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Abstract—Artemis and Apollo are the 2016-2017 au-
tonomous underwater vehicles (AUVs) created by CUAUV,
a team of approximately 50 undergraduate students at
Cornell University. Both vehicles were designed, manufac-
tured, and tested over ten months. Artemis and Apollo
draw heavily on past experience building AUVs, bringing
together advanced technology to build our most robust
underwater vehicles to date.

I. DESIGN STRATEGY

THE Cornell University Autonomous Underwater
Vehicle team’s primary objective is to design and

build an autonomous underwater vehicle (AUV). The
foremost goal of this endeavor is the education of the
team’s members. Additionally, the team seeks to compete
in the AUVSI RoboSub competition each year. This
competition provides both the engineering constraints
and supplementary motivation to the team in order to aid
in the learning experience. Our overall design philosophy
reflects a balance between the goals of seeking inter-
esting and educational projects for the team’s members
and maximizing our chances for success in the RoboSub
competition.

This year, we decided to continue with our previous
strategy of developing two cooperative vehicles. Last
year, our mini sub, Loki, marked the first instance of
a second vehicle being deployed at RoboSub. While we
consider Loki a success for being able to pass through
the gate, we have much higher aspirations for the mini
sub this year. Many of the shortcomings with Loki
were a result of limited testing time due to being made
a lower priority than the main sub and the increased
workload of debugging two separate electrical systems.
To counteract these issues, this year, we sought to get our
new mini sub, Apollo, “in-water” before our new main
sub, Artemis, and we designed both vehicles to have
nearly identical electrical systems. In order to achieve

our goal of having more testing time, it was decided
to reuse key mechanical systems from Thor and Loki,
CUAUV’s 2015-2016 vehicles. This decision allowed for
significantly decreased time spent in both the design
and manufacturing phases. This was the first time the
main hulls were reused, which was a large trade off
as it strongly limited the designs of other projects,
such as the frame and racks. This year also saw the
development of more first-time projects than previously
attempted. Some of these new projects include a model-
based controller, custom thermal heat sinks, and an active
ballast system. These projects promote innovation and
present unique engineering challenges. Unfortunately,
due to the nature of first-time projects, design and
manufacturing problems often arise. In order to balance
additional capabilities of the vehicles with reliability,
many of these projects have been partially implemented
and focus shifted to more critical components of the
vehicles. Having gone through a first design cycle, these
projects are expected to be revisited in the future without
compromising reliability.

II. VEHICLE DESIGN

A. Mechanical

Artemis and Apollo were designed with robustness,
interchangeability, and ease of manufacturing as prior-
ities. Together they comprise a highly developed and
reliable mechanical system. The largest trade-offs that
are made to achieve our three goals are increased size
and weight. Learning from previous years, the ability
for the vehicles to be put under high stresses is a
necessity. In order to ensure the vehicles are capa-
ble of handling the rigorous tasks expected of them,
rigid structural design is implemented on both subs,
which adds weight to both vehicles. Interchangeability
of components between the vehicles, such as the battery
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pods and hydrophones enclosures, allows for a highly
efficient mechanical system at the expense of the size
of both vehicles increasing in order to accommodate
these systems. Lastly, the majority of the mechanical
systems are manufactured in-house, thus making manual
machining of components a must in order to significantly
reduce the amount of time and expenses required to
manufacture these parts. However, manually machining
parts limits their designs to simple geometries, often
leading to larger enclosures. Each mechanical component
on Artemis and Apollo is designed and optimized with
these trade-offs in mind to create our most robust and
capable vehicles to date.

The mechanical design cycle begins in the Fall with
design reviews held every two weeks for each project.
The first design review is the Pre-Preliminary Design
Review (PPDR), which is held as a formal collaboration
on initial project thoughts. At this design checkpoint,
multiple designs are proposed and discussed for each
project. The Preliminary Design Review (PDR) is then
held with an initial Computer Aided Design (CAD)
model of the design discussed during the PPDR. This
design review goal is to establish key features in the
project and work out any initial problems encountered
in the design process. The Mid Design Review (MDR)
is intended to be a checkpoint to ensure progress is
made towards a final design and to allow for additional
collaboration to happen before the design is finalized.
The Final Design Review (FDR) is for presenting the
completed design to the team and to discuss any last
details regarding the project before entering the man-
ufacturing phase. This design review process provides
multiple checkpoints to ensure progress is made and to
facilitate collaboration between team members.

Following the design phase, each project begins man-
ufacturing, which lasts approximately four months. To
reduce the dependence on CNC machines, which are
shared between many users at the Cornell machine shop,
many components were created with manual machining
in mind. This was a large improvement over previous
years since it allowed for a much faster production of
parts. Following the machining of parts, sanding of each
part is done in order to achieve proper surface finishes for
sealing surfaces and surface aesthetics on external parts.
Finally, the custom parts were sent out to be anodized to
ensure they do not corrode underwater and extend their
lifetime.

In order to more accurately plan our deadlines and to
assist in project planning for future years, the time spent
both machining and sanding the parts was monitored.
The team logged 721 machining hours (of an original
1,100 hour estimate) and 686 sanding hours for the
completion of Artemis and Apollo.

Fig. 1: The Artemis Frame is waterjet from 1
4” 6061-T6

aluminum. The overall frame measures approximately
34” long, 12” tall, and 12” wide.

1) Frame: The frame constitutes all the structural
pieces that hold the vehicles and all their enclosures
together. This year, with the addition of many new
capabilities, such as two downward manipulators, active
ballast, and vector thrust, problems arose with keeping
the frames light and compact on both Artemis and
Apollo. Both the main and mini sub saw an increase
in overall size this year due to the added components.
A change in mounting of various enclosures occurred
this year to facilitate fast swapping and easy debugging.
Rather than all the enclosures being directly screwed
into the frame, the battery pods and valve enclosure
employ a slide-in mounting, secured with shock-cord,
which eliminates the need for external brackets and
fasteners. Each enclosure on the frame is strategically
placed to achieve a neutral roll and pitch moment, as
well as to allow for easy access for debugging. Artemis’
eight thrusters and Apollo’s six, are located around the
frame to optimize for controllability as well as water
flow around the vehicles.

Fig. 2: The Apollo Frame is waterjet from 1
4” 6061-T6

aluminum. It measures approximately 16” long, 16” tall,
and 20” wide.

Both the Artemis and Apollo frame were rigorously
tested using Finite Element Analysis (FEA) to ensure
they retained structural integrity whilst optimizing for
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low weight. Utilizing water-jet cutting of the frame
pieces allowed for rapid manufacturing, significantly
decreasing the time spent on in house CNC machining.

Fig. 3: The Artemis main hull has a dual-hull design.
The midcap (central piece) provides mounting for the
DVL, SEACON panels, sensor boom, and acrylic hulls.
The overall length of the hull is approximately 34” long.

2) Main Hull: The main hulls are the largest en-
closures on both Artemis and Apollo which house the
custom electronics boards, computer, and many on board
sensors. The main hull project is traditionally the most
CNC intensive due to the numerous sealing surfaces,
interfaces with other projects, and SEACON connectors.
In our efforts to decrease the manufacturing time of the
vehicles, the central part of the main hull (the midcap)
from our previous vehicle, Thor, was chosen to be
reused for Artemis. This decision was made possible by
having designed for interchangeable SEACON connector
panels on the midcap last year, allowing us to only have
to remanufacture the connector panels for this year’s
requirements. Conversely, the choice to reuse the midcap
drove a lot of the hull design this year by constraining it
to remain as a dual hull and limiting the overall size. The
form factor of the vehicle relies heavily on the design
of the main hull due to its size and central location,
which resulted in the overall vehicle design not changing
significantly this year. A new feature in the Artemis
hull is the addition of conductive thermal paths from
the electronics boards to the midcap and two endcaps.

The main hull was reused from the previous mini sub
in order to complete the vehicle sooner and allow for
more testing. The most significant change was moving
the battery system from being inside the main hull,
which required completely unsealing the hull to change
a battery, to external battery pods interchangable with
Artemis’ pods. The partial hydrophones system previ-
ously housed in the Loki hull was also transferred to an
external enclosure in order to give the mini sub a full
hydrophones array.

3) Racks: The Artemis and Apollo racks were de-
signed with two main considerations: interchangeability
and thermal conductivity. The racks provide structural
support for all of the larger electrical components and
custom PCBs in the vehicles, while still maintaining the
ability to remove each board and modify it. In addition,
this year’s racks effectively route the heat away from the
components and into the cooler endcaps.

Fig. 4: The Apollo racks mount to the mini sub hull
with four contact points (left red piece). The thermal
management system consists of custom heat sinks (red
blocks mounted to the boards) and a thermal tower (black
block on the right) to disspate heat to the endcap. The
custom electronics boards are mounted on the top layer
of the racks and the computer is mounted underneath.

The custom electrical boards this year were designed
to fit and operate in either vehicle. This decision saves
time and allows for easier debugging, but also led to
great constraints in the rack designs. Since Artemis
and Apollo have dramatically different hull dimensions,
it was difficult to design structures that would allow
for the same boards in both vessels. In the future, the
hull dimensions of both vehicles may need to be more
similar in order for ease of design and assembly between
vehicles.

The Artemis fore racks did not significantly change
from Thor’s design. This decision was made since none
of the electrical components in the fore rack were
changed. However, some optimization was done to re-
move some bulkier items, thus leaving space for other
boards to fit. The aft racks were completely redesigned
for a lighter and more thermally effective system. How-
erver, the re-designed sliding mechanism proved more
difficult to secure in place.

The Apollo racks were redesigned to both provide
effective thermal paths to the endcap while also allowing
for an easier user experience. Boards were easier to
access, and additional space was provided for fans to
circulate air throughout the system.

A completely new project was implemented this year
that focused on analyzing the thermal properties of
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