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ABSTRACT

The problem of developing an optimum waterfront
design for berthing nuclear submarines at the XNew London
Submarine Base is treated primarily as an operational
problem involvinc the interaction of the submarine with
the physical environment of the channel. Preliminary
investigation revealed that, of all the contributing
elements, the presence of tidal currents is the single
greatest deterrent to achievement of a successful landing.
With due consideration of physical environment, servicing
and operational logistics, and practicality of implementa-
tion, it is deemed feasible to develop a berthing arrange-
ment that will satisfy all of these constraints. To
evaluate the effectiveness of the proposed solution, a
computer simulation experiment, of submarine landing, is
developed and a parametric study is undertaken. Results
show the optimum pier orientation and slip width appropri-
ate to the present waterfront design. ndditional experi-
ments show that, for nuclear submarines, a sawtooth
berthing arrangement is superior to the optimum conven-

tional layout.
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LIST OF NOTATION

corresponds to submarine engine order of

*back one-third"

corresponds to tugboat engine order of

*back one-third"

added mass correction factor
mass of submarine

yaw moment due to rudder

angular speed about vertical axis of

submarine
time

speed of submarine in direction of

longitudinal axis

component speed of submarine in lateral

direction

various coefficients of quasi-steady

hydrodynamic forces
lateral force due to rudder
rudder angle

yaw angle

~0CEANICS™=




INTRODUCTION

The Naval Facilities Engineering Command is engaged
in a program of refurbishing the submarine berthing facilities
on the Thames River at the Hew London Submarine Base. The
purpose of renovation is to replace aging piers and in so
doing to provide accommodation for a projected number of
nuclear and conventional submarines as well as auxiliary
miscellaneous vessels., The basic formula for redesign of
berthing spaces involves removal of wooden piers and replace-
ment with concrete successors that will be optimally oriented
and spaced so as to minimize reported difficulties of achiev-
ing ingress by nuclear submarines, without vitiating the
constraints imposed by servicing reqﬁirements.

To be sure, waterfront design is essentially an
engineering problem, and if the Thames River were a static
fluid environment, it would be a fairly straightforward
problem. llowever, submarines attempting to "land" at
assigned berths must first navigate the channel where tidal
effects generate ebb and flow of currents which, coupled
with the submarine's low forward speed, often complicates
landing and may even make it a hazardous undertaking. Since
it is not feasible to modify either the environment or the
submarine, it is quite logical to examine the possibility
taat alteration of the waterfront layout will produce
beneficial effects upon the berthing operation.

The objective of the study undertaken by OCEANICS,
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Inc. is to determine the optimum pier oriemtatiom aad slip
width for eas» of berthing, such information to be potaatial
input to final engineering design. In the first instamt,
there are no restrictions on the solution other tham emvirom-
mental factors that affect the handling characteristics of
nuclear submarines. Thus, at the outset, considerable lati-
tude exists in optimizing orientation and width of slips
even to the extent of introducing berthing concepts that
depart radically from the present waterfront arrangement
which is shown in the frontispiece. liowever, it would be
naive, if not wasteful, to completely ignore the practical
aspects of the siiuation. Such factors as: cost, prescribed
minimun number of berths, servicing requirements, and existing
permanent piers, must certainly be considered.

In oxrder to develop a realistic approach to the
problem, the first step was to acquire an understanding of
all its aspects and this necessitated the gathering and
evaluation of data and information pertinent to the problem.
When the environmental, operational, logistic, and practical
factors were considered collectively, possible alternative
solutions were revealed. These solutions comprised: 1) changes
in slip width and orientation of piers with respect to present
design, 2) development of a "sawtooth" berthing arrangement,
3) combinations of these two solutions.

The problem was subsequently reformulated {o comprise
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study of the spatial requirements for landing of tug-assisted
SSN and SSBll-type submarines, for conditions 1) and 2) above,
in a variety of currents, and for consideration of multiple
berthing. The mechanism for evaluating the effects of proposed
variations in layout is a comnuter experiment that simulates
submarine landing for the specified conditions. The end result
is an estimate of optimm spacing and orientation of piers
as regards the two basic types of solutions mentioned above.
This report describes the way in which the study
was developed and carried out and the results that were
obtained. From the c¢onclusions, recommendations for imple-
mentation are given that will hopefully be useful in final

redesign of the waterfront at the liew London Submarine Base.

COLLECTION OF DATA AID DASIC IWFORIIATION

Initially, the problem was defined in terms of easinc
the berthing difficulties of two classes of nuclear submarines
{SSN 637, SSBN 616), by studying their maneuvering character-
istics in different environmental conditions ([l1].* 1In this
way, it would be possible to determine the optimum pier angle
for ingress and egress and to optimize the distance between

piers for single or multiple berthing. Ilowever, it was

*See list of REFERENCES at and of text.
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recognized that the submarine could not be treated as a system
independent of the human hand that guided it. 1In fact, the
notion that a landing problem exists was inspired Ly the
operator; it follows that solution of the problem must
necessarily satisfy the operator. Consequently, the first
step was to not only collect whatever data was available on
the oceanographic environment and on the handling cliaracter-
istics of the submarines involved, but to extract and assamble
pertinent information from all those people cornected with

the operation so that the nature of the problem could be
clearly defined. In these endeavors, personnel of the ilaval
Facilities Engineering Cormand were most helpful. Their
assistance in arranging for key interviews at the submarine
base has resulted in identification of the parameters

involved so that a meaningful solution could be sought.

The interviews, although iimited in number, were
most productive, because different points of view were
expressed by such people as: submarine captains and crews,
tugboat operators, public works officials, logistics support
personnel, and the base commander. In addition, OCEANICS
personnel were permitted to observe a nuclear submarine
landing (USS TINOSA, SSN 606) and this was most instructive.

The following is a distillation of all the general

information and data that was collected.
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Invircamectal factoxrs
The curvert tadles published by the Department
of Commeroe [2] ax rece=t Coasrt aad Geodetic Survey

abservations 2] iadicate that the cuxrest iz the Thames
chomel rarely exceeds cme it, except Suring Toring freshets
shes ar edd Cwrrest Of 3 kts is mot smacoemwe. Iz additiom,
mclear stioarises are 20v almost always laacec in slack
Seter ¥Aichk suggests that cmrreat effects should be miaimal.
ievertheless, there vatr a generil displeasure, voiced by the
sstmprine axd oot operators, Tocgarding the currents vhich,
it war laamved, zlageed then almost c mstaetly. It seens
that evez the 2race Of a2 current tenés to corplicate a berth-
the chasmei axis, iz order to achieve ingress. Purthernore,
the zresext restrictics :c slack-water landinc is an opera-
tiomal choice of comvenience, nOt a reguiresent. In fact,
it has beea establiishbed that solution of the problea should

sacorpass channel zavigation at any time. Lence, the effect

of current is potentially more significant thaa even considersd

imitially.

It vas the ccneral opinion of the submarine and
tugboat operators that: 1) the currents encountered were
of greater magnitucde than the published tables indicated,
2) wvhatever curreats were tnere made iancdings difficult,

3) arny berthing arrangcment that would eliminate current
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on the beam, upor approaching the berth, woulé be benefi-~
cial, 4; fcg, vinc, and channel traffic are secondary
hazards that éo nct evoke too muach concern, arnd S) davlignt

and tide are routi%e operational constraints.

Operational Pactors

The handlizg of a nuclear submarine to gain ingress
at zny of the piers i3 ar intriczte maneuver that is always
tos-attendes and often rtug-assisted. To obtain first-hand
nowiedge »% just what is involved in berthing a nuclear
submar:ne, the laxding ¢f the USS TINOSA (5SH 606) was
witnesse? fror onc of the assisting tvegs and froe the berthing
pier. TwW tags were icvelvec; one moored at the bow of
tse zubmarine, the othar standing by because it coulc not
successfully negotiate a2 wooring at the stern. The landing,
on the south side of pier 13, was skillfully supervised by
a jumior officer under the watchful eye of the captain.
Scwerer, it wvas made clear that that particular landing was
the exception rather than the rule, since there was absolutely
no Giscernibie current present. e were assured that the nick-
zane “Ulcer Gulch® fcr the Thames channel was not to be taken
lightly. Subsequently, a meeting was held with the captain and
his staff and additional information on berthing was obtained.

It aopears that backing cut of a berth is not a

ozior operational factor, because tugs are always available
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to provide lateral restraint (which is a problem) and to
assist in turning. The approach to the berth is accom-
plishec by the submarine which, in effect, carries the
tug(s) along. Depending on the current flow and the side
of the pier assigned, the tug may or may not be called
upon for assistance. In the case of the TINOSA, the tug
was used in mid-turn to provide an extra kick to bring
the submarine about.

FProm the preceding observations, which were
acknowledged in the interviews, it appears that submarine
berthing is an art that depends upon the skill of the
handler, his knowledge of the ship, assessment of channel
conditions, and ability to employ the tugs affectively.

In general, it was ascertained that no two officers follow
the same landing pattern and that, in fact, the same
officer would not be likely to land the same way twice in
succession, because the environment was never precisely the
same, Elimination of the effect of channel current was
hailed as the greatest potential relief to the landing
problem.

In a more practical vein, it was mentioned by one
captain that a modicum of improvement could be achieved by
the simple expedient of tapering the ends of the slips.
Even a few more feet of clearance at the entrance to the

berth would be welcome. All those interviewed asked for

~OCEANICS =




more space between slips and the base commander simply
suggested removal of every other pier. There was no
particular enthusiasm for nesting submarines, even if
more space were provided.

The possibility of berthing parallel to the
current was well received and led to one suggestion that the
most desirable landing would involve tying up to a structure
in mid-stream and then automatic berthing achieved hy a
round-house-like system of tracks. Although such a solution
is not practical, it became clear that operating personnel
take berthing quite seriously and have given thought to
means of alleviating the difficulties of this aspect of sub-
marine handling.

Coincident with the interviews, a survey was-
r.ade of existing data on submarine maneuvering and/or
analytical methods of assessing handling on the surface.

The search covered work done at the David Taylor liodel Basin,
the llaval Training Devices Center, Stevens Institute of
Technology and the open literature., It appears that very
little has been done in this area of operation and this

is due, for the most part, to the enormous variability in
the handling skill of thke man in charge. In addition to

the human factor, the arbitrary use of "instant power"

from a tug makes it even more difficult to assess precisely

submarine maneuverability in the Thames channel.
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Finally, there was general agreement that small
changes in slip angle would probably not materially affect
landing, so long as the current still plagued the submarine.
Moreover, since the current reversed direction periodically,
it was not obvious that the present orientation was optimum

particularly for nuclear submarines.

Logistic and Practical Factors

The very first set of interviews provided a some-
what better grasp of what the submarine was up against and
suggested a new tack to the investigation. Since there was
an apparent problem in berthing, it was decided to provide
the interviewees with alternative solutions that might bhe
appealing. On the other hand, the cure might be worse than
the disease and this knowledge could act as good counsel
for the proposed renovations {[4] now being considered.

Consequently, several new design concepts were
evolved that took no account of the lavy's thinking in the
matter nor even that piers 10, 12 and 13 were already
permanently installed, and that pier 6 was presently scheduled
for replacement. These designs are shown in Figures 1 - 4
and the single principle which guided their conception was
avoidance of current on the beam by providing ingress
parallel to the channel.

Figures 1 and 2 are bacically the same, showing
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stall berthing, in one case single, in the other multiple;
Figures 3 and 4 are also basically the same, showing sawtooth
berthing with more berths provided in Figure 3. The stall
berthing concept may also be viewed as extending only south
of pier 10, in deference to the existing concrete piers.

The tugboat operators were not impressed with the
limited maneuvering room in thc stall-berthing designs.
Furthermore, the officer responsible for supplying services
was cuite unhappy with the stall-berthing idea, in general,
because an entire pier (with as many as a dozen submarines
tied up) would be incapacitated whenever nuclear weapons
or liquid oxygen was handled. Also, it was noted that a mass
evacuation would be chaotic. The stall berthing in Figure 2
was even more objectionable, because the nested submarines
would have to be serviced over the bow and this was considered
to be virtually impossible. lowever, it was conceded that
landing in the stall berthing of Figure 1 would be desirable
if the bay were widened, if more space were provided between
slips and if the servicing and traffic requirements could
be met.

The sawooth berthing concepts, shown in Figures 3
and 4, were also greeted with mixed reactions. There were
some qualms about threading a channel lined with submarines
although the objection waned somewhat when it was proposed

to increase the distance between the quay wall and the "island"
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To answer the objection that loading of nuclear weapons or
liquid oxygen could tie up the whole "island", a second
bridge, at the opposite end (Figure 4) was proposed. However,
the notion of one bridge, let alone two, brought a chilly
response from the Public VWorks Department. In general, saw-
tooth berthing on the quay wall was well received; addition
of the island was not.

As a compromise, consider Figure S5 which shows
multiple sawtooth berthing on the quay wall. The problem of
current effects is greatly reduced and the logistics of
servicing does not appear-to be violated. In the space now
occupied by piers 1 - 8, ten nuclear submarines could be
berthed; this appears to satisfy future requirements for

such spaces [4].

FORMULATION OF PROBLEI

The problem of berthing nuclear submarines at the
New London Submarine Base was initially conceived, for the
purposes of this study, as oceanographic-hydrodynamic in
nature. Ilowever, when operational, logistic, anc¢ engincering
constraints were brought into proper perspective, it was
determined that the originally proposed procedure could be
improved to provide a practical and useful solution to the

problen.
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The basis for the approach used in this study was
the collected impression obtained from evaluation of all the
information garnered on the problem and presented in the pre-
vious section. As might be expected, there was some variation
in the personal opinions of individuals regarding the importance
of particular aspects. However, there was unanimity on the
key elements of the problem and, coupled with the environmental
data, the following conclusions on the nature of the problem
were drawn,

1. Environmental factors such as: current, wind, fog,
rain, traffic, tide, and channel geometry all influence the
way in which a nuclear submarine is landed. Current is
considered to be the single most important adversary and
makes tug attendance mandatory and serious damage a definite
possibility. This problem exists despite the fact that all
nuclear submarine landings are virtually restricted to slack
water and daylight hours. If there were nc current whatsoever,
the other environmental factors probably would be rated as
no more than nuisances. The condition that nuclear submarines,
in the future, will be required to land during any stage of
current ebb or flood will magnify the problem considerably.

2. Since the primary current is tidal in nature, and
therefore reverses itself, there should be little choice
between berthing on the north or south side of any pier.

However, due to present pier orientation, a south-side

¢ s
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landing is generzlly preferred. This reinfovces the notion
that present pier orientation is not optimum.

3. Egress is not a significant problem for nuclear sub-
marines, as long as tug assistance is available for lateral
restraint.

4. Although every landing is different, one may usually
assume that, with respect to the present pier orientation,
the submarine is aligned parallel to the axis of the pier,
upon approach. It is displaced, either north or south of the
pier, depending on current direction, and a distance depending
upon human judgment of the drift rate. The tugs are quite
efficient in turning the submarine but are not as effective
in chanying the lateral inertia due to the current. Conse-
quently, small changes in pier orientation will not materially
alter the lateral force component of the current and therefore
do little to ease landing difficulty. On the other hand, large
changes in slip orientation, such as recommended in the saw-
tooth concept (Figures 3 - 5) would permit ingress nearly
parallel to the current and are likely to result in considerable
relaxation of the difficulties that arise when even a small
component of the current is on the beam.

5. If radical redesign is not feasible, a first order of
improvement can ke achieved by arbitrarily increasing slip
width and by tapering the ends of piers to provide additional

clearance, or, at least, buffering the pier ends.
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From the foregoing, a case has been presented for
redesign of the waterfront, according to the sawtooth concept,
as a means of berthing nuclear submarines more easily and
safely. Figure 5 shows the kind of arrangement that is
likely to be effective. Because of the expected ease of
landing in this case, multiple berthing is considered to ke
feasible.

It should be understood that Figure 5 is conceptual
and implies no recommendation for final engineering design
as regards location, dimensions, or extent of the sawtooth.
The layout as shown does, however, recognize that major
alteration above pier 9 is undesirable. Furthermore, as
arranged, there would be room for 10 nuclear submarines, and
this satisfies the requirement for 9 such berths [4]. There
seems to be no obvious objection to the sawtooth from a
servicing viewpoint and, with respect to construction, it
may conceivably be less costly than "conventional" piers.

In order to verify these preliminary conclusions,

a comprehensive computer-simulation experiment was undertaken.
The objectives of the experiment are to determine the optimum
slip width and pier orientation, for the ronventional arrange-
ment, and to evaluate the effectiveness of the sawtooth
arrancgement in achieving a landing.

For the purpose of experimentation, both SSN and

SSBN submarine forms were considered. The experimental

~0CEANICS =<
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parameters included: current magnitude and direction, pier
orientation, and initial forward speed of the submarine.
Variabhles applied subjcctively were: rudder angle, to
maintain submarine heading; tug power, to minimize trajectory
drift; and ship power to change forwvard speed. 1In the
following sections, the computer experiment is described

in detail and the results are discussed and final conclu-

sions and recormendations are given.

DEVELOPIENT OF COL:PUTLR EXPERI:ENT

Before discussing the details of the comrputer
simulation of submarine docking, it is essential to out-
line the various hydrodynamic and structural character-
istics of nuclear submarines as well as standard fleet-type
submarines. duclear submarines of the SSil and SSBii classes
are slender streamlined forms, with almost circular sections
in the main hull envelope (except for appendages such as
the sail, the missile deck, etc.), and they are single-screw
vessels, with the propeller located aft of the horizontal
and vertical stabilizing surfaces. In addition, highly
sophisticated and fragile sonar gear is located on the
ship hull in the bow »egion, and care must be taken to avoid

any damage to such equipment by impacts or other damaging
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actions, as loss of sonar -capability will severely limit
the military effectiveness of the submarine.

The single-screw property of the nuclear sub-
marine is the most significant feature that affects the
submarire's maneuvering capability at low forwarc speeds,
in contrast to fleet-type submarines which are twin-screw
ships. The stabilizing surfaces, the rudders, etc. on
fleet-type submarines are usually located aft of the pro-
pellers, so that these control surfaces are in the propeller
race, thereby prcviding an augmentation of the local flow
velocity past the control surfaces and lience an increcased
control force. 2nother feature of the twin~screw installa-
tion is the ability to separately control the thrust of each
screw, so that longitudinal forces in opposite directions
can be gecnerated by the screws, which then results in a
vawing moigent. Thus, a twin-screw fleet-type boat can
"twist™ itself around without any external vehicle providing
assistance; its heading is therefore directly controllable
by the submarine itself by wvirtue of the two effects
described above. In direct contrast to this, the single
screw nuclear submarine cannot use longitudinal thrust
from the propeller to achieve any significant heading change,
so that the rudder control effectiveness is only dependent on
the forward speed, with a slight influence of the local

propeller-induced velocity field. From the foregoing
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discussion, it is =asy to see the need for tug assistance
wvhen landing a nuclear submarine in the presence of a
large envirommental disturiance such as a current, and
with the attencant requirement for low forward speed.
Hithin the framework of the capabilities of
nuclear submarines, as described above, a computer simu-
lation study was carried out in order to verify these
qualitative characteristics of nuclear submarine maneu-
verability in the landing operation, and to apply the
various control inputs necessary to achieve a successful
landing in the face of various disturbances due to currents.
The requiredé inputs, their effects on the submarine trajec-
tory, and the significance of such behavior in terms of
pier orientation and spacing are found from this method
of sizulation, and the methods, assumptions, etc. used
in that nhase of work are described in the following.

Conditions for Sclution of P-oblem

In seeking a solution by means of computer
sicmlation, certain assumptions are nade initially as to
the nature of the enviromment and the properties of
auxiliary systens such as the tugs. Geometrical and
kimematic restrictions are also considered, in a study of

this type, and the narticular numerical values are selected
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as representative for the purposes of the particular mathe-
matical analysis and simulation.

For this study, it was assumed that the current
direction was nmarallel to the shoreline and that the mag-
nitudes of the currents extended to a maximum of 3 kts for
ebb currents and 2 kts for flood currents. The submarine
is assumed to be traveling initially at a forward speed
of 3 kts just after it makes its turn from the middle of
the channel and starts to head towards one of the presently
existing nmiers. The location of the submarine is assumed
to be at a distance corresponding to one bhody length from
the end of the pier where this turn is made, and that
instant corresponds to time zero in the computer run.

The current is assured to be uniform over the
entire extent of the channel (i.e constant magnitude),
but it is assumed that "quiescent" water exists between
the piers and that the submarine no longer "feels" the
current from the time that the submarine CG reaches the
end of the pier until a final landing is achieved. However,
whatever velocity the submarine has at the instant it reaches
this "quiescent" water region will remain as essentially
an "initial condition" for the computations while the sub-
marine is within the confines of two adjacent piers. This
transition lLetween "current poresent" and "no current" is
only considered in analyzing conditions appropriate to

the presently existing »ier systen, and it is not applied
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when considering the sawtooth pier design, although the
sawtooth may also have a mitigating effect on the current
in certain cases.

then considering the sawtooth pier configuration,
the submarine forward speed is different from that assumed
for the conventional pier landing case. For an ebb current,
the initial submarine forvard speed is assumed to be such
that a net ground speed of 3 kts is achieved, and hence a
relatively larger forward sveed is selected for the submarine
itself relative to its own inertial reference frame. For
example, in a 2 kt ebb current, the submarine will have an
effective speed ¢f S kts in its own reference frame. Sini-
larly, in a flood current, the same net ground speed of
3 kts is assumed for the initial ship speed condition,
correspondincg to a relatively low forward speed to be main-
tained by the submarine ir its own reference frame.

In carrying out the computer simulation, a run
is terminated wvhen the net vector velocity of the subma-
rine is less than 0.20 ft./sec., so that the ship is
effectively brought to rest and avoids any impacts with the
piers in the terminal state. Another operational constraint
incorporated in this cooputer study is an allovance for a
1S second time Celay for attaininc the final steady state
propeller thrust of the submarine following an engine
order for change of propeller rpn. Thi- change in thrust
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is brought about continuously during the 15 second time
period to provide a realistic measure of continuity in
force development. The tug thrust changes are assumed to
occur almost instantaneously, in comparison to ship power
changes, and hence no time delay is considered for applica-
tion of tug forces to the submarine.

{lith regard to the tug force characteristics,
some information concerning the present tugs at the iew
London Submarine Base was obtained during discussion with
the tugboat operators. The specific information received
included physical dimensions of the two different tugs,
displacements, shaft horsepower, cetc. and from this data a
single composite tug characteristic was derived. Assunption
of an average SHP of 900 HP at a maximum speed of 12 kts,
and allowance for the thrust deduction factor and an approxi-
mate ratio between EHP and SlIP, resulted in a value of 19,400
1b. of thrust as a maximum for each tug. With propeller
thrust taken proportional to (rpm)z, the thrust force
developed at the .g-bell' was estimated to be 14,900 1b. and
7,500 1b, at the .%.bellu, with the same magnitudes assumed
to apply for both forward anc reverse conditions. These
estimates are expected to be of the correct order of macni-
tude and hence directly applicable in the present simulation
study.

When considering power, thrust, etc. for the
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nuclear submarines, it was assumed that the same basic
nuclear powerplant was installed in each type of sub-
marine (SSN or SSBN). Thus it is to be expected that
reversing the propeller on an SSBN submarine will be
somewhat less effective in reducing the submarine forward
speed, as compared to the SSN case, because of the larger
mass of the SSBN submarines.

Although SSBN submarines are considered in
this study, there is presently no plan for berthing such
submarines at the llew London Submarine Base. Illowever, in
the interest of long range planning for expanded utiliza-
tion of the base, this class of nuclear submarine is
included.

7ithin the computer simulation study, no effects
of wind are considered, since there is very little exposed
surface of the submarine and no significant force is
developed from such a relatively low density fluid. Another
environmental factor, i.e. the possibility of eddying flow
near the pier ends and/or within the pier spaces, has been
neglected in this study due to lack of precise information

on such flow characteristics.

IHathematical Simulation of Submarine Response

In order to simulate mathematically the trajectory

of a submarine in the docking maneuver, it is necessery to
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have an appropriate set of equations of motion. These
equations must provide for: varying forward speed, pro-
peller force alteration, effects of externally applied forces
by means of tugs, etc. Since low forward speed is necessary
in this case, the usual form of ship motion equations [5],
which is based on linearizing various motion perturbations
relative to a large constant forward speed, is not appli-
cable. An allowance for significant nonlinear hydrodynamic
force and moment terms must be made, and values of the
applicable numerical coefficients determined by estimates
based on theoretical guidance or from model experiments.

A fortunate set of circumstances allowed use of model test
data, together with an equation formulation obtained from
such data, which was originally prepared for development of
a training device [5]. The model tested was not precisely
identified as corresponding to any particular nuclear
submarine class, but was representative of a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>