing force increases 1.5 times,

g LA Ml of PN Do g Sana
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About VT Baja

P> What is Baja

Our team's mission is to design and
construct a single seat off-road
vehicle to meet rules set forth by the
Society of Automotive Engineers,
These vehicles then get put to the
test at competition all across the USs.
Here they will be jJudged on design, 2 : — z
durability, and overall perfarmance. e

J> Our Team's
P> About the Team Accomplishments

Everyone on the Baja team here, at Ohio 2023

» Srol Overall

# Ist Overall Dynamics
= 2nd Suspension

= Ard Maneuverability

Virginia Tech, has a special set of
skills that they contribute to owur
success. Our team of 96 members

stretches across 8 different majors « Srd Pilat Pull
and has one of the highest fermale to + Lih Endurance
male ratios in the competition. This Oregon 2023
makes our aroup extremely diverse = 2nd Hill Climmib
and able to view design challenges + ath Acceleration

= 13th Overall

Michigan 2023 (Unofficial Winter Event):
= =zt Slalom Race
« st HIll Climb
« ?nd Endurance

from many different angles.

Tennessee 2022:
« 5th Place Cerall
¢ 4lh place Endurance
® |51 F!l-F.I-f'.E- Suspension and Traction

Jo e T:-'d\-—-‘-) )
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Joseph F. Ware, Jr. Advanced
Engineering Lab

Competition:
AHRMA Formula Lightning Varsity Challenge

Key Sponsors:
Altium Designer, Roancke Valley Harley Davidson.,

CSM, General Motors, Vector

BOLT Electric Motorcycle

2023-2024 Interdisciplinary Capstone

V7 Y
yi774

‘ Senior Design Members: Colton Tshudy, Kyle Green, Daniyal Bharmal, George Mantakounis

Faculty Advisors: Dr. R.L. Clark Jr., Dr. Arthur Ball

Liaison: Thad Petty |

BOLT designs. builds, and races electric motorcycles. The
igoal of this year's project is to develop the next-generation
electric road racing motorcycle that will compete in the
AHRMA Formula Lightning Division against other college
teams on June 21%, at New Jersey Motorsports Park.

This year, we focuzed on validation, testing, and making
changes to increase operational refiability.

¥ Tested and fixed all 47 battery modules

# Re-structured the controls system

# Added fairings and frame shiders

# Re-designed mechanical power transmission system.

- Reliable pawer + Maimize mean time
transmission to rear wheel between failure
+ Competitive Lean Angle + Relible hike for future
- Power output an par with years use
comparable gas bikes + Minimize sssembly &
dizassembly time:

Val

Results

The electrical and mechanical systems of the bike were validated
during full power dynamometer testing on March 18th.

Target Validated
Pack Voltage differentil | g5y +/-0005V
Battery Pack Capadity 214h 2248h
Battery pack cumrent 2254 2504
Peak Torque Output 450Nm 451 Nm
Peak Power Output 143 KW 145 kW
Top Spead 180 MPH 130 MPH
Battery Pack Temperature <B0C 25

= Team's first custom nase, side, and tank fziring

= Nose directs air around rider to reduce rider induced drag
= Sides integrate with nose to direct air around the bike

> Tank provides structure for rider to grip

= Increases top speed and power at rear wheel

= Increases RPM range of pesk power output
= Reduces torque for better rideability

|- = Mew pack structure,

cable management, and
i e tamparaturs senzors
= Ensure the protection of the bike's = :dm:c?vtﬁrn;?n:n
. R e
= Reinforced with aluminum inserts
= Pozitioned at top and battom of battery > Reduced assembly
structure complexity

= Diesigned with 16/32 fillet root, 21
tooth involute spline

= Machined from 4140 Steel and
Case Hardened

= Optimized for safety and durability
- Gafaty factor of 5.6 validated
using Fl

ontrols System Overhaul

- Lass of power to motor - Maintains power to critical
controller if the systems if microcontroller
microcontroller fails fails —
« Unprotected /0 inputs - Added microcontroller /O
and outputs protections
* Low headroom for high * Removed vestigial headers
current accessories - Added support for CAN-FD
« Urder-rated companents - Added suapert for future
for desired current features and sensors

New Control System

Battery Module Re-design

= Low battery voltages
detected during Dyno
testing

= Disassembled all 47
maodules and inspected
214,230 wire bonds

3= 211 broken bonds

= Unit tested new cell connection method
= Soldered copper tabs to aluminum 1100

== Strength tested to 10 pounds reduced
resiztance by % compared to wire bonds

= 30 printed pack structure
o reduce production time

= Completed all 47 modules
in 3 weeks

= Serialized each module

= Test bench draws 250 Amps
for 3 seconds

> Validated voltage drop of 0.6V

to 0.63V per each module

= Caught manufacturing issues

before installation

Future Considerations

# Prioritize design for manufacturing and tolerance for aszembly
# Investigate recent developments in battery technology

# Continue to unit test concepts before largs scale
implementation
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2023-2024 Competition Results
= Placed 1% Overall at the Regional
Competition
* 1%tin Final Prototype
* 1% in Technical Paper
+ 2"9in Races
= Placed 4" Qverall at the Regional
Competition
+ 2"¥jn Final Prototype
» 2"in Technical Paper

About the 2024-2025 Team and Canoe

Team:

« Over 30 new members

* New leadership structure

» Overhauled design process

Canoe:

+ Utilizes Similar V-shape hull design as the 2024
canoe

» |s 3/8” which is 25% thinner than the 2024 Canoe

+ Two toned concrete

AT VIRGINIA TECH
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Design Build Fly at Virginia Tech

Subteams a a : —47
o A y N e LOCKHEED MIIBT’NY""

Aerodynamics 4 , : R A WY/
+ Designs wing configuration § : A L 7 &ELECTRA.AERO -
+ Analyze and sets aircraft parameters N g v i [ ! \

PR b AV N ] comPosiTE NS
Stability & Control : 4 \ Envisions

+ Designs aircraft tail and control systems > e A 4 :
+ Determines fight characteristics E B g/ w B ) ‘ g ggléld&TBlléE IEEEI
Electronics & Propulsion LA V)~

+ Desigrs propulson systes 2024 competition team ,
+ Optimizes propulsion configuration for P 2023 Plane

SUIREI R Welcome to DBF! Our team works 4th Place

Systems together throughout the
* Designs fuselage schoolyear to design, build, and
test a fixed-wing RC aircraft in
preparation for competition in
Structures

+ Contributes to aircraft model design Ap”l' We are open to any and all

+ Analyzes structuralintegrity of spar interested students.
and boom and their materials

» Manages and leads composite usage Visit the Ware Lab informational page to find links to

CAD the proper EHS training to get Ware Lab certified!
+ Contributes to aircraft model design
+ Analyzes structural integrity of the wing 2024 plane, “The Hokie Express” 4th worldwide
and its materials ‘ i y

i N |} CULLEGE Ur ENGINEERING
A ) ), 1 ¥ | JOSEPHF. WARE JR.
Manufacturing T T, y ADVANCED ENGINEERING LAB
+ Constructs and maintains aircraft — ‘ — & VIRGINIA TECH

+ Consults with design team to ensure

cturabil : ' COLLEGE OF ENGINEERING
manufacturability ' > KEVINT. CROFTON DEPARTMENT OF
e = AERES;AGET%UEEANENGINEERING
VIRGINIA

+ Designs and implements all mission-
specific ircraft components

2022 Plane
5th Place
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Team Bl VIRGINIA TECH MOTORSPORTS

Team Members

Fu rm u I H SﬂE‘l E .. . o . kil i Hal E !l\"lh Schallon, H Warl

Bulls, Tims yolinski, ] s hougall, Sahil Fatel

Theet parpess af Mee Fovorale TAE conpetiiion i fins shdenl atsaibers b oaiodbed, deskan, fahrioae, and

e il sl frmaki-ainle face cars The searorisns e e oo s anl cigine are it do piar -]
' feulge, creativity, aund fasagt Al the sadeare wee chatergeal Tihe oo ane Baill wlh a scam Sforr i .

ares & groviaed o shend oa pear and are olan b e comaannion e Skl anl oo mid MO TENT ST
iRty | 20 atker wolicles fra colleges and anframiVes thraig s e menld = =

Chasmis Engise
Tt ginel o s o was b reshoce the weigh of “Thae i ivrncrds of (he crggine padkags win that i
1 i

Team Goals
=Top 5 Finish a1 Competiton
125 Miles of On-Car Testing
=Rolling Chassis by early Spring Semester
Customer Meeds
Rules i'_'l'-mrlli:mt ang Pass Techmcal |:I15i|‘»",!l.:ti-:u'l
,',,,,,,m_”.,m._,m *Diviver and Team Safety

“The s used was CF D esting sFinish All Events
and dyramerscicr keiing far the wt

+The: packing: procks weighed 63 Ib,

P A 002 T nl,tSi'gﬂ.‘j and :"lﬂﬂlfﬁis

s bl

wwegne wilh o wchdod 4110 skl
rewr busket. The carbon [iser wsed wes bigh adubs
un-dirctionsd prop 8 alaminan

haps

sifince

*The mial we
virma bued

Snpmsen
“Thee goal o the sasperniss was lightaeight vt

robvast, this b it requirersants af & camperant

Twctie oof sty of greater than 1.7 ind defiemation
af less thesn U301 57

*[sign chiices are & front push ol woperaio

w o (he shocks aad prevent the

front wing from Botioning

il Far sty

Area FlansiM Hub FEA

i w bich e §
tha 4130 wekdad
-farce members with
il 3 seering linkg
v for driver ergos:
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txctor of salaty arel deformation, aed Dyrreerm
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s e of
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Kirerudics were wsod

Tire Temperature masl Pressen

Agderation: The car accelenides T
Aulneras: e lap shrssion o a tight, ho

skop oner a 1
ng bascd coune. The roulling Smes derrmiee fbe srting
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Hybrid Electric Vehicle Team (HEVT) at Virginia Tech

HEVT Competes in the EcoCAR EV Challenge, the most recent Advanced Vehicle Technology
Competition (AVTC) sponsored by The U.S. Department of Energy, MathWorks, and General
Motors. HEVT has been competing in AVTC’s since 1992 and has a rich history of high performing
teams. In the EcoCAR EV Challenge, 15 schools making up 13 teams compete to redesign the
electric powertrain, propulsion systems, and autonomous features of a 2023 Cadilliac Lyrig to
meet energy efficiency goals

& A /& O 7

HEVT currently consists of 77 members over 6 different sub-teams. In Y3 of the 4-year ECoCAR EV
Challenge, the team is looking forward to finishing design integrations and testing the vehicle out
and around the Blacksburg area. For more information contact us at hevt@vt.edu!
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FUVAN PCIVERED SUBHARINE
AT VIRGINIA TECH

Fig. 1. The team poses wih Kaikan by the Fitons al Visginia Tech {December 2023)

International Submarine Races

We compete in the International Submarine Races (ISR) hosted by the Foundation
for Underwster Research and Education (FURE). The event is held biennially at
the Naval Surface Warfare Center in Bethesda, MD. The challenge of designi
building, and racing & human-powered submerine is intended to spark interest in
ocean and marine engineering fields and to provide educational opportunities for
science and engineering students in all fields around the world. Submarines are
judged sccording to top speed, innovation, best use of composites, and overall
performance, while teams are judged on spirit, efficiency. and final design reports.
As the nsme would suggest. the race is host to many foreign teams, with
competitors from the United States, Canads, Poland, the UK, and more.

\4l

Please check out our
website or find us on
Instagram @vthps.

If you have the time, come
downstairs to the submarine
bay during a Ware Lab tour,
or feel free to email us at
hps@vtedu with questions.

QA = {
Fig. 2. Submannes race ane @t @ tme In the tow tank @t ura:la; Naa

Surkace Viartare Cenler, The fank s S8.de ioog and # WEYWiler from
Ihe Folomac Rver. Spectatars watch from the sdeines, where thre & a Iwe
video feed of the underwater race.

Mission

Human Powered Submarine at Virginia Tech is an undergraduste design-build team

that designs, builds, and tests & fully flooded human-powered submersible vehicle to

race in the Internationsl Submerine Races. The tesm aims to foster meaningful
peri for young engi ; iglly ones in which they can develop an intuition

for resl-world engineering. Tesm members also leam valusble soft skills while

promoting STEM to the university and ity through outreach

Design

Qur tesm is curenty working on
manufacturing Exlienni, which will be raced st
the 18th International Submarine Races in June
2025. Human Powered Submarine has four
subteams: hydrod! controls,
and electromcs. Hydrodynamics designs and
manufactures the hull and propelior based on
flow simulations; they also creste windows, &
hvdroscoop, and hatches for the submarine.
Controls creates & manusl control system and
an electronic control system &s well as desngn
the dead: switch. Struch

the pilot rig, sternolste, padal mount, drivetrain,
tailcone, and hstches. The electronics subtesm
is creating a navigation system for the electronic
controls and puts safety lights in the
submarine. This year's senior design project

involves the electronic control system and the P& 3. Team members glung i a 20 pnled i i
drivetrain. prepare Exteneds oonlrol sufaces for a pool tesing

Diver Support and Safety {epra 2B

Safety is important to consider, and this shows in the design. Compefition requirements
dictate that there must be sufficient air for 1.5 times that required for a standard run, 8
secondary air supply, a desd-men switch that triggers a buoy, and both internsl and
external hatch relesses. A significant amount of time is spent each design cycle
determining how to improve reliability of these systems, because when it comes to
safety, "good enough” is never encugh.

Team Breakdown

Last yesr, Human Powered Submarine
completed its first year as an interdisciplinary
senior design team; however, all scademic
levels and te majors are wel
even those not in the college of engineering. As
demonstrated in Fig. 4, the team currently
consists of members majoring in ten different
engineering fiekds. Of our 58 bers, 20%
are female, and 28% are freshman.

Flg. 4.1 p by Magor a6 of December 204

Commendations

HPS would like to extend a special thanks to
Dr. Robert Stone, Dewey Spangler, Phillip
Rateliff, our sponsors, alumni, members, and
their families, whose support and guidance
meke our project possible.

Fig. 6. Kraken was showcased 10 the foo donees from
the Calege of Enginenring durng the Engneerng
Inskders event.

Our Sponsors

NORTHROP
GRUMMAN

STUDENT ENGINEERS' COUNCIL
@ VirginiaTech
College of Engineering
Joseph F. Ware, Jr. Advanced Engineering Lab

SHERWOOD
SCUBA.

,/

@ SHEARWATER

FINCANTIER!

MARINE GROUP

L’m Ingersoll Rand.

@ Kodiak Cutting Tools
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SAILBOT AT VIRGINIA TECH

What is SailBot?
SailBot is an engineering-based design team open to all
academic years and skill levels, with the goal of
designing. bullding, and completing an up-to-meter
remote control and autonomous sallboat. The team
competes in the Promoting Electric Propulsion (PEP)
Competition in the unmanned division, where
universities design and race electric-powered boats.

At Virginia Tech, all majors and skill levels are welcome
to help in every part of the process. All team members
are volunteers, participating for the experience and the
fun of it

Sailbot allows for real-world application of classroom
learning along with the development of interpersonal
skills, time and finance management, and public
speaking.
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Subteams
Electrical: Responsible for boat and shore hardware and
communication, and implementation

Mechanical: Responsible for the design and

=~ manufacturing of the moving systems and appendages

Naval Architecture: Responsible for the overall design
of the boat and construction structural elements

Propulsion/Sail: Responsible for sail design and
fabrication

Public Relatfons: Responsible for sponsorships, social

“ media, and outreach

Software: Responsible for boat autonomy through
sensor utilization and machine learning

History
2012 Initial Founding of SailBot at Virginia Tech
2018: Revival of Team
2018: Placed 2nd at International Robotic Safling Regatta
2020-21: Competitions Canceled (COVID-18)
2022: Placed 2nd at International Robotic Safling Regatta
2022 Placed 2nd at International Robotic Sailing Regatta
2023: Placed 2nd at International Robotic Sailing Regatta

2024 Placed 5th/33 in unmanned teams at PEP, Placed 6th at

International Robotic Sailing Regatta

Reach Out

(g @satlbotvt
@ wwwsallbotacevtedu

Satlbot at Virginia Tech s committed to creating an inclustve and

welcoming space for all regardless of gender, race, sexuality, national

arigin, religion. or ability level
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STEEL BRIDGE DESIGN TEAM
st AT VIRGINIA TECH

CVILAND EN

COMPETITION OVERVIEW

The Student Steel Bridge Competition is a design-build contest
organized by ASCE and AISC. Each year, these organizations
change the rules so there is a new and unique challenge
every year, requiring a new bridge each year.

In order to analyze the structure and design, SAP2000, SolidWorks
and AutoCAD are used. Several bridge designs are modeled using
these softwares during the design process.

SAP2000 offers an accurate representation of the force interactions,
reaction components, deflection, and force transfers between
members for each of the load conditions that would occur during
competition. Looking at specific members during the structural
analysis phase, different steel dimensions were inputted to ensure
the most effective dimensions were selected for the final design.

The final design for 2023-2024 was an understruss aligned
beneath the stringer, which was a 3D girder. The undertruss
design was selected due to the structural analysis completed by
SAP2000 and constructability. The 3D girder was selected due to
the stiffness and lateral stability it provided the bridge.

During fabrication, a few minor constructability changes were
made to the design and connections were improved. The
fabrication stage was well thought out and scheduled, allowing for
SCORING CRITERIA enough timing for load testing, changes to be made, construction
practice, and preparation for competition

Structural Efficiency
Construction speed
Stiffness

Lightness

Cost Estimation
Construction Economy
Aesthetics

2023-2024 RESULTS

Virginia's Conference
o 1st Overall
National Finals

o Tth Overall

o lIst in Aesthetics

JOSEPH F. WARE JR.
ADVANCED ENGINEERING LAB
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