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ABSTRACT

Candidate approaches to depth/pressure-
copensating devices and systems for fluid-
filled deep submergence equipment are described
and analyzed. Current design philosophies
and considerations are discussed as well as
the physical arrangement of compensating
systems. A compensator design scheme and
maintenance information have been included to
provide guidelines and enumerate system
design parameters and ramifications. It is
planned that the handbook contents will be
periodically revised and updated as "feedback"
information becomes available.
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PREFACE

The Deep Ocean Technology (DOT) "Hand-~
bnok of Fluid-Filled, Depth/Pressure-Compen-
sating Systems for Deep Ocean Applications"
was prepared to provide guidelines for the
selection, design, physical arrangement,
and maintenance of compensating systems and
devices. A design schem2 for determining
compensator volume allowances is presented
and methods for fluid filling, fluid condi-
tioning, and reconditioning are discussed.

The handbook is thus a guide, rather
than a specification. It may be cited as
authority for action, and will hopefully
provoke deep submergence personnel to estab-
lish a thorough, yet realistic, approach in
designing and maintaining reliable compensating
systems. Users are encouraged to refer to
other referenced DOT handbooks to obtain
pertinent design information.
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CONTENT AND ORGANIZATION

Chapter I relates the concept of depth-pressure compensation
to environmental requirements and system design.‘

Chapter II is a description of compensating devices and
systems as used in various deep submergence applications.
Desirable design features, compensation schemes, and physical
system arrangement are also discussed.

Chapter III includes compensating fluid considerations, a
scheme for determining compensator volume allowances, and
szlected fluid data.

Chapter IV discusses fluid maintenance considerations and
fill procedures for various equipment designs.

Chapter V acknowledges survey contributors and includes
several complete deep submergence vehicle compensating system
surveys. However, this survey information cannot be cited as
authority for action.

REVISIONS, GROWTH, AND "USER COMMENT RETURN FORM"

The DOT "Handbook of Fluid-Filled, Depth/Pressure-Compen-
sating Systems for Deep Ocean Applications" is designed to be
periodically revised to include new data and considerations for
fluid-filled system design and also for additional deep ocean
applications. Responsibility for the maintenance and expansion
of the handbook has been assigned, under the supervision of the
Naval Ship Systems Command (SHIPS 03424), to the Naval Ship
Research and Development Center, Annapolis, Maryland.

Revisions to the handbook will be effected by the use of
page changes and additions. As the handbook is published in
looseleaf form, revisions may easily be made.

Users, both commands and individuals within the Navy, and
the nonmilitary marine community are encouraged to submit
additional data, paragraphs, or chapters. Less extensive feed-
back - even mere indications that specified sections are judged
to be too general - is useful and solicited. Feedback may be
forwarded directly to:

Deep Ocean Technology Program
Naval Ship Research cnd Development Center
Annapolis, Maryland <1402

Material received will be carefully reviewed and coordinated
prior to publication. A handy preaddressed user-comment return
form is included for your convenience (following Bibliography).




ADMINISTRATIVE INFORMATION

This first edition of the handbook was compiled by the
Naval Ship Research and Development Center, Annapolis, Maryland,
as part of the Deep Ocean Technology Program, S4636, Task 14745,
Work Unit 1-723-115-A "DOT Electrical and Hydraulic Systems for
Deep Submergence Vehicles." The Program Manager was the Naval
Ship Systems Command (SHIPS 03424), and the Naval Ship Engineering
Center (SEC 6141) was the Technical Agent.
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INTRODUCTION

The world's oceans are man's newest frontier for explora-~
tion, exploitation, and development. These activities involve
a growing armory of vehicles and work systems to help man meet
the challenges of hydrospace.

Whereas most operating machinery for a typical Fleet sub-
marine is placed within the pressure hull, deep submergence
vehicles (DSV's) employ external-to-hull machinery systems which
must operate efficiently and reliably in the ambient ocean.
Electrical control signals are transmitted from equipment in the
pressure capsule to external systems by means of glass-to-metal
seals and umbilical cabling. Vehicle designs often impose
stringent technical constraints so that a DSV is not only weight
limited, but space for mounting outboard hardware is at a
premium. The extreme pressures, temperature, marine fouling,
abrasive particulates, and corrosive action of sea water present
difficult design problems.

Pressure, coupled with sea water, is decisively unforgiving.
It ruthlessly penetrates and attacks the weak points of even
the most sophisticated electrical, mechanical, or hydraulic
components. Therefore, a design engineer must create a protective
medium to shie'’d sensitive hardware from the ocean. Shallow
submergence design concepts frequently involve "hard shell" or
encapsulation techniques. These approaches become impractical
for deep ocean operational requirements, especially for large
components and where rotating shaft penetrations into the sea-
water environment are required (see Background).

To operate in the deep ocean, the most feasible design
approach is not to fight depth pressure, but to DFSiGN FOR AND
LIVE WITH PRESSURE. This can be accomplished by fluid-filling
and pressure-compensating deep submergence systems and components.

A compensating system provides a protective fluid environment
which is self-adjusting to be equal to or slightly greater in
pressure than the ambient ocean environment. Various devices,
such as a diaphragm, bellows, piston, or bladder, are often used
to facilitate a moving interface between the compensating fluid
and seawater.

Fluid-to-sea-water pressure differentials are then minimal.
Structural housing and seal requirements are much less demanding
then for a hard shell approach. The compensating device provides
fluid volume compensation for changing physical conditions, both
ambient and internal, such as occur during a DSV mission from
the ocean surface to operational depth. A fluid, depth/pressure-
compensated design concept allows the designer to meet critical
eguipment parameters - low weight, high reliability, compactness,
and high efficiency.
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BACKGROUND

in the deep ocean has created problems which challenge the most
innovative designer. Considering the obstacles, reasonable
progress has been made in developing equipment which will meet
performance requirements. Several approaches have been considered
to adapt or shield system components for operation at depth in

the ambient pressure, temperature, contaminants, and corrosive
action of sea water.

The adaptation of machinery systems tc perforin useful work !'

SYSTEM ALTERNATIVES
SEA-WATER FLOODED

be specifically designed to operate directly in the ocean

environment. Advantages of this approach are that (1) a light
machinery structure can be used; (2) a supply of machinery -
fluid is readily available; (3) dynamic seals are not required; ’
and (4) good use is made ,f the ocean as a heat sink. Bearing 1
configurations must be sea-water lubricated. Thus, this approach } '
is limited to machinery systems where the corrosive, abrasive,

A machinery configuration which is open to sea water must } i

poor lubricating, and conductive electrical properties of sea
water can be tolerated.

3
ENCAPSULAT ION ‘] ‘

Protection is achieved by completely surrounding components : v
with a massive amount of material (such as epoxy resin). This :
technique is used by the electronics industry as a standard : ‘
procedure for shielding components and circuitry from a moisture-
laden environment. For applications in sea water at high
pressuse, a massive encapsulation which provides adequate
environmental protection and electrical insulation will unfor-
tunately be a good thermal insulator as well., Not only is heat
transfer a problem, but the sealed component materials in

contact with degradation products present a materials compati-
biligy problem (see DOT Electrical Insulaticon Materials Hand-
book”?) .

HARD SHELL

This is a configuration whereby equipment is enclosed in a
thick-walled, hermetically sealed case so that components
operate in air or an inert gas at atmospheric pressure. The

spherical or rib-stiffened cylindrical enclosure must be capable
of sustaining test or "crush depth,” which is nominally one

9Superscripts refer to similarly numbered entries in the
Bibliography, chapter VII.
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and one-half times the vperating depth of the vehicle. Since
a hard shell must be opened for inspection and maintenance, a
given design will involve flanges, bolts, and seals. This
increases system size, air transportable weight, and submerged
weight. 1In most cas=s, systems are already weight critical.

A hard shell concept also involves additional expense in that
high-strength steels or titanium must be used, with attendant
pressure-cycling tests for certification.

Except for shallow submeryence, this alternative is
considered impractical where rotating shaft penetrations are
required. Even if technoulogically feasible, frictional losses
in "zero leakage" high-pressure shaft secals and associatced
thrust bearings would likely be prohibitive.

The penetration of a high-strength, thick-walled hard shell
to bring in or take out electrical leads is an additional
complexity. Moreover, heat removal is a significant problem.

All heat-generating sources must not only be tied firmly to the
interior of a hard shell, but must also be electrically insulated
from it. As in problems of encapsulation, electronic components
in this closed, in-air environment may incur materials compati-
bility problems. The previously cited DOT Electrical Insulation
Materials Handbook deals in depth with the ramifications of
several design approaches.

FLUID-FILLED, DEPTH/PRESSURE-COMPENSATED SYSTEM

To achieve corrosion and electrical protection and also
lubricate machinery components, a system may be filled with a
suitable fluid* and provided with a depth/pressure-compensating
device. Ambient external pressure is transmitted into the fluid
through a flexible interface such as a bladder, diaphragm,
bellows, or other devices. Differential pressures across enclo-
sure penetrations and the associated seals are minimal. Struc-
tural problems and enclosure weight are reduced. Static and
dynamic sealing concepts take on a unique design iequirement -
that of low-pressure differential seals functioning in a cyclic
high-pressure fluid environment.

Compensating fluid heat transfer characteristics are better
than those of encapsulating materials, or of air, as in the case
of the hard shell concept. System reliability may be enhanced
by selecting fluids which have qualities of inhibiting sea-water
corrosion. Thin-walled enclosures may be readily disassembled
for equipment inspection, trouble-shooting, or maintenance. To
adapt and protect machinery systems for operation in th= deep
ocean, a fluid-filled, depth/pressure-compensated approach has

*The term "fluid," as used in this handboonk, will include
all candidate compensating fluids with the exception of fresh

water and sea water.




been preferred. This handbook will then expand upon various ’
considerations in the design and maintenance of depth/pressure- ]
compensating systems. In accordance with original guidelines 1
for this task, the compensation of outboard batteries is not

specifically addressed. J
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CHAPTER I

DESIGN RATIONALE “ND COMPENSATING SYSTEM REQUIREMENTS

h.n 1.1 INTRODUCTION

. \
# B ~ It is evident that there has been significant his-
. L torical interest in deeper operating vehicles, whether

they be for scientific and research programs or for
military purposes. During the development of a DSV
design, a multitude of parameters must be manipulated to

- satisfy the specific needs of the desired vehicle.
T b b On the cne hand, an engineer will strive for equip-
| LN, ment designs which provide high power-to-weight ratios,
high reliability and efficiency, light weight, long
;{ life, and even low noise. But basic to all of these
1 considerations is that both power and auxiliary systems

are located external to the personnel capsule, directly
- in the ambient ocean environment. Usvally the rea-
\ ti soning behind this design approach is to minimize the
size of the pressure hull and to eliminate any mech-
B anical hull penetrations. Mounted outboard of the
E pressure hull, equipment enclosures also tend to be
- somewhat self-buoyant. The surrounding sea water affords
a virtually infinite heat sink. For a manned DSV, only
electrical control and display signals will penetrate
the spherical or cylindrical pmersonnel capsule. Inter-
nal space for the crew and essential equipment is con-
served. Moreover, external systems and components are

{' removable without compromise to pressure hull integ-
r - rity.
i" With the hard shell concept, components are not
N subjected to pressure cycling. Often it has been neces-

sary to hard shell electronic circuitry or other sensi-
tive components in order to obtain good stability and
; reliability. Depth/pressure-compensated hardware must
be adaptable and fully compatible with a cyclic, high~
¢ pressure-~fluid environment for all modes of operation.
_ l Due to the complexity of a given compensating system
: . ' and the associated fill, drain, and cleaning proce-

+ dures, a hard shell enclosure may be much simpler to
open and close. However, the designer must also con-
- : sider the weight and space penalty, frequency of main-
. : tenance, heat dissipation, etc, for the hard shell
' approach.

1 After considering various system design alterna-
tives, generally the most attractive approach is to
fluid fill and depth pressure compensate equipment
enclosures. Compensating systems, as used in deep

I-1




