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The Semi-Autonomous Underwater Vehi ; pntion Missions (SAUVIM)
under development in the Autonomous Systq within the Department of
Mechanical Engineering at the University of Ha :"’”" 8 requires the development and
integration of a system capable of monitoring key Asders to ensure the health status of
some of its core systems. The core systems are } gin pressure vessels mounted
inside the vehicle. The monitoring system tha g amd built consists of two types
of sensor suites per pressure vessel 10 pro jl-information and a level of
redundancy. The primary sensor suite is intey vehicle’s main computers to
monitor pressure, moisture, and temperature at #ngide each pressure vessel as
well as battery bank voltage and current My scnsor suite is a standalone
unit that operates independently of the bl computers. The standalone
Sensor suile monitors pressure, Mmoisture, } B sand internal power while
incorporating a triggered audio alarm and oulgaikel B signal. Both types of sensor
suites are modular, easily removable and intecschag ) m the pressure vessels.
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INTRODLIE

A vehicle health monitoring system is g L. pve safety and reliability as
well as reducing operating and maintenance @ | dogically advanced vehicles.
Vehicles such as spacecraft, aircraft, and syl nefit greatly from a health
monitoring system. Through the use of " A e can eliminate or at least
minimize failure through early wamning andl' _ M. The SAUVIM vehicle, like
a spacecraft, encounters a widely varying rangp el factors in the course of a
mission and it needs to closely monitor thi ke appropriate action in the
event of abnormal readings. Many of the fg 1of parded against are the same
in spacecraft as they are in deep diving suld ) ath as temperature, pressure,
condensation, and power considerations. I, fndl BOWIM vehicle will face some
additional environmental hazards not found i Jok as the threat of liquid water
buildup from pressure vessel leaks. :‘,A'
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external pressure can climb to 10,000psi. This drastic change in environment can result in
temperature swings inside the pressure vessels of about 110°F. Condensation can occur due
to large changes in temperature affecting gas in a fixed volume. To prevent condensation
from occurring the pressure vessels are evacuated and filled with nitrogen gas to a pressure
of 15psi. During the evacuation process pressure sensors inside the vessels are used to
prevent over evacuation and damage to sensitive components. For this, the standalone
sensor suites are used because they are able to function without the vehicle's computers or
power. Once underway, the vehicle must be able to continuously monitor the pressures and
temperatures inside the pressure vessels as well as identify the presence of liquid water and
monitor the battery voltage and the current draw.

All health monitoring data from the primary sensor suites are reported to the vehicle’s
two main VME computers to be analyzed and stored. For any conceived recoverable failure
condition (as opposed to a catastrophic failure such as pressure vessel implosion or a main
structural frame failure) the vehicle must be programmed to detect such a condition based on
abnormal readings from the sensors on the health monitoring network and notify the
supervisory program and/or personnel. Just like a spacecraft, the pressure vessels and
electronic components can fail due to any of the following identified conditions: 1)
excessive moisture from condensation 2) excessive heat buildup 3} pressure vessel leaks 4)
under pressure (over evacuation of bottles) 5) over pressure 6) low voltage 7) battery
overdraw 8) miscellaneous factors.

Additional constraints are place on the design of the sensor arrays in the form of size,
interchangeability, sensor functionality, operating time, and ruggedness. The standalone
sensor boxes are limited in size to 1” x 27 x 3” and must contain their own power source for
12 hours of operation. The primary sensor boxes are also limited to the same size but
contain different circuitry, additional sensors, and a computer interface used for power
supply and signal routing,

RESULTS

Preparation began by brainstorming SAUVIM failure scenarios and thoroughly
characterizing the operating environment. A suite of sensors was chosen for each bottle to
detect temperature, pressure, power bus, power shunt, and leaks. Additional work and
rescarch was done in generating system block diagrams for both sets of sensors as well as
contacting sensor manufacturers for sourcing and technical specifications. Preliminary
sensor tests were carried out to measure accuracy and precision of various brands of
components.

To provide a level of independent checking capacity and redundancy, two separate
monitoring systems were built. The primary sensor suite that runs on vehicle power is
linked to the main VME computers through an RS-485 network while the secondary
standalone system operates independently from the main computers and vehicle power. The
following general tasks were accomplished for the primary sensor suite; preliminary testing
of sample components, selection and ordering of components, building interface circuitry,
bench calibrating each class of sensor and integrating sensors onto the data acquisition
nodes. An integral part of the Vehicle Health Monitoring System is the C-code used to
monitor and interpret the voltages being fed into the computer from the various sensors via
A/D converters. Programming tasks included data channel addressing of each sensor and
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