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2) Control Electronics Housing: As mentioned, all of
Charybdis’ control electronics are housed in an eight-inch
acrylic tube. This created a mess of wiring that plagued the
electrical team. To resolve some of this, two things were
done. A new internal layout was designed--again discussed
in section__, and all of the electronic routing was reworked.

A common carrier was designed within SolidWorks to
house all the control electronics and keep their wiring short.
The carrier organizes the port and pin locations for
repeatable wire and cable runs. Volume inside the tube was
previously taken by excess wire lengths and misplaced
components, but having a set path aids in airflow for the
processor and ease of maintenance. The housing was FDM
3D printed. This process was chosen because it was fast,
inexpensive, and allowed for the level of complexity and
this part needed.

Figure 2. Charybdis Internals Mockup

3) ESC Mounts: The purpose of the mount design was to
create a better accessibility to the electronic speed
controllers (ESC) avoiding inadequate management of
wires when it comes to replacement or disassembly. Having
the ESCs’ wires clamped by the structure that has a smaller
radius than the power and signal wires will prevent the
ESCs from being able to move laterally. Additionally, the
mounts needed to address the issue with the large amount
of heat created by the ESCs when the motors are running.
The design allows for proper air flow by the assembly
having the ESCs with the least contact with any surface as
possible. As well, the structure enables mounting a small
size fan on the top of the ESCs to help with cooling.

SolidWorks was used by members of the team to design and
analyze the mount structure. Several design iterations were
made to achieve the maximum air flow possible and
increase ease of assembly. For the ease of manufacture, the
mounts were 3D printed. The ESCs were tested in the
mounts and design modifications were made to ensure that
the ESCs did not loosen cables and that the ESC sits firmly
in place.

4) Propulsion: As with in previous years, Charybdis is
powered by eight T-200 Blue Robotic Thrusters. The
thrusters are laid out in the Blue Robotics vector 6DOF
configuration. This gives the sub maximum
maneuverability. And by using a standard motor layout,
programming motion control becomes easier. This year saw
a total replacement of thrusters. The sub had been using the
same set of thrusters for the past four competition years.
Because there were no travel expenses this season, there
was room in the budget to purchase a few new T-200
thrusters, as well as new rotors and stators to replace some
that were rusted out as shown in Fig 3.

Figure 3. One of Charybdis’ Older T200 Thruster Stators

5) Torpedo Design: This season’s torpedo project was a
continuation from the 2020 competition season. Multiple
torpedo designs were considered and were tested
thoroughly leveraging the SolidWorks computational fluid
dynamics (CFD) simulation package. Each torpedo was run
through a series of simulations in an attempt to evaluate the
performance of the torpedo before production. The
launching mechanism remained the same from the previous
year.

After the torpedo was decided upon, further work was
required to make the launcher functional. A set of
requirements and limitations were placed on the design, the
most notable of which required the use of the existing
launching mechanism, for it to be fully waterproof, and for
a mechanism to be able to apply a linear force of 20 pounds
onto a single point. This limited the mechanism to use a
waterproof servo with a limited output, thus a gearing
needed to be used, as well as a mechanism to translate the
rotational motion of the servo to linear motion needed to
activate the launcher. The decision was made to make 3D
printed gears, and a minimum gear tooth size was
determined. Using this, a rack and pinion setup was
constructed alongside a mount for the torpedo launcher
itself, as well as a 3:1 gearing which was found to give the
servo enough torque to meet the requirements defined
earlier.


