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Lyra Battery Pack System
More info: xostrucks.com

What: A modular system
B

Injection molded parts

of 30 and 60kWh electric
vehicle batteries designed,
prototyped, manufactured,
and tested all under one roof.
During my internship I served a
supporting role in the entire
process from start to finish.

Lithium ion cells
Sheet metal parts

How: Battery modules (above)

IP67 enclosure

High-voltage connector

Side mounting to vehicle

Tools used:

•
•
•
•
•
•

3DX CATIA / ENOVIA
2D Drafting / GD&T
Finite Element Analysis
Vibration Testing
Water jet
MIG Welding

B

run cell-level diagnostics and can be
easily expanded or replaced.
Full packs (left, below) have a
cooling unit and overload failsafes.
They can be chained together to
increase vehicle range.
I participated in design reviews,
implemented changes in CAD,
fabricated test parts, communicated
updates to manufacturers, and ran
environmental testing.

Modular battery system

Internal Air Cooling

Battery Control Unit

A Why: These packs were designed specifically for Xos's last-mile delivery

fleets. 4 of them can provide about 200 miles of range, making them ideal for
routes that return to the same location each night. Desigining and
manufacturing them in-house allows for more flexibility in implementing
changes and responding to customers' needs.
Xos's trucks are not self-driving, nor do they have any fancy bells or whistles; the
goal is to build reliable, low-maintenence, environmentally friendly trucks that
work today. And they happen to be electric.
Xos has successfully deployed trucks with UPS and Loomis, and has orders for
many more with FedEx and others.
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AquaSensors

IP69 electronics enclosure

What: A compact, low-

B

Long range radio antenna
Plug-and-play sensor slots

cost assembly of chemical
(pH, dissolved oxygen, etc.)
and optical sensors that
Flotation/ballast structure
remotely measure and
transmit water quality
Water jet self-cleaning system
information.
More info: h2okinnovations.com
Process connection

Pressure-proof (120psi)
measurement chamber
Replaceable optical
window + o-ring gasket
Spectroscopy sensor

Tools used:

A

•
•
•
•
•
•
•

SolidWorks
Fusion CAM
Python/C
Microcontrollers
3D Printers
CNC mill/lathe
Laser cutter

B

How: This floating AquaSensor

package (above), designed for
long-term autonomous operation in
harsh marine environments, was my
first independent project at H2Ok.
I designed this pipe-mounted
AquaSensor (left) according to
specifications of a potential client's
water processing plant, as well as
an electronics enclosure for the
“brains” (below).

Readout screen
Microcontroller
Wireless transmitter
Waterproof enclosure
Sensor connections

Why: AquaSensors can be cheaply deployed en masse and constantly send
data to an AI algorithm in the cloud.
Upcoming changes in water quality can be accurately predicted, enabling
preventative action for large-scale water supply issues like harmful algal blooms
or sudden spikes in industrial process contaminants.
The floating AquaSensor was successfully piloted with the U.S. Geological Survey
in Fall 2020, and the inline sensors were deployed with a major manufacturing
company in Winter 2021.
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Jet Scooter

What: Two model aircraft
B

EDF fans strapped onto the
back of a broken motor
scooter (stripped of the
motor)I found in a cruft pile.

B

How: The powertrain consisted of two

6000mAh LiPo batteries with 50C discharge
rate, two 80A ESC units, and two 70mm EDF
engines. The ESCs are controlled by an
Arduino Nano attached to one of those
solderable breadboards that Adafruit sends
you for free with some orders that you never
have anything to do with... until now! I used
the throttle already on the scooter for power
on/off, and a potentiometer mounted on the
handlebar for speed control.
Preliminary testing indicated that while the
engines are powerful enough to send loose
dust and leaves flying, they can't quite get a
human over ~10mph. Also the battery life
leaves something to be desired. In the next
iteration, I plan to switch to Li-ion cells and
add afterburners to make it a real jet scooter!

A

Video: youtube.com/watch?v=Id7ZNdEKoJc

Power cables
Back axle w/ hand brake converted
from chain drive to free-spinning
Custom-modeled 3D-printed
mounting structure
Detachable parts for ease of
printing and assembly
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Space-Time Globe

What: A moving model that provides hands-on
intuition for time dilation and other mind-bending
behaviors of special relativity.

3D printed handles

B

B

Vinyl cut gridlines
Milled aluminum rails
Laser cut top plate
CNC cut guide slots

Wrangling the physics equations to program the CNC Router!

Why: I built this for my final project in AP Physics C. In the class, we’d touched on the

physics behind why nothing can travel faster than the speed of light, but the pages full of
equations and formulas did nothing to help me understand it. In the same way a regular
globe demonstrates how 3D space works, this “space-time globe” demonstrates how 4D
space-time works in a much more visual way than math problems.
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CowbellBot

What: An “IoT-enabled”

A

cowbell that we ring in the
H2Ok Innovations fabrication
space when we hit a
milestone or celebrate a win.
To bridge our remote and inperson world, whenever
someone sends or reacts with
the cowbell emoji on Slack,
the cowbell will automatically
ring in real life.

A

How: Like my Space-Time Globe, I made this almost entirely from scavenged parts.

I found the wood scraps, drive shafts, stepper motor, and even the cowbell itself in a scrap
bin. One SolidWorks model, one Raspberry Pi, and multiple hours of Slack API programming
later, a fantastic team tradition and inside joke was born!
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"Waterfall"

What: A hand crank-powered dynamic art display
featuring a “waterfall” of blue beads.

How: As the final project for the “Mechanisms in Motion” class, this project integrated every
B

skill we’d learned - mechanical design, rapid prototyping, CAD/3D printing, laser cutting, and
fabrication. Over the course of the summer, my team of three went from never having opened
SOLIDWORKS to being able to brainstorm, design, iterate, and build this project in less than a week.

B

Laser cut frame and slope
Scratch-modeled "Archimedes Screw" elevator
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Monty Hall Paradox Doors

What: A wood model of

A

three doors, designed for a
STEM summer camp for middle
schoolers that I taught. The
pieces were laser cut and
assembled by the campers,
making the Monty Hall Paradox
much more hands-on and
accessible for visual learners.

A

How: I didn’t have access

to a CAD program for this, so I
designed it entirely in the 2D
laser cutter software based on
my experience making laser-cut boxes. I had to factor in the thickness and amount of material I
had available, as well as the ease of construction for middle schoolers, as there would be 10 of
them doing it simultaneously. There were a few minor flaws since I only had one day to design
and prototype, but the kids loved the project, even when a few of them got the goat.
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Wooden Menger Sponge

What: A 6” cube model

B

of the famous 3D fractal, or
simply a “mathematical
object”, made of layers of
laser-cut scrap plywood.

B

How: Again with no CAD

software, I had to act as my own
3D model “slicer”, staring at a
picture of the object and
making sketches of each of the
27 layers, which consisted of
anywhere from one to 16 pieces
of wood. It took a very long time
to glue together, but I found the
end result very satisfying.
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The price of chicken in Sofia, Bulgaria

What: An hourly-updated
display of the current price in
USD of a pound of chicken
breast in Sofia, Bulgaria.

A Why: This was a present
for my literature teacher
who would often go off on
long tangents. When
asked what we did in class
yesterday, he invariably
responded, “Oh, we just
talked about the price of
chicken in Sofia, Bulgaria."
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Laser-engraved faceplate powered by Raspberry Pi, I2C display, and a web API.
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