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Abstract

Autonomous underwater vehicles (AUV) are rapidly cmerging as an important tool in
ocean exploration and maritime defence systems. Reliability is one of the key issues
in making these vehicles viable for scientific. commercial. and military applications.
The vehicles must be able to accomplish the mission. or some subset of the mission
objectives.

The research herein is concerned with defining vehicle behaviours in the light of

design choices that will result in improved vehicle performance under nominal (fault-

free) ing iti and with of vehicle behavi even
with control plane faults. Numerical studies were performed using a computer model
of the AUV C-SCOUT (Canadian Self-Contained Off-the-shelf Underwater Testbed).
Because it is typical of many vehicles active in the world today. the results are qual-
itatively valid for a large number of vehicles. Quantifying the behaviours provides
a foundation for further analysis of behaviours in various planned and unplanned

conditions the vehicle will experience over the course of its active lifetime.



First. a numerical study was made of the effect of variations of geometry on added

mass The results that intuitive expectations for the effects

of geometry on added mass are valid.
A second numerical study was made of the sensitivity of AUV response measures

in turning circles and zigzag to variations in hydrod

The results have specific implications for the design of AUV. and provide a baseline
of behaviours inherent to the vehicle itself.

Finally. 2 numerical study was made of vehicle response during holding conrse.
diving. and turning. while the vehicle is experiencing various angles of jam on each
of the control planes. and while the vehicle is missing one of the conrrol planes.
This information was used to define the vehicle behaviour. to generate conclusions
about vehicle controllability. and to suggest safe operation envelopes for guarantees
of mission success.

The contributions made in this work include a systematic description of the effects

of varving vehicle design and hy i (which result from

certain design choices). Also included is a systematic analysis of the effects of control

plane faults on the response of the vehicle.
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Who laid the foundations of the earth.
that it should not be removed for ever.
Thou coveredst it with the deep as with a garment:
the waters stood above the mountains.
At thy rebuke they fled:
at the voice of thy thunder they hasted away.
They go up by the mountains:
they go down by the valleys
unto the place which thou hast founded for them.
Thou hast set a bound that they may not pass over:
that they turn not again to cover the earth.
O LORD. how manifold are thy works!
in wisdom hast thou made them all:
the earth is full of thy riches.
So is this great and wide sea.

wherein are things creeping innumerable.

both small and great beas

Psalm 104: 5-9, 24-25

O LORD God of hosts.
who is a strong LORD like unto thee?

or to thy faithfulness round about thee

Thou rulest the raging of the sea:
when the waves thereof arise. thou stillest them.
The heavens are thine. the earth also is thine:
as for the world and the fulness thereof. thou hast founded them.

Psalm 89: 8, 9, 11
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International Submarine Engineering Ltd. (ISE) - [nternational Submarine En-

gineering Ltd. is a world plaver in the design and development of autonomous

and remotely operated underwater vehicles (AUV and ROV) and robotic sys-

tems.

Geo-R es Inc. (GRI) - Geo-Rex es Inc. is a privately owned Canadian
company. which was established in 1986 whose mandate at that rime was to
provide ocean mapping services for domestic and international customers. [n
recent vears the focus has shifted toward research and development projects with
. GRI has

experience in areas such as multibeam sonar mapping. tidal monitoring. GPS

an emphasis on creating commercially viable software based product

positioning. and operation of remotely controlled vehicles for anti-submarine

warfare and mine hunting trials.
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Table 1: Abbreviations

Abbreviation D it

AUV Autonomous Underwater Vehicle(s)

BRC Balance Resolving Center

C-SCOUT Canadian Self-Contained Off-the-shelf Underwater Testbed
CURV Cable-controlled Undersea Recovery Vehicle
DATCOM (USAF) DATa COMpendium

DOF Degrees of Freedom

DREA Defence Research Establishment Atlantic
EEM Environmental Effects Monitoring

ERS Emergency Response System

ESAM Estimate Submarine Added Mass

D [nstitute for Marine Dynamics

LQG Linear Quadratic Gaussian

MDTF Marine Dynamics Test Facility

MUN Memorial University of Newfoundland

NACA National Advisory Committee on Acronautics
NRC ational Research Council (Canada)
NRC(US) National Research Council (United States)
OERC Ocean Engincering Research Centre

PID Proportional Integral Derivative

PMM Planar Motion Mechanism

RCV Remotely Controlled Vehicle(s)

ROV Remotely Operated Vehicle(s)

SNAME Society of Naval Architects and Marine Engineers
SPURV Self-Propelled Underwater Research Vehicle
WHOL Woods Hole Oceanographic Institute
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Table 3: Symbols

Symbol D iti

A Dynamics matrix in the standard state-space model

A Angle of attack of the hull

A Simulations of vehicle behaviour with active roll com-
pensation via all control planes

Aep Reference (planform) area for the control planes

Anan Reference (wetted surface) area of the hull

Ap Planform area of the hull

Apo Planform area of the hull from the nose to the station
Zo

Apnp Reference area (general usage)

a0 (2-D) section lift-curve slope at @ = 0 for a control
plane

a, Effective aspect ratio of a control plane

B Control input matrix in the standard state-space
model

B Buoyant force

B Body-fixed reference frame. tvpically used as a sub-
script

b Control plane span

b Subscript denoting center of buovancy

C State to output matrix in the standard state-space
model

Ce. Co Lift and drag coefficients respectively (general usage)

Cny Drag coefficient at zero angle of artack

Cp. Crossflow drag coefficient (general usage)

Coyun- Ceuuu
Copons- Cprn,
Co.ranr. Crrrun
Cp.Fins- CLfins

Cn
Cons

3

Drag and lift coefficients for the hull

Drag and lift coefficients for the control planes

Drag and lift coefficients for the hull (Excel™ plots)
Drag and lift coefficients for the control planes
(Excel™ plots)

Pitching moment coefficient (general usage)
Pitching moment coefficient about the quarter-chord
axis of the control plane




Definiti

Normal force coefficient (general usage)

Center of effort (for the hull)

Center of pressure (for the control planes)

Location of the center of pressure of the control plane.
chord-wise in the control plane reference frame
Location of the center of pressure of the control plane.
span-wise in the control plane reference frame
Control plane chord

Control plane chord at the root

Control plane chord at the tip

Input to output matrix in the standard state-space
model

Drag force (general usage)

Drag force on the hull

Drag force on the horizontal control planes

Drag force on the vertical control planes

Hull diameter

A metric of length representing a moment arm

Simulations of vehicle behaviour with active roll com-
pensation via elevators
Oswald’s efficiency factor for a control plane

Force vector. F=[{ X Y Z 17

Control forces

Environmental forces - waves. current. etc.

Ideal fluid forces - “Added Mass™

Real fluid forces - “Damping”™

Static (hydrostatic) forces - weight and buoyancy
A 6 x 2 matrix ing the weight and b
contributions to the equations of motion
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A matrix of hydrodynamic derivatives
Matrix of hydrodynamic derivatives

Augmented matrix of virtual added mass derivatives
Matrix of virtual added mass derivatives
Traditional transformation matrix for angular veloci-
ties from inertial to body-fixed reference frame
Normal force cn the hull at a particular station along
the length

Moment vector. G= [ K M N |’
Subscript denoting center of gravity (mass)

Angular momentum vector, H=lv,

Matrix of inertial properties

Inertial reference frame. typically used as a subscript
Momenta of inertia about the ry. yg. and zy axis
respectively

Products of inertia about the rg-yp. rp-z5. and yg-
zp planes respectively

Moment about the rg axis. described in rhe body-
fixed reference frame

2 x 6 matrix of kinematic equations for augmenting
the linear model

2 x 2 matrix of kinematic equations for augmenting
the linear model

Unit vector that defines the (equivalent) axis about
which frame B is rotated with respect to [
Derivatives of roll moment with respect to angular
velocities (rotary moment derivatives)
Nondimensional derivatives of roll moment with re-
spect to angular velocities (rotary moment deriva-
tives)

Derivatives of roll moment with respect to angular
accelerations (mass of inertia coeffici )
Nondimensional derivatives of roll moment with re-
spect to angular accelerations (mass-moment of iner-
tia coefficients)




Symbol

Definiti

K. K. Ky

Ky Ko Ky

Ki. Ke. R

Ky KK

M,. M,. M,

MM

Rias.

Derivatives of roll moment with respect to transla-
tional velocities (static moment derivatives)
Nondimensional derivatives of roll moment with re-
spect to translational velocities (static moment deriv-
atives)

Derivatives of roll moment with respect to transla-
tional accelerations (mass-moment of inertia coeffi-
cients)

Nondimensional derivatives of roll moment with re-
spect to translational accelerations (mass-moment of
inertia coefficients)

Derivative of roll with respect to thruster output. o7
Derivatives of roll with respect to control plane de-
flections. Su. dap. dus. Pau

Apparent mass factor in the longitudinal axis
Apparent mass factor in the transverse axis

Gain of depth controller

Linear momentum vector. L =mu,

Hull length

Lift force (general usage)

Lift force on the hull

Lift force on the horizontal control planes
Lift force on the vertical control planes
Reference length

Moment about the yg axis described in the body-fixed
reference frame

Augmented apparent mass matrix (sum of real and
virtual added mass matrices)

Apparent mass matrix (sum of real and virtual added
mass matrices)

Real (physical) mass matrix

Virtual added mass matrix

Derivatives of pitch moment with respect to angular
velocities (rotary moment derivatives)
Nondimensional derivatives of pitch moment with re-
spect to angular velocities (rotary moment deriva-
tives)
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M. M. M.

MLAENE

MMM,

Mt

Mo s

Meaw

m

Mg

Derivatives of pitch moment with respect to angular
accelerations (mass-moment of inertia coefficients)
Nondimensional derivatives of pitch moment with re-
spect to angular accelerations (mass-moment of iner-
tia coefficients)

Derivatives of pitch moment with respect to transla-
tional velocities (static moment derivatives)
Nondimensional derivatives of pitch moment with re-
spect to translational velocities (static moment deriv-
atives)

Derivatives of pitch moment with respect to trans-
lational accelerations (mass-moment of inertia coeffi-
cients)

Nondimensional derivatives of pitch moment with re-
spect to translational accelerations (mass of
inertia coefficients)

Derivative of pitch with respect to thruster output.

s of pitch with respect to control plane de-
Hections. da. Aap. Buse Ban
Mass of the body

Moment about the =5 axis described in the body-fixed
reference frame

Simulations of vehicle behaviour with no active com-
pensation: ie. only passive roll stabilization
No range of acceptable behaviour indicated by
lations

Derivatives of yaw moment with respect to angular
velocities (rotary moment derivatives)
Nondimensional derivatives of yaw moment with re-
spect to angular velocities (rotary moment deriva-
tives)

Derivatives of vaw moment with respect to angular
accelerations (mass-moment of inertia coefficients)
Nondimensional derivatives of yaw moment with re-
spect to angular accelerations (mass-moment of iner-
tia coefficients)

imu-




Definiti

New: Neap: Neas: Vous

P
P
Prom

Derivatives of yaw moment with respect to transla-
tional velocities (static moment derivatives)
Nondimensional derivatives of yaw moment with re-
spect to translational velocities (static moment deriv-
atives)

Derivatives of yaw moment with respect to transla-
tional accelerations (mass-moment of inertia coeffi-
cients)

Nondimensional derivatives of vaw moment with re-
spect to translational accelerations (mass-moment of
inertia coefficients)

Derivative of yaw with respect to thruster output. &1
Derivatives of yaw wi(h respect to control plane de-
flections. &u. &4,

Subscript referting to huLl lift-drag plane

Generic input parameter

Nominal value of the generic input parameter

Roll (about rg). pitch (about yg). and yvaw (about
2p) angular velocities respectively

Overshoot width of path of the vehicle in a zigzag
maneuver

Rotation matrix mapping the decomposition of a
given vector in B to a decomposition in [

An arbitrary vector

Denotes the vector. r. described (or “decomposed™)
in the body frame

Denotes the vector. r. described (or “decomposed™)
in the inertial

Position vector describing the location of the center
of effort of the hull in the body frame

Position vector describing the location of the center
of pressure of a control plane in the body frame
Simulations of vehicle behaviour with active roll com-
pensation via rudders

Generic output parameter

Nominal value of the generic output parameter

Hull radius at station £

Hull radius at station ry



Symbol Definiti

S Augmented matrix of rigid-body coupling coefficients

s \la(n:( of rigid-body coupling coefficients

S(r) v ric matrix ing the crossprod.
uctr x -

S Sensitivit;

S: Cross-sectional area of the hull at station r

Sy Cross-sectional area of the hull at station r,

Traditional transformation matrix from inertial to
body-fixed reference frame

Superscript denoting the transpose of a vector or ma-
trix

N X

Augmented control input matrix

Control input matrix

worw Surge (along £p). sway (along yg). and heave (along
=p) linear velocities respectively

ga

v Vector of lincar and angular velocities expressed in
the body-fixed rn[orvnro frame.

v v ::rp:r'r
vy Vector of lmmlmnmd \lex‘mm along the body-fixed
axes.vy = n v ow
vy Vector of angular velocities about the body-fixed

axes. v. paqr

vee Velocity at the center of effort in body frame.
ver vee(r) reply) reet) 17

ver Velocity at the center of pressure in the body frame.
vep=[ repls) veply) rep(2) ]

v Velocity (scalar)

Vee Magnitude of the velocity at the center of effort

Ver Magnitude of the velocity at the center of pressure

w Weight force

X Force along the rg axis. described in the body-fixed
reference frame

Xut Force on the hull along the rp axis. described in the

body-fixed reference frame



Definition

I8- Ys-
LcE- YoE-

Zep- Yop-

Force on the horizontal control planes along the rg
axis. described in the body-fixed reference frame
Force on the vertical control planes along the ry axis.
described in the body-fixed reference frame

State vector in the standard state-space model
Derivatives of surge force with respect to angular ve-
locities (rotary force derivatives)

Nondimensional derivatives of surge force with re-
spect to angular velocities (rotary force derivatives)
Derivatives of surge force with respect to angular ac-
celerations (inerdia coefficients)
Nondimensional deri of surge force
spect to angular accelerations (inertia coefficients)
Derivatives of surge force with respect to translational
velocities (static force derivatives)

Nondimensional derivatives of surge force wirh re-
spect to translational velocities (static force deri
Pl

Derivatives of surge force with respect to translational
accelerations (inertia coefficients)

Nondimensional derivatives of surge force with re-
spect to translational accelerations (inertia coeffi-
cients)

Hull station that is the limit of integration in Perkins
method for determining the lift coefficient

Hull station where the rate of change of cross-
sectional area first reaches its maximum negative
value

Linear coordinates in the body-fixed reference frame
Linear coordinates of the center of efforr (hull) in the
body-fixed reference frame

Linear coordinates of the center of pressure (fins) in
the body-fixed reference frame

Linear coordinates in the inertial reference frame
Distance from the nose to the quarter-chord axis of
the after control planes

Linear coordinates of the center of buovancy in the
body-fixed reference frame

ith re-

e



Symbol

Definiti

T fqca

Lq- Yg-

Tyea

Distance from the nose to the quarter-chord axis of
the forward control planes

Linear coordinates of the center of mass (gravity) in
the body-fixed reference frame

Distance from the nose to the quarter-chord axis of
the control planes

Distance to moment center

Variable of integration

Distance to limit of integration

Derivative of surge force with respect to thruster out-
put. &7

Derivatives of surge force with respect to control
plane deflections. 8ur. du. dur. dut

Force along the yy axis. described in the body-fixed
reference frame

Force on the hull along the yg
body-fixed reference frame
Force on the horizontal control planes along the yg
axis. described in the body-fixed reference frame
Force on the vertical control planes along the yp axis.
described in the body-fixed reference frame

Output vector in the standard state-space model
Derivatives of sway force with respect to angular ve-
locities (rotary force derivatives)

Nondimensional derivatives of sway force with respect
to angular velocities (rotary force derivatives)
Derivatives of sway force with respect to angular ac-
celerations (inertia coefficients)

Nondimensional derivatives of sway force with respect
to angular accelerations (inertia coefficients)
Derivatives of sway force with respect to translational
velocities (static force derivatives)

Nondimensional derivatives of sway force with respect
to translational velocities (static force derivatives)

is. described in the
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T8

Zr

Z

al

S22y

- Ze- Ze

7.z

- Zeap: Zoas- Zeau

Derivatives of sway force with respect to translational
accelerations (inertia coefficients)

Nondimensional derivatives of sway force with respect
to translational accelerations (inertia coefficients)
Derivative of sway force with respect to thruster out-
put. &1

Derivatives of sway force with respect to control plane
deflections. du. bup. das. au

Force along the zg axis. described in the body-fixed
reference frame
Force on the hull along the =
body-fixed reference frame
Force on the horizontal control planes along the zg
axis. described in the body-fixed reference frame
Force on the vertical control planes along the =5 axis.
scribed in the body-fixed refe frame
Derivatives of heave force with respect to angular ve-
locities (rotary force derivatives)
Nondimensional derivatives of heave force with re-
spect to angular velocities (rotary force derivatives)
Derivatives of heave force with respect to angular ac-
celerations (inertia coefficients)
Nondimensional derivatives of heave force with re-
spect to angular accelerations (inertia coefficients)
Derivatives of heave force with respect to transla-
tional velocities (static force derivatives)
Nondimensional derivatives of heave force with re-
spect to translational velocities (static force deriva-
tives)
Derivatives of heave force with respect to trans!
tional accelerations (inertia coefficients)
Nondimensional derivatives of heave force with re-
spect to translational accelerations (inertia coeffi-
cients)
Depth error
Derivative of heave force with respect to thruster out-
put. &7
Derivatives of heave force with respect to control
plane deflections. &u. 8ap. Cas. Suu

axis. described in the
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bucp
b1
bvep
€
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Angle of attack in radians unless otherwise specified
Angle of sideslip in radians unless otherwise specified
Overshoot angle of the vehicle in a zigzag maneuver
Difference operator

Control input

Control plane commands for after lower. after port.
after starboard. and after upper fins respectively
Defiection of the horizontal control planes

Thrust input command

Deflection of the vertical control planes

Smiall perturbation

Vector of position and orientation expressed in the
inertial reference frame.
i nl I

- r
1 =lry 08¢
Position in the inertial reference frame.
m=iz g |

Orientation in the inertial reference axes.
m=io # v}

Ratio of finite length to infinite length cylinders
Subscript denoting equilibrium condition

Density of the fluid (sea water - assumed to be 1030
kg / m*)

Period of the zigzag manenver

Hull roll angle

Orientation angle about an intermediate reference
frame axis ry

Orientation angle about an intermediate reference
frame axis y

Orientation angle about the inertial reference frame
axis =

Heading error

Sweep angle of control plane

Displacement: the mass of the volume of water dis-
placed by the outer hull of the vehicle
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Chapter 1
Introduction

The surface of the earth is two thirds water. yet we know very little about what is
contained in vast areas of oceans and seas. In fact. we know more about objects in
space millions of kilometers away than we do about the ocean which has a depth of
only 11 kilometers at its deepest point. Yet the oceans may hold a wealth of resources
we may need in the future. Undersea exploration is the kev ro rapping rhese resources.
We also know that these huge masses of water play a major role in the carth’s weather
patterns. but more information must be obtamed in order to understand and model
their role in the earth’s ecosystems. In addition. knowledge of what is happening

under the waves is a major concern for defense of any country with a coastline.

1.1 Necessity of Ocean Exploration

In 1991. the Marine Board of the United States National Research Council set out to
form a strategy for the development and deplovment of underwater vehicles for work
and research under the sea. The results of their study were released in 1996 under
the title “Undersea Vehicles and National Needs™[1]. One of their conclusions was

the following (p. 3):

Conclusion 1: The nation has vital economic and scientific needs to



ignificantly advance its capabilities for working. monitoring, and mea-
suring in the ocean. Those needs involve national security. environmental
protection. resource exploitation. and science. Undersea vehicles can con-
tribute strongly to these capabilities by giving human beings access to
new kinds of information about little known areas of the ocean and the
seabed - information that may have a major impact on the well-being of

large populations.

In terms of national security. military applications for underwater vehicles include
mine detection and mapping. covert operations in hostile waters. and monitoring the
traffic in friendly waters. The military have been. until recently. the only ones with
money and inclination to develop the technology (others have had the inclination.
but money was hard to come by).

In the scientific realm. applications include profiling icebergs [2]. water column and

benthic survey and sampling [3]. In addition. underwater vehicles provide views of

organisms unavailable by other means. The

also provide a tool for environmental

monitoring [4].

Commercially. there are uses for underwater vehicles in many areas. For example.
nuclear power plant cooling tunnel inspections could be done with nnderwater vehicles
([5] suggests using autonomous vehicles because the tether of a remotely operated
vehicle would be a handicap in the long runnels). Further examples in the offshore

oil industry include vehicles as underwater “eves” for riser installation. pipe-laving.

etc.

{6]. under ice surveys. underwater profiling of icebergs. inspection of structures
and devices (e.g. Kort nozzles) (7.

It is important that man be able to operate underwater: he needs “eyes” and

“hands™ to accomplish a wide variety of military. scientifi

and commercial tas

]



1.2 Brief History of Underwater Operations

Man has historically been curious as to what goes on under the waves. Legend has
it that Alexander the Great (356-323 B.C.) was lowered into the Aegean Sea in a
glass diving bell. It was not until 1620. however. that an actual submersible boat

was successfully built and tested by Dr. Cornelius Van Drebbel (

1634). It was
a leather covered rowboat that made several trips under the Thames river. Later. in
1690. Edmund Halley (discoverer of Halley’s Comet) patented a diving bell that was
capable of submergence to 60 feet (138 m) for 90 minutes. In 1715. Englishman John
Lethbridge built the “diving engine”. which was used for many vears. [t was an oak
cylinder reinforced with iron hoops. It had a glass view port. and the operator’s arms
protruded through greased leather cuffs. The diver could stay under for 30 minutes
at 60 feet (18 m). These were ancestors of modern submarines. deep submergence

rescue vehicles. and one-atmosphere diving suits.

1.2.1 Manned Vehicles
Submarines

The developments in submersible technology in the vears that followed were driven
by military goals. although the various navies did not necessarily think there was a
need for such contraptions. American David Bushnell built the Turtle which was used
unsuccessfully against the British ship HAMS Eagle in New York harbour in 1776. In
1800. Robert Fulton of steamship fame ( Clermont in 1807). built the Nautilus for the
French government. but was unable to convince them of its usefulness as a military
tool. In the 1850s a Prussian corporal. Wilhelm Bauer. built submarines first for the
Germans. then for the Russians when the Germans dismissed his work. Submarines
were again used with dubious success in the American Civil War - the CSS Hunley
sank twice on training missions (the second time taking all hands including its backer.

cotton broker H. L. Hunley). and finally sank a third time after sinking the [USS



It was di in 1995 and v raised. In 1874. John Phillip
Holland submitted a design for a submarine to the US Secretary of the Navy. His
efforts. after many discouragements. eventually lead to the first practical submarine
(the Holland VI. later the U'SS Holland when the US Navy bought it in 1900) that
used a gasoline engine for travelling on the surface and charging batteries. and an

electric motor for sub it Later s ines (starting with the French

submarine Aigrette in 1904) used diesel engines rather than gasoline for obvious safety
reasons. From there. submarines have developed such that there is a wide variety of
military versions up to and including nuclear powered missile delivery svstems. as

well as many non-military submarines for tourist' purposes and private use.

Submersibles

For scientific missions. the work on submersible® technology began in earnest only
relatively recently. [n 1930. William Beebe. a zoologist. descended to 1426 feet (435
m) in a bathvsphere { “deep sphere”). a hollow steel sphere with an inside diameter of
54 inches. and 3-inch thick glass viewports. The heavy ball was lowered from a barge
to depth with a steel cable. If the cable snapped. the bathysphere would sink to the
bottom. Power for telephone and lights was provided from the surface via a second
cable. and an air hose was also used. In 1934. Beebe and Otis Barton descended to
3023 feet (923 m). Barton descended to 4500 feet (1372 m) in a modified bathysphere.
off California in 1948. Swiss balloonist Auguste Piccard and his son. Jacques. built a
bathyscaphe (~deep boat”) in 1954. The FVRS-2* consisted of a steel ball suspended
from a metal float filled with gasoline. Buoyancy was adjusted by releasing iron ballast
in a controlled manner. In February of that year. Georges Houot and Pierre-Henri

Willm descended to 13827 feet (4050 m) in this bathyscaphe. Piccard and his son

UJanes Underwater Technology 2000-200118] lists 13 types of tourist submarines in operation
world wide.

*Submersibles. unlike submarines. tend to lack the ability to perform long-range operations. They
are typically transported to the site of interest and launched from a support vessel.

$FNRS-1 was a high-altitude balloon.



built the Trieste in 1952-3. This bathyscaphe achieved world-wide fame in 1960 when
Jacques Piccard and US Navy Lieutenant Don Walsh descended 35.300 feet (10.911
m) to the bottom of the Challenger Deep in the Marianas Trench of the Pacific Ocean.
the deepest known part of the ocean’s Hoor. In 1953. Jacques Cousteau designed the
Diving Saucer for scientific observations in waters up to 1000 feet deep. In 1962 the
ALVIN (named after Wood's Hole Oceanographic Institute (WHOI) researcher Allyn
Vine who had championed the need for it) was funded. It was launched in 1964 and
is still in service today. in spite of having sunk in 3500 feet (1676 m) of water in 1963
(it was recovered less than a year later). This famous submersible has been involved

in finding a lost H-bomb off the Spanish coast in 1966. discovering the existence of

thermal vents in 1977, and exploring the HMS Titanwe in 1986. Jane's [8] lists

tvpes of manned submersibles. including ALVIN. currently active.

1.2.2 Unmanned Vehicles

To accomplish the necessary underwater work. manned submarines have traditionally
been the tool of choice since they allowed humans to get down there and have a look
for themselves. Thev are. however. expensive and involve risk for the occupants.
Several submarines have been lost over the vears with accompanying loss of life.
There have been some successful rescues. In 1939. the Squallus rescue using a new
diving bell. the McCann Rescue Chamber. saw 33 men rescued from 243 feet (71 m)

[9]. To reduce costs and risks. current technol is ing on devels

of unmanned submersibles. “Any system that will remove man from the water and
can do the job with efficiency is preferred.” ({6] p. 240) There are several types of

unmanned submersibles in use today.

Remotely Operated Vehicles (ROV)

Remotely operated vehicles are unmanned submersibles that are operated from a ship

via a tether through which power and communications are available to the vehicle.

o
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