NON-ROV DEVICE: VERTICAL
PROFILING FLOAT

The Float is a vertical profiler designed to execute multiple profiles descending to a depth of 2.5m.
While completing these profiles, it records and transmits data to the surface side station. The
propulsion for the float is a buoyancy engine controlled by depressing or repressing the plunger
inside a syringe. Changing the amount of water inside the syringe changes the weight of the float
relative to the weight of the water it displaces. The discrepancy between the buoyancy force and
the craft's weight permits it to translate up and down and hover in the water.

The float was constructed primarily by a mix
of 100% and 75% infill ABS plastic with a
rectilinear pattern for the housing, internal
supports, and battery packs. Other
components include a 500 mL plastic syringe,
a Creality 42-34 stepper motor, a PTFE O-
ring, a PTFE gasket, stainless steel bolts and
washers, brass heat inserts, and lead fishing
weights (Figure 1). These items were chosen
for their cost, accessibility, manufacturability,
and MATE safety standards. Waterproofing
was accomplished by using O-ring seals and
silicone grease. The pressure sensor was
potted with epoxy. The float is 27.84 cm tall
with a 1500 cm diameter.

An ESP32 microcontroller controls the float
operation. The complete circuit combines an
MS5837-02BA pressure sensor, an RYLR896
LoRa module, and a buoyancy engine
consisting of a stepper motor and TMC2209
motor driver (Figure 2).

Figure 1: Vertical Profiler CAD Model




A switch and fuse were incorporated for safety, and
a voltage regulator is used to drop the voltage to
3.3V. Crush Depth uses Arduino IDE to write, compile,
and send code to an ESP32 to run all programs on
the logic system. Vertical profiling begins when the
ESP32 prompts the motor to start spinning by
sending a signal. This directs the motor to take a
certain number of steps in a certain direction,
ultimately translating to the intake and outflow of
water. To determine the amount of steps the motor
needs to take to get to the desired 2.5 m, the logic
system utilizes a PID controller: an autonomous
system that helps the craft reach the target by
taking past, current, and possible future error into
account and adjusting the steps the motor needs to
take accordingly (Figure 3). The device is powered by
8 AA batteries in series, providing 6 volts and a
maximum of 0.70 amps. This follows the safety
standards set forth by ELEC-NRD-001 and ELEC-
NRD-004.

Figure 2: Circuit Diagram

A 2.5 cm hole was placed in the lid to allow for a

rubber stopper to ensure that any overpressure

does not create a hazard. The float is made up of

two main pieces: the housing and the lid. To address
potential water ingress, the company used O-rings .'
coated in silicone grease and calculated a 25% |
compression using the cross-section to set the gland
depth. A rectangular groove 1.5 times the O-ring’s |
width allowed for lateral expansion, with corner fillets
added to protect the seal. Cavities in the bottom of

the housing serve to hold the fishing weight ballast

and then the batteries.

Crush Depth used UART serial communication |
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through the HardwareSerial interface for the ESP32 | .@
and the REYAX LoRa RYRL896. The LoRa module | T

operates on a bandwidth of 915 MHZ, a United

States ISM license-free radio band to communicate Figure 3: Software Flow Chart
between the float and the base station. The LoRa

utilizes AT commands to set parameters such as

address, network ID, bandwidth, and range, Figures courtesy in order as listed: Luke
respectively. The radio is capable of low bit rate Salazar, Jack J. Jackson, and Jake Dudley

transmission while simultaneously being able to
transmit up to 15 km, making it highly suitable for the

task. —



