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CHAPTER 1

INTRODUCTION

Purpose

The purpose of this project is twofold: to examine the
U.S. Navy's explosive ordnance disposal requirement for an
underwater system in support of mine countermeasures
operations, and to demonstrate the application of the
systems engineering process to this requirement. Normally
the final report of a conceptual study such as this would
be presented as a system specification. In order to
accomplish the objectives of this project however, this
paper is organized to follow the flow of the systems
engineering process from the definition of a need, through
conceptual design, to the preliminary allocation of design
criteria. The allocation of design criteria is conducted
as a part of préliminary system design. This methodology
documents the decisions at each step in the process and
provides an audit trail for the criteria established

throughout.



Caveats

A discussion of military requirements on the
unclassified level is by definition incomplete. Where
applicable, unclassified sources have been used and
extrapolated to provide necessary information, or a
particular topic has been noted but not discussed. This
provides a compromise between security requirements and a
thorough investigation of the requirement.

The conduct of a low-key investigation of possible
mining incidents is not an actual mission of the U.S.
Navy's explosive ordnance disposal forces. It was
established by the author for the purposes of defining
system requirements, based on observation of recent mining
incidents through the news media. While not unrealistic,
it is unlikely that the Navy would develop a system
primarily to meet this need.

The opinions and conclusions of this paper reflect
those of the author, and should not be construéd to reflect

official Navy policies or positions.



CHAPTER 2

DEFINITION OF NEED

Background

The U.S. Navy's explosive ordnance disposal (EOD)
community is an outgrowth of mine and bomb disposal
organizations which operated within the U.S. forces during
World War II. Unique among the services is the Navy's
required capability to perform the EOD mission underwater,
or on ordnance designed to function underwater, wherever

found. Specifically, the mission of naval EOD forces is:

"... to provide the Department of the Navy with the
capability for surface and underwater detection,
identification, render safe, recovery, field/laboratory
evaluation, and disposal of explosive ordnance which has
been fired, dropped, launched, projected or placed in
such a manner as to constitute a hazard to operations,
installations, personnel, or material."]

Requisite mission capabilities specifically include
the ability to operate in a nuclear, chemical or biological
environment; perform access techniques and EOD procedures;
and recovery and evaluation of enemy explosive ordnance for

EOD and intelligence purposes.?



Navy EOD forces are also required to maintain the
operational capability to provide EOD services necesséry to
the accomplishment of Navy mine warfare/mine counter-
measures operations and programs. This report will
investigate the naval EOD requirements for underwatér
systems in the context of mine countermeasures.

Although naval EOD forces are trained for and conduct
EOD operations in the land environment, they are the only
EOD forces which also perform this function in the
underwater environment. The problem of underwater mines is
significantly different from the problem of a generic piece
of ordnance which happened to land underwater. First, a
piece of ordnance meant to function on land, when located
underwater, poses a minimal threat to operations, and can
be either disposed of or avoided reasonably easily.
Additionally, the tamping effects of water tend to reduce
the damage to be expected, and facilitate demolition of the
object where it sits. This "blow in place" procedure is
one of the least hazardous of EOD procedures (all things
being relative), and is desirable when possible.

Mines, on the other hand, are intended to be hazardous
when placed underwater, and are occasionally mixed within a
mine field such that some are set to detonate with a very
small movement or change in the magnetic or acoustic

environment specifically to harrass mine clearing forces



and make the field more difficult to neutralize. This
makes EOD procedures on mines one of the most dangerous of
EOD situations, exacerbated by the routine hazards and
limitations of the underwater environment.

A further complicating factor in any analysis of
threats is terrorist action. The mining incidents in the
Red Sea and the Persian Gulf demonstrate the ability of a
modestly equipped group or nation to use anti-shipping
mines for their own purposes. The difficulty of these
situations will be explored to more depth within this
report, however an immediate complicating factor is the
desire, for both military and political purposes, to
identify the type and origin of mines used in this manner.
This is a very dangerous and complex EOD problem, and will
therefore be used often in defining requirements for the
underwater EOD system. It is generally safe to assume that
a terrorist, in placing mines, is interested in impact on
world press and events. This makes anti-submarine mines an
unlikely option because the target is military, and covert.
It is very difficult to mine for a submerged submarine, and
if you get one, it is entirely possible the cause will
never be known. Thus denying the terrorist the impact on
the world which he presumably desires.

Terrorist use of anti-shipping mines, both bottom and

moored, is feasible and may provide the impact desired.



Generally it is reasonable to expect that this use of mines
will be conducted with mines designed for standard military
purposes, both because they are available, and it takes
some effort to design a mine which will sink or severely
damage a ship. This is actually fortunate because it
provides a definable threat.

A moored contact mine, while presenting its own
challenges, is generally easier to counter with normal
mine-countermeasures forces because it must be placed at
such a depth that it comes in close proximity to a ship's

hull. Therefore it is easier to detect and render safe.

Current Situation

The U.S. Navy has recently released a specification
(Naval Sea Systems Command, PMS 407 specification number
89-001) for an underwater remotely operated vehicle known
as the multi-mission, underwater remotely operated vehicle
(MMUROV). The MMUROV is intended to meet requirements for
communities within the Navy in addition to those of the EOD
forces, hence multi-mission. This paper will examine only
the EOD part of the requirement. The MMUROV is intended as
a non-developmental (NDI) item procurement, meaning it is
intended to use off-the-shelf components for the system, to

reduce cost and developmental time. Based on recent naval



experience with commercial ROV's in the Persian Gulf and a
review of manufacturers literature, a maximum service life
of ten years can be expected for these units, which are
scheduled into service between fiscal years (FY) 1990 and
1994.3 This implies that either a follow-on system will
enter service from the years 2000 to 2004 or a re-order for
replacement MMUROV's will be placed. Because of the long
lead-time associated with military procurements, it is
reasonable to commence work on the requirements for the
follow-on system now. This project will examine that
requirement, using the systems engineering methodology
delineated by Blanchard and Fabrycky (1981).

Because of the continuing technological improvements
in all areas of underwater systems, and particularly in
signal processing and computer capability, this project
will proceed on the basis that a replacement system will be

developed, rather than continuation of the MMUROV.
Need Statement
TherProblem
For the purposes of this paper, the threat (and

requirements origin) then becomes a military anti-shipping

mine, bottom or moored, available to a third world or



terrorist type opponent. It can be placed for either
conventional military purposes or in a misguided attempt to
gain notoriety or affect commercial shipping. One of the
primary impacts of defining the problem in this manner, is
that the operating depth of the underwater system can be
defined as 600 feet because the limit of the continental
shelf is at approximately the 100 fathom curve (600 ft
depth). It is very difficult (although not impossible) for
even a militarily advanced nation to set anti-shipping
mines at this depth, much less deeper. The third world

mining threat is safely assumed to end at this depth.

Scenario

An EOD detachment, which possesses the required system
within its standard inventory, is notified of the
possibility of mining in an area of interest to the United
States. Because of the political considerations and the
uncertainty of the true situation, it is not desired that
conventional U.S. mine countermeasures (MCM) forces be
deployéd to the region until mining is confirmed and the
people of the host nation have been notified of the
situation. The host government has, however, requested the

aid of the U.S. in determining the extent and magnitude of

the problem.



The Need

The explosive ordnance disposal community requires a
system which can be used to locate or reacquire, identify
and mark (if within diving depth) or neutralize an anti-
shipping mine in water depths to 600 ft. The system must
be deployable and operable by a four man EOD detachment,
low profile enough to be deployed in advance of
conventional mine countermeasures forces. It must be
employable from indigenous craft throughout the world, or
from small craft which can be airlifted to an area of
operations, then trailered to the coast. A support craft
size of 30 feet or greater is anticipated.

During the use of the system a stand-off of the
support boat from the suspected mine of no less than 300 ft
horizontally is required for safety purposes, to reduce the
craft's signature and in case of inadvertent detonation of
the ordnance.

Although the removal of a man from the immediate
vicinity of the mine is a primary factor in this
requirement, to be worth purchasing the system must
outperform a diver in all functions except the actual
render-safe of the mine for recovery and exploitation. The

ability of the system to perform a render-safe procedure
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other than blow-in-place is deemed too stringent a
requirement, but desirable if it could be achieved at

reasonable cost.

In summary, when employed against a suspected anti-

shipping mine to depths of 600 feet, the system must:

# reduce personnel explosure to ordnance hazards, and;
* locate/reacquire a mine-like contact

1 identify and mark the contact (if less than 180 ft)
t+ identify and neutralize (if greater than 180 ft)

I be operable with a low profile in the operating area

1 be operable by a four man detachment, from local craft

This capability is neither resident within, nor

projected for, the EOD inventory before the year 2000.



CHAPTER 3

CONCEPTUAL DESIGN AND FEASIBILITY ANALYSIS

Needs Analysis

Constraints

U.S. Naval explosive ordnance disposal forces operate
with a four man team as the basic unit. This number is
actually driven by the requirement to conduct diving
operations, rather than the number necessary to deal with a
particular ordnance threat. Regardless, for the underwater
system in question, the limitation exists that it be
handled and operated by a four man team.

The market, and therefore the driver for underwater
remotely operated vehicles, has been the oil industry. The
reduction in o0il prices reduced manufacturing and servicing
activities to subsistence levels.Y Therefore, although the
MMUROV can be expected to satisfy immediate requirements of
the community with NDI contracting, in order to capitalize
on advances in technology, the follow-on underwater vehicle
should be contracted for development specifically for the

military requirement. Although more expensive, this will

1
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serve the two-fold purpose of ensuring the best fit to the
requirement, and acting as an incentive for underwater

vehicle manufacturers.

Alternatives Evaluation

Several approaches have been taken to this problem by
mine countermeasures forces throughout the world. Options
include conventional MCM forces to include surface and
airborne minesweepers and minehunters, divers, manned
vehicles, marine mammals, and unmanned vehicles.

Conventional minesweeping and minehunting forces are
the units of choice when time permits their deployment, a
low national profile is not required, and recovery of the
ordnance for exploitation is not required. EOD forces
operating in conjunction with minehunting units can use
either underwater systems currently available, the MMUROV,
or this follow-on system to assist should mine recovery be
desired. However, these conventional forces do not have a
low profile, fast response option, and therefore will not
meet the requirement of this paper.

EOD divers, given the ordnance is shallow enough to be
within diving limitations (180 ft or less),5 can meet the
requirement defined here. However they are inherently

exposed to major risk during the process. Divers
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additionally have severe depth, time, and current
limitations which make the addition of an underwater system
very desirable.

The combination of a small forward- and down-looking
sonar and a dropped explosive, although not currently in
service use, could meet the low profile neutralization
requirement, but not the identification and exploitation
requirements.

Manned underwater vehicles could be used, but are
inherently expensive, do not remove the man from the
ordnance location, and would be difficult to construct
with a low magnetic and acoustic signature as necessary to
safely approach a potential influence mine. Manned
underwater vehicles could be used as the support platform
for a remote vehicle which provides some offset from the
ordnance and significant covert capability once deployed.
An additional benefit is the reduced tether drag on the ROV
itself when deployed from a support platform at the
operational depth. This benefit, however, is offset by the
inherent cost, deployment prqblems and lack of an EOD
requirement for the totally covert potential of a system of
this type. The ROV is still estimated to have essentially
the same capabilities as one deployed from a surface craft
with a major increase in system cost, maintenance, manning,

training for use, and deployment bulk. In particular, the
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requirement to carry your own submarine is a significant
step above use of a locally procured or leased surface
craft. In general it would appear that a system of this
type has few advantages over conventional MCM forces.

Marine mammals can and have been used for location,
marking and neutralization of mines. For this particular
requirement they have been eliminated because of their
relatively large support requirements, high profile,
significant cost of procurement and the continuous training
required to maintain them in an operational status. The
system envisioned here would be positioned with various EOD
detachments worldwide, and rapidly deployable to an area of
interest. When exploitation of the ordnance is desired, a
diver must still perform the function. Therefore the
marime mammal option is good for some situations, but for
the low profile, "What do we have?" and "Where did it come
from?" problem they are less desirable than other options.

Unmanned vehicles, deployed or supported by small
surface craft, and operated by an EOD diving team, appear
to be the system of choice. There are several potential
configurations which can be used for the unmanned vehicle.
Tethered or untethered, free swimming or bottom crawling
are all possible.

Bottom crawling vehicles, to date, are large and

ponderous, and built for a particular application. A
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review of current systems6 indicates that, while feasible,
this configuration would result in a vehicle too slow and,
for stability and mobility reasons, too large to be
operated as envisioned in this requirement. For this
reason it is eliminated as an option. Towed vehicles have
the inherent problem of requiring the support vessel to
precede the sensor into the hazardous area. This is not a

preferred solution.

Preferred Approach

A free swimming vehicle, tethered or untethered, is
therefore the selected approach. The MMUROV will be a
tethered, surface powered, free swimming vehicle. This
follow-on vehicle, to be worthy of development must offer
greater capability than required for the MMUROV, in a
package of equivalent size. It is envisioned that
operational experience with the MMUROV will lead to
modification of this requirement. Until this experience is
gained however, when no grounds exist for change, the
desired capability requirements of the MMUROV will be taken
as the minimum acceptable. For discussion purposes this
system will be designated the follow-on underwater vehicle

(Fouv).
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System Operational Requirements
Mission Definition

A typical mission, as envisioned in this requirement,
will include all operational phases of an EOD response to
include search, detection, identification/classification,
field evaluation, render-safe procedures, recovery,
disposal and report of explosive ordnance.’ For the
purposes of requirements specification, including transport
and packaging needs, the full mission scenario will be
developed from notification through deployment, operation
and re-deployment. The actual system use will be described
through each of the operational phases of the problem and

will be described through a system operational profile.
Deployment

When the EOD detachment is notified of the problemn,
transportation and support availability are reviewed. The
FOUV is packed forAshipping with all peripherals.and
additional systems: precise navigation, ordnance 1lift,
portable forward looking sonar (note: this system does not
currently exist in the EOD inventory, but is recommended as

the subject of a separate specification), diving,
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demolition, and pinger location. The exact composition of
the unit equipment will be determined by the detachment
officer-in-charge based on the mission conditions. For
this scenario, commercial air transportation has been
selected as lowest profile, so the detachment equipment
must be packaged for rough handling during air shipment.
Upon arrival in the area of interest, the equipment
remains packaged for truck transport and storage while the
team locates berthing, a support craft, and required
supplies (fuel etc.). Once required support is located and
organized, the team equipment is set up and checked out for
operation. Precise navigation peripherals (if GPS or a
similar system is not used) are set up and operationally

tested.

Search/Detection

The search phase of the operation will commence with
the team's equipment loaded on a small boat and departure
from the port of operations for the initial search position
(estimated ordnance location or suspect area). Operational
set-up of the FOUV system on the support craft is to take
no more than 30 minutes. Efficient underwater search by
EOD divers requires thirteen men, including one EOD officer

and six diver/technicians.8 This size unit is nominally
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capable of search and clearance of two acres per day,9 but
these figures are very dependent upon water depth, clarity
and environmental conditions (i.e. current, temperature,
marine life etc). When large areas are to be searched and
conditions are favorable (relatively smooth bottom and
mines proud of the bottom), a sonar search is normally
employed. The current equipment available for this mission
includes side-scan sonar. Because a side scan sonar is
towed, its use in an area of suspected mining is less than
optimum and assumes the target for influence mines is a
large (high signature) vessel. Hence the desirability of a
small, portable, forward-looking sonar for a scenario such
as this is clear. A forward-looking sonar, with a nominal
sweep width of 200 yards (100 yards to either side) coupled
with the system envisioned in this requirement will permit
search at speeds of four knots through the water. In
addition it allows vectoring of the FOUV to investigate
contacts estimated to be mine-like.

The ability to investigate a contact at 600 ft depth
and return to the support craft in 15 minutes would be a
significant improvement over present capability. This
requires a launch, dive, locate, investigate, deploy
payload and return for recovery (if necessary) cycle time
of less than fifteen minutes for the FOUV. Alternatively,

the FOUV could be designed to remain in the water and stay
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in the vicinity of the search craft during the conduct of a
four knot search. The ability of the FOUV to be towed or
housed alongside the search craft in the water would
eliminate the the need for continuous launch and recovery
of the vehicle except for payload replenishment. Use of a
small cage or attachment point for the FOUV, which will
allow it to be towed by the craft while searching, is
allowable within this requirement. The FOUV's systems can
be placed in stand-by to conserve energy during towing if
necessary.

A six hour operating cycle (eight hour day, with one
hour transit to and from the search area) is envisioned.
With extremely high contact density, this could require
four dives per hour to a maximum of 600 ft (i.e. 24 dives
per day). The cycle referred to here is the most rigorous
envisioned. For the scenario given, the search would
terminate when a mine was located either within diving
depth or properly exposed to permit photographic
identification through the FOUV's video system. At this
point the location of the mine would be marked and
recorded. Marking will be done by the FOUV itself through

deployment of a pinger or transponder for relocation.
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Identification/Classification and Field Evaluation

The identification phase may require a 360 degree
video look at the mine with sufficient resolution to
perceive and count objects the size of bolt heads (1/2 inch
in diameter). This investigation will be conducted from a
nominal distance of one meter from the mine. The
resolution of the video opties, and the magnetic and
acoustic signatures of the FOUV must support this
requirement. This video reconnaissance may be followed by
a diver mission, additional research, or the decision to
deploy the FOUV neutralization payload to render the mine

safe in place.

Render-Safe Procedure and Recovery

With the objective being to recover and exploit a
mine, if possible, the next step depends significantly upon
the depth of the mine and the environmental conditions. If
the depth and conditions allow EOD procedures to be
conducted by divers, and with necessary research complete,
a diver will perform the render safe procedure and attach a
lifting balloon. The mine will then be towed to shore for
exploitation. If video imaging adequate to identify the

mine type, form of activation, and country of origin has
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been obtained, and diving operations are not possible or
safe, the mission may be terminated through employment of
the FOUV neutralization charge. If mission requirements
have not been met but recovery and exploitation of the mine
is not possible, it would most probably be destroyed in
place. This would be accomplished through placement of a
neutralization charge by the FOUV. The mission would then

continue with further search for an exploitable mine.

Redeployment

When the mission objective is met, the equipment will
be safed and readied for travel. It is then replaced in
its shipping container, trucked to the commercial air
terminal, and air freighted back to the detachments home
location. The UV must be designed such that placing it in
a safe condition for travel, including removal of
batteries, de-fueling if required and repackaging can be

accomplished in one hour or less.

Mission Profile

The mission profile for the employment phase of a

typical mission is portrayed in figure 1.
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Performance and Physical Parameters

Weight

It is likely the system will be deployed on small
support boats of opportunity and loaded in remote areas.
The loading and set up will be done by the four man EOD
detachment without guarantee of mechanical loading
assistance. Therefore, the complete FOUV system (including
generator, but excluding payloads) shall weigh less than
2000 1bs10, with each individual component to be placed on
the support craft weighing less than 400 lbs (except
generator). It is highly desirable that the vehicle with

payload weigh less than 300 1lbs (250 1lbs vehicle weight).

Size

The size of display and electronics cabinets, shall be
as functionally necessary to meet the capabilities of this
requirement, however, all cabinets and consoles shall be
capable of operation in a configuration with an individual
height of no more than four feet to allow stable placement
on the small craft. Racks for mounting several cabinets
and consoles will be provided to establish a foot print of

less than 24 square feet. If the previous two requirements
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are not met simultaneously, then conversion from one
configuration to another can take no more than 30 minutes.
The size of the FOUV underwater vehicle (UV) itself shall

not exceed:11

length - 6.0 ft (maximum)
width - 3.0 ft (maximum)

height - 2.5 ft (maximum)

Speed

The following parameters are designed for full
mobility in a two-knot current. Although it is not
required that the UV be capable of backing or side slipping
and making progress in the current, it is necessary that it
be able to conduct a 360 degree video reconnaissance of a
mine-like object in a two knot current at a depth of 600
feet with a horizontal (abeam) offset from the support
craft of 300 ft. This requires that the UV be capable of
holding position (hovering) at any current angle. If it is
necessary for the operator to turn the UV into the current
to progress upstream, this is satisfactory, as long as the
vehicle does not lose position over ground during the turn,
potentially forcing it to make contact with the ordnance.

The following speed requirements must be met for a full
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duty cycle (i.e. six hours of operation, four dives/hour to

maximum operational depth and horizontal stand-off) with

payload:

Forward

Reverse

Lateral

translation

Vertical

translation

Horizontal

rotation

Depth

-2.0 knots against a two knot current
-hover backing into a two knot current
-hover with a two knot current on the beam
or at any angle from 0 to 180 degrees port
or starboard relative to the vehicles

heading, with 30 degrees of pitch angle.

-1.0 knot up or down while making one knot

against a two knot current.

-30 degrees per second.

The vehicle shall be capable of completing its mission

while operating to depths of 600 feet of sea water. An

operational capability to 1000 feet of sea water is
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desirable. The vehicle shall be survivable to 1200 feet of

sea water in any event.

Stability

The vehicle shall be stable in all axes under all
operating conditions. While in autonomous or automatic
heading and depth modes, pitch, roll and yaw shall vary by
no more than + 5 degrees. The vehicle shall be stabilized
+ 5 degrees in pitch and roll such that the vehicle will
assume a level attitude when no power is applied. The
stability of the vehicle shall not be adversely affected by
deployment of the payloads.12 The stability of the vehicle
must be such that a high scan-rate sonar is capable of
maintaining a track on a contact while the vehicle is

enroute to the contact position at all current angles.13

Payload

The vehicle shall be capable of carrying simultan-
eously and deploying individually, on command from the
support craft, a payload consisting of a marking device
(pinger or transponder) of a size equivalent to the Dukane
37 kHz marking pinger, and a neutralization charge of 50

lbs air weight (neutrally buoyant until deployed).
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On Board Sensors and Ancillaries

The vehicle shall carry, as a minimum:

- a high scan-rate sonar

- a low light level video camera

- an underwater lighting system

- a tracking (navigation) transponder

- a leak detection sensor(s)

Buoyancy

The vehicle shall have a net positive buoyancy to
allow an unpowered ascent from maximum survival depth. The
vehicle shall incorporate a method for adjusting buoyancy
to permit operations in water with salinity from 0 to 37
ppt. The vehicles buoyancy shall not change with

deployment of either payload. 1Y

Magnetic and Acoustic Signatures

Magnetic and acoustic signatures shall meet U.S. Naval

specifications for operation within one meter of a suspec-
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ted mine. No additional definition of this specification

will be made to avoid discussion of classified information.
Human Engineering

Human engineering design criteria in accordance with
MIL-STD-1472C will be applied to all aspects of the FOUV
system, and in particular to the lay-out and displays of
the operators position. The entry requirements for the EOD
program are such that each technician can be considered to
have an education equivalent to one year of college.
Additionally they are screened for physical ability and are
well above average for military personnel in physical

fitness, mechanical aptitude and coordination.
Operational Deployment and Distribution
MMUROV System Time Phasing

The MMUROV systems for the EOD requirement will be

brought into service and retired as shown in table 1.
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Replacement UV Distribution

The follow-on underwater vehicle should be procured in
a larger quantity to provide adequate geographic
distribution and mission support. A requirement for 29
systems has been identified, 15 to be assigned to the units

and locations shown in table 2.

Operational Life Cycle

Phase-in and Phase-out

Entry into service will be phased to allow test of the
first two units at the training and evaluation units
(TEU's) the fiscal year before retirement of the MMUROV
will commence. Annual procurement is shown in table 1.

Upon completion of operational testing and initial
detachment training (to be conducted by the EOD training
and evaluation units) in FY 99, the system will receive its
first operational distribution with the eight units in FY
2000. At this point the FOUV system will be fully
operational, but with production and distribution
continuing through FY 2004.

Replacement systems will be shipped direct to the unit

retiring an MMUROV. Systems to fill the expanded
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TABLE 2

FOUV SYSTEM DISTRIBUTION

PACIFIC FLEET

Quantity

MU 5

DET GUAM

MU 1

(HI)

MU

w

(ca)

MU

(&)

(REP of

PHILIPPINES)

MU 9

(ca)

MU 11

(WA)

DL EIND] -

TEU 1

(HI)

—

ATLANTIC FLEET

DET EARLE (NJ)

DET GUANTANAMO (CUBA)

DET KINGS BAY (GA)

DET MAYPORT (FL)

DET NEWPORT (RI)

DET PANAMA CITY (FL)

DET ROOSEVELT ROADS (PR)

DET ROTA (SPAIN)

DET KEY WEST (FL)

MU 2

(VA)

MU 6

(sc)

MU 8

(SICILY

)

MU 4

(FL)

TEU 2

(Va)

TOTAL

29
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requirement will be shipped to the EOD groups for
distribution based on the current situation in theater,
maintaining roughly equal inventories in the Pacific and
Atlantic fleets.

The increased quantity of UV systems over the MMUROV
is driven by the requirement to maintain system
proficiency, and the need for the system in routine
underwater search, MCM exercises and other EOD operations.
In order to keep down the total cost of the system, and
because of the increased distribution and number of systems
in service when fully deployed, the decision has been made
not to procure entire systems for shipping and maintenance
spares. The two systems at the EOD TEU's provide
immediately available operational spares, and FOUV systems
can be "borrowed" from other detachments if high priority
operations so require.

Phase-out will parallel phase-in based on a ten year
service life, with the test and evaluation models of the
replacement system to be delivered in FY 2009. Therefore
the number in service will remain at 29 until commencement

of system retirement in fiscal year 2009.



33

Utilization Requirements

When deployed with an operational EOD detachment,
system utilization can be expected to be a mix of training
requirements, routine underwater search, miscellaneous
ordnance problems, MCM exercises and actual MCM situations.
The EOD community is moving toward more specialized
detachment responsibilities, but even with this change the
range of skill requirements required of the individual EOD
technician is extremely broad as is the variety of
equipments and tools used. This limits the training and
familiarization time available for any particular system,
as well the time available for pre-operations set-up, tear-
down and maintenance. The estimated annual usage of each
FOUV system is derived below.

For three quarters of the year, usage can be
approximated as: Months 1 and 2 -- two days of training
use, two dives per day, of 1.5 hr duration each dive (2d x
2D x 1.5hr = bhrs, four dives); month 3 -- one MCM
exercise, four days duration, six dives per day, average .5
hr duration (4d x 6D x .5hr = 12 hrs, 24 dives).

The final quarter of the year the two training months
will be the same, but instead of the exercise, an operation
will be conducted. Month 3: one MCM operation, four days

duration, 24 dives per day, average .25 hr duration (4d x
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24D x .25 hr = 24 hrs, 96 dives). System summary usages as
shown in table 3 include annual operating requirements of
108 hrs, 200 dives. A longest projected operating period
includes 96 hrs, with 24 hrs in the water. Up to 30 days
on-the-shelf time between operating periods can be
expected.

Time available for system set-up and operational

checks is:

- set-up after transport 1 hr
- daily pre-mission checks .5 hr

- daily post-mission maintenance (wash down) .5 hr

On average the system will be packaged for airlift,
transported and operated, then repackaged and transported
back to home location four times annually (eight packagings

and return to operational status).
Effectiveness Factors

Please note the use of bold face to indicate mean
effectiveness factors (instead of a line over the symbol)
within this paper.

To be useful and effective in the projected operating

scenario and environment, the system must have very high
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TABLE 3

PROJECTED ANNUAL OPERATIONS CYCLE

ANNUAL
MONTH ABCABCABCABDTOTAL
PACKAGINGS[ O] O|2]|0f0|2]|]O0]|]0O0]2]|]0]J0]2]| 8
OPERATING | 2 | 2|4]|2]|2|4]12]|2|4]|2]|2]|4 32
DAYS
DIVESY | 2] 2]|6]12]2]6[2]2]|6]2]|2]24] NA
DAY
DIVES/ 4 1412414401244 |4124|4]4|96]| 200
MONTH
AVGDIVE J15]15] .5 |15]15] 5 |1s5]15] 5 |1.5]15].25 N/A
DURATION
OPERATING | 6|6 [12] 6 | 6 |12] 6| 6]12] 6| 6 |24 108

HOURS




36

reliability, very low maintenance requirements and rapid
repair time. A mission should be completed 98 per cent of
the time it is commenced. The maximum acceptable mean
corrective maintenance down time (MDTc) is .5 hours. No
external logistics support at an operations site can be
expected to help satisfy this requirement. Only one system
will be on scene. Therefore, the field spares kit must
contain all parts likely to fail and swap-out of assemblies
or modules is the most corrective maintenance that can be
expected. This is particularly true in the expected small
boat operating environment. The weight of the spares kit
is included in the overall weight allowance for the system
in its operational configuration. Transit back to the
operating harbor will result in unacceptable delay in

operations.

Operational Effectiveness Factors

Required mission reliability (Ro) of the system = .98
where mission reliability is defined as Ro = successful
missions/attempted missions. A mission is launch, target
acquisition, approach, surveillance, payload delivery,

return to support craft and recovery.15
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Corrective Maintenance Effectiveness Factors

For the system at the organizational level, the

required mean corrective maintenance downtime (MDTc) = .5

hrs, where:

(3.1) MDTc = Mct + LDTc + ADTc

‘Mean corrective maintenance administrative downtime
(ADTc) is defined as zero, and mean corrective maintenance
logistics downtime (LDTc) must have a value of ten minutes
or less. Mean active corrective maintenance time (Mct)

therefore has a maximum value of 20 min (.33 hr).17
Organizational Logistics Effectiveness Factor

For the system during field operation, LDTc must have
a mean value of ten minutes or less. The contractor will
design the field parts-support kit to include necessary
modules and assemblies to prqvide this level of response.

Environment

The system shall be capable of reliable operation and

performance as specified above while being subjected to the
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natural and induced environmental conditions listed

below. 18

Temperature Range

The system must endure storage temperatures from -400C
to T10C, including situations where the equipment is
subjected to temperature changes from one extreme to the
other, and including the transportation configuration. The
system must endure operating temperatures from - 180C to
500C, except that in-water temperatures will range from 00C

to 450C.

Humidity

The system shall maintain specified performance when
exposed to relative humidity of 95% at 500C (non-
condensing) and 50% at 200C (non-condensing).

The system shall also maintain specified performance
under conditions wherein condensation takes place in and on

the equipment in the form of water and frost.
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Salt Fog

For an exposure period of 96 hrs, in both operating
and non-operating condition, the system shall maintain the
specified performance when exposed to a 5% by weight
aqueous solution of sodium chloride with a specific gravity
of 1.029 to 1.030 at 350C, with a concentration of 2.8

liters solution per .28 cubic meters of air.

Vibration

The system, when assembled in its operating
configuration shall be capable of operation during and
after exposure to vibration in all three axes, for a period
of two hours, at the resonant frequencies determined by the
test specified in MIL-STD-167-1, Paragraph 5.1.3.3.1.

When packed in its shipping containers the system
shall withstand exposure to transportation vibrations in
all three axes at the levels and durations specified in

MIL-STD-810D, Figures 514.3-1, 514.3-2, and 514.3-3.

Hydrostatic Pressure

Any part of the system that is exposed to external sea

pressure while in normal operation shall be capable of
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withstanding hydrostatic pressure equivalent to 1200 feet
of sea water without physical or electrical damage and
without allowing leakage into the pressure hull. This
requirement applies to the vehicle and all vehicle
subsystems such as lights, sensors, sonar, camera, payload

release mechanism and tether (if existing).
Altitude

The system shall operate after being exposed in the
transport configuration to an altitude of 50,000 feet above
mean sea level.
Electromagnetic Interference (EMI)

The system shall not interfere with other shipboard
equipment, shall not be susceptible to EMI onboard ship,
and shall comply with the requirements of MIL-STD-461, for
Class A4 equipment.

Transit Shock

The system in its shipping configuration shall satisfy

its performance requirements after being subjected to
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transit shock levels (one drop in each of three axes) as

shown in table 4.

Solar Radiation

The system shall satisfy operating performance
requirements after being subjected to solar radiation at a
test temperature not to exceed 500C with a solar radiation
intensity of 1120 W/m2, with a test duration of ten 24 hour

cycles as defined in MIL-STD-810D, figure 505.2-2.

Maintenance Concept

The operating concept and environment, combined with
the limited manning within the EOD community and individual
EOD detachments, place severe limitations on the time and
manpower available for maintenance. No additional manning
within the EOD community is envisioned to support either
the MMUROV or the FOUV. The maintenance policy envisioned
for the FOUV is very similar to that of the MMUROV.19 1In
general, only two levels of maintenance are envisioned:
organizational and depot. All organizational maintenance
will be performed by the using detachment with a skill
level of E-5 (Second Class Petty Officer) from the ordnance

ratings. The possibility exists at this stage to use
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hydraulic thrusters for the FOUV. Should this be the final
design, it is anticipated that the intermediate maintenance
on the drive system would be purchased from the Naval Air
Systems Command through naval air rework facilities, due to
their extensive experience with hydraulics.

Depot maintenance is expected to be performed by a
contractor through repair and overhaul agreement with the
Ships Parts Control Center (SPCC). Initially, two depot
facilities are envisioned: one east coast and one west
coast. Parts and assemblies requiring repair between
overhauls must be procured in sufficient depth to permit
change-out by the detachment on site, and shipment of

damaged components to the applicable depot.

Organizational Maintenance

Preventive

Organizational preventive maintenance will be limited to
pre-operational functional checks of system operation using
built-in test equipment (BITE), physical inspection of
hardware and cabling, wash down and painting.

Fluids/filter checks and replacement, or lubrication are

permitted if required.



Corrective

Organizational corrective maintenance will consist of
troubleshooting with built-in test equipment, fault
isolation, and module or assembly replacement from field

spares kits.
Depot Maintenance

Preventive

Depot preventive maintenance will consist of periodic
system overhaul initially set at three-year intervals
pending additional failure rate information.
Corrective

Depot corrective maintenance will consist of module
and assembly troubleshooting, fault isolation, repair and

test, with the defective module/assembly repaired and

replaced in service or discarded as appropriate.
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Preliminary Systems Analysis

and Conceptual Design Review

The intent of the preliminary systems analysis in the
systems engineering process is to review various means by
which the system requirements can be met, and through a
review of current and predicted future technology determine
the specific approach most appropriate for the occasion.20
The conceptual design review provides an audit of the
proposed system design against requirements and documents

design decisions with their rationale.?2]

Tethered vs. Untethered

One of the driving factors of the requirement
developed in this paper is the need to exploit any mine
located for technical and political purposes. This
requirement leads to the desire to recover at least one
mine where possible. Developing the ability to carry out
the search and recovery while maintaining a low profile in
the operations area, limits the alternatives available to
satisfy the requirement.

Previously, the decision to proceed with a free-
swimming vehicle was made. However, to continue the

process, a determination must be made on the desirability
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of a tether. The primary advantage gained from the ability
of a vehicle to operate without a surface tether results
from the reduced drag. Based on previous‘investigation by
the author, 75-80 % of the drag on a vehicle can be due to
the tether. Vehicles without tethers can be autonomous,
programmed to make a decision and take some action, or
semi-autonomous. The semi-autonomous option would perform
some functions independently and receive guidance for
others, but it requires a through-water communications
link. ©Under conventional mine clearance conditions, i.e.
an area is mined and the intent is to make it safe for
surface vessel traffic, an autonomous vehicle offers some
advantages. It is conceivable that an autonomous vehicle
could be programmed to recognize mine-like contacts and
deploy a charge to neutralize all those found. There is
significant practical and technical risk in pursuit of this
option, however.

In this situation the intent is to recover the mine if
possible. Consequently it is necessary for a knowledgeable
individual to determine whether enough photographic
evidence had been éccumulated on a particular contact to
establish classification, origin and firing type.
Additionally, the feasibility of recovery based on
identifying characteristics visible on the contact and

conditions on scene must be determined. For this reason, a
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man is required in the decision process. Although an
autonomous vehicle could be programmmed to relay video data
acquired, this would require a through-water communications
link, which negates the benefit of a fully autonomous
vehicle.

A semi-autonomous system is a potential solution to
this requirement. The disadvantage of a semi-autonomous
vehicle comes from the requirement to communicate through
water between the surface support platform and the vehicle.
Various solutions to this problem are currently under
investigation, including acoustic data links and lasers.
Acoustic data links have the capability to carry sufficient
data for a real time video channel and mission directions
to the vehicle. 1In fact this capability currently exists
at the Naval Ocean Systems Center in San Diego. The
comments of Mr. Ron Wallrod of General Dynamics (a design
engineer on the AUSS project) in a telephone interview
March 15, however, indicate that the vagaries of sound
propagation through water make this an undesirable solution
for a mission essential link. The use of lasers,
particularly in the blue-green frequency spectrum, has
promise, but with drawbacks in murky water (part of the
projected environment), and because of the eye hazard to

personnel due to surface scattering.22
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For these reasons, the decision at this point is to
pursue a tether to provide a firm communications link to
the vehicle. The systems engineering process is iterative
by definition, so this decision can and should be revisited
if the tethered option proves too limiting to meet mission
specifications or a break through occurs in through-water
communications. The FOUV system is now established as a

remotely operated vehicle (ROV).

Operating Position Relative to the Mine

Because the amount of tether drag to be overcome is
partly a function of the amount of tether deployed, the
question of position with respect to the object under
investigation directly affects the projected thrust
requirements of the FOUV. The previously stated 300 ft
(100 yd) horizontal stand-off is a compromise between total
safety (which can demand very large stand-off ranges) and
operational feasibility. It is based on explosive effects
on surface vessels and trends in mine sizes, and is
accepted as a minimum in current requirements.23 It will
continue to be used here. For analysis and specification
purposes, the most demanding positioning situation is used.
That is, speed and operational requirements for the FOUV

must be met while investigating a contact at maximum
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operational depth, at maximum horizontal stand-off, with
the contact abeam of the support craft. Figure 2
illustrates this relationship. Because of the uncertainty
associated with a chartered craft and unknown ordnance, it
would be highly desirable if the FOUV could operate from a
stand off range of 600 ft (200 yds), but calculations will

continue based on the required 300 ft.

Vehicle Speed

The speed requirement for the FOUV is drawn from two
factors, the time allowed to investigate a contact and the

currents in the operating area.

Contact Investigation

For the selected operating position with a 300 ft
horizontal offset and 600 ft depth, the slant range to the
target is 671 ft (224 yds). The round trip is therefore
.22 nautical miles. Using a low speed while maneuvering in
the vicinity of the ordnance, and allowing time for vehicle
maneuvers to investigate the contact, a minimum of 5
minutes is estimated in the target vicinity, allowing 10
minutes for transit out and return. Using our scenario and

stated requirement to investigate a contact and return to
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SUPPORT SHIP AND ROV ARE GEOSTATIONARY
CURRENT ACROSS THE TETHER IS V¢

SCOPE
=3 XS.R.
=2013FT

300 FT
GRID ORIGIN IS THE ROV REQUIRED X =0 (ABEAM)
© POSITION  Z=DEPTH (-600 FT)

Y = OFFSET (-300 FT)

FIGURE 2. OPERATING POSITION RELATIVE TO THE MINE



51

the support craft in 15 minutes, a speed across the bottom

of approximately 1.5 knots is required.

Current

Because the FOUV will be employed world wide,
primarily in harbors or shipping channels, it is not
possible to fully define the operating parameters for all
locations. A report produced for the Naval Explosive
Ordnance Disposal Technology Center by the Naval
Oceanographic Office2l on currents in 27 ports of the
United States (both east and west coasts) shows that 52 %
(14 of the 27) have an average current less than two kts
over 80 % of the time, and 81 % (22 of the 27) have an
average current less than two kts over 38 % of the time.
Even the five ports (18.5%) with highest currents have a
mean current less than two kts over 20 % of the time.
Accepting this information as a representative sample, the
requirement for mobility in two knots of current is
reasonable.

Combining this requirement with the 1.5 kts over the
bottom needed for the investigation, and allowing a small
margin, the ability to make two knots against a two knot

current becomes the minimum acceptable.
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Payload Size

Details of mine neutralization charges used by the
U.S. Navy are classified, but the mine neutralization
charge designed for use by an Italian ROV weighs 44 Kg (97
lbs) in air.25 This requirement calls for a neutralization
charge of 50 1lbs air weight. Such a charge is hypotheti-

cal, but reasonable.

Vehicle Weight

Because the vehicle itself is intended to be launched
and recovered over the side of commercially available craft
of relatively small size, it is essential that it be light
enough to be handled by two men. The vehicle is to weigh
no more than 250 lbs (300 lbs with payload). It is highly
desirable that it weigh less than 200 1lbs.

Based on a review of The Undersea Vehicles Directory

and manufacturers literature, this is currently feasible
for a surface powered vehicle, but questionable for one

with power provided by onboard batteries.
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Vehicle Drag

A review of vehicle power requirements will depend
upon propulsion power usage plus usage for sensors and
ancillaries. Propulsion requirements are primarily
dependent upon the hydrodynamic drag experienced by the
vehicle and its tether at the specified operating position.
For the vehicle itself, the drag will be estimated using
pressure drag on two current ROV's, which represent
potential prototypes for the FOUV: the Gaymarine "Pluto"
and the Honeywell Hydro Products "RCV 425". These vehicles
were chosen because they represent the approximate size
range; with one powered by onboard batteries in two
configurations, and the other powered from the surface.
Both are close to the MMUROV specification for speed and
they are representative of current man-portable MCM ROV

capabilities. Vehicle drag can be estimated as:

(3.2) Drov = 1/2 rho v2 A Cq

Using 4 kts as the velocity of the fluid over the vehicle
(2 kts in a 2 kt current) v2 = 45.64 fps2. Density (rho)

for 590F sea water is 1.9905. "A" is the frontal area of
the vehicle and Cq is derived based on vehicle appearance.

Results are as follows.
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For PLUTO, frontal area is approximately circular, 1
ft radius or 3.14 sq ft. Because it is a flat nosed
vehicle, with a fineness ratio (1/d) of approximately 5, a
Cq of .8 is used.26 Hence, Dpluto = 1/2 (1.9905) (45.64)
(3.14) (.8)

For the RCV 425, frontal area is approximately an

114.1 1bs.

ellipse, with dimensions a and b of 1.6 ft and .96 ft and
area of 4.9 sq ft. A much smoother vehicle, an
approximation of Cq based on a fineness ratio (1/d) of 1.5
and a rounded nose cylinder27 yields a Cq of .2. But
because of the addition of a crash frame and payload, a
more conservative C4 of .5 is used. Therefore, D(prcvi25)
= 1/2 (1.9905) (45.64) (4.9) (.5) = 111.3 1bs.

Given the above, vehicle drag will be approximated as

115 1bs.

Tether Drag

Because of the difficulty of computing hydrodynamic
drag in a dynamic situation, a steady state case must be
used to approximate the drag. Hydrodynamic drag on a cable
(the tether) in a current at steady state can be estimated
using a computer model (CABLE 3 PC) developed by Mr.
Richard Knutson of the David Taylor Naval Research and

Development Center.28 Using this model, at the required
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operating position and current velocities of 2, 3, and 4
kts, the tether diameter versus hydrodynamic drag graph
shown at figure 3 was developed. Examination of the figure
leads to the conclusion that use of a steady state drag for
three knots is a reasonable approximation for the situation
wherein the vehicle is making two knots against a 2 kt
current.

Two basic ROV configurations are to carry both power
and intelligence through the tether, or provide power on
board the vehicle with intelligence through the tether.
When both power and intelligence are provided through the
tether, it has a diameter of .5 inch for both Pluto and the
RCV 425, as well as numerous other small ROV's. When only
intelligence is transmitted through the tether, and a fiber
optic cable is used, a diameter of .1 inch is currently
feasible. Although it is reasonable to assume that the
capability to pass more intelligence over less cable will
develop in the next ten years, a certain minimum amount of
tether strength, with its attendant strength member, will
still be desired. 1In order to maintain a nominal tether
strength of 300 1bs this project will use .1 inch and .5
inch as representative diameters for the two potential

configurations of FOUV tether.
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Figures 4 and 5 show the results of a steady state
analysis using the CABLE 3 PC model for tethers of .1 and
.5 inch diameter, in a three knot current, at the required
operating position. The axis convention of this model is
as shown in figure 2. Those drag results in pounds are:
for a .5 inch tether, Fx = 270.5, Fy = 14.45, Fz = 29; for
a .1 inch tether Fx = 52.6, Fy = 2.8, Fz = 5.6

These results will be used in conjunction with vehicle

drag to examine the power requirements of the FOUV.
Power Requirements
Propulsion Power
Two methods for estimating the power required to
produce a given thrust will be used and the results will be

compared. Based on a review of the thrust and horsepower

figures of The Undersea Vehicles Directory, Mr. Guy Santora

of the Naval Coastal Systems Center, Panama City, Florida
developed a thrust to horsepower relationship of 46.6 lbs
thrust per horsepower.29 The author's previous work on
tether drag in an analogous situation produced the result
that approximately 80% of the drag on the tether is in the

forward axis.
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Also based on a review of current vehicles and
literature from Innerspace Corporation (a thruster
manufacturer), another reference30 concluded that a small

high performance thruster develops thrust equal to:

(3.3) Thrust = 88 (HP)2/3

Applying both methods, thruster power required is shown
in table 5. Because thrust is such a limiting factor for
small ROV's, to be conservative the highest value in each
category will be used. That is, for a .1 inch tether 3.7
HP is required, for a .5 inch tether 9.2 HP is required.
Converting at .735 KW = 1 HP, power requirements are 2.7 KW
or 6.8 KW. With a conversion efficiency of .8, power

delivered to the thrusters must be 3.4 KW and 8.5 KW.

Other Power Requirements

An estimate of other power requirements is shown in
table 6.31 The power requirement for the vehicle itself,
in addition to thruster power, is approximately 2.2 KW.
The payload delivery system is not needed while the
thrusters are at full power (enroute to the ordnance), so
its requirement is noted but not used to compute maximum

power load.
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TABLE 5
ROV THRUSTER POWER REQUIREMENT

.1 inch .5 inch

tether tether

Drag (Fx) 173 1bs 386 1bs
Using 46.6 1b/HP 3.7 HP 8.2 HP
Using 88 HP 2/3 2.8 HP 9.2 HP
Highest, in KW 2.7 KW 6.8 KW
With .8 conversion 3.4 KW 8.5 KW

efficiency
TABLE 6
OTHER ROV POWER REQUIREMENTS
INSTRUMENT (52?%2)
video camera 12
lights (4) 1000
strobe 210
sonar-forward look, electronic scan 165
attitude sensors 50
subsea control processor 75
vehicle controllers-thrusters,camera 200
electronic cooling fans (2) 100
payload controllers 4 300
tracking transponder 100
total 2212
WORKING LOAD
payload delivery system 350
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Total Power Requirement

The total power required to the tether for the two
configurations under consideration, including both
propulsion and other power requirements is 6.2 KW for the
-1 inch tether and 12.9 KW for the .5 inch tether (see
table 7).

Power Feasibility

If power is provided from the support craft, either
from an installed generator, or a portable generator (which
would be part of this system configuration), 12.9 KW will
be required while the vehicle is in operation. This power
will have to be transmitted through a tether with a total
diameter of .5 inch. The RCV 425 now provides 12 KW
through a tether that size,32 although to accomplish that
it uses 1500 volt 400 Hz power. Use of a tether to provide
the necessary power is feasible.

If onboard power is used, with a fiber optic tether
used only to transmit information, the .1 inch tether
becomes feasible. This configuration, however requires
onboard power for a mission day. Under the most likely

usage scenario, this is 6.2 KW for three hours. For the
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TABLE 7
TOTAL ROV POWER REQUIRED

.1 in tether (intelligence Power

only) (KW)

instruments 2.2
main thrusters 3.4
vertical/lateral thrusters (.2 main) _.b
total 6.2
.5 in tether (power and Power
intelligence) (KW)

instruments 2.2
main thrusters 8.5
vertical/lateral thrusters 1.7
transmission loss in tether .5
total 12.9
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most stressful case, it is 6.2 KW for six operating hours.
Therefore the vehicle must carry onboard battery power of
6.2 x 3 = 18.6 KW-H, in the most likely case, or 6.2 x 6 =
37.2 KW-H for the most stringent case.

Power densities for the most likely batteries uéeable
in the required temperature range are shown in table 8.33
Note from the table that of the alternatives, the only one
which can satisfy even the lower (18.6 KW-H) work
requirement while using less than one half the allowed
vehicle weight is the lithium-thionyl chloride battery.
None of the rechargeable batteries are even remotely

feasible.
Systems Analysis Conclusion

From the feasibility review above, this study
concludes that it is possible to meet the operating
requirements with a tethered ROV, in the 200-250 1b weight
range. A lithium battery powered ROV is marginally
feasible, but probably capable of meeting only the three
hour mission requifement. Lithium batteries arebused by
the U.S. military in conjunction with man-pack radios, so
they can be constructed to meet military specifications,
although disposal and transport are problems due to the

hazardous nature of a damaged battery.
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100 1lbs of batteries would last for approximately
three hours of operation. With a change of batteries mid-
day, the six hours of full power operation required could
be supported. This would use 200 1lbs of batteries per day.
For the nominal four day mission, the team would load
approximately 800 1lbs of batteries. Considering that a
generator (potentially 1000 1bs) would otherwise be
required, and that the generator would be carried on the
boat continuously, as opposed to a one day battery supply,
this option has its attractions. However, it would require
EOD personnel operating in a high pressure and hazardous
environment to break a watertight seal on the ROV twice a
day, and at least once a day while in a small craft at sea.
Alternatively, the design of pressure and waterproof
batteries would be required. In either situation the
potential for flooding or failure of the ROV would be
substantially increased. For this reason, the battery

option will not be pursued at this time.



CHAPTER 4
PRELIMINARY SYSTEM DESIGN

This phase of the systems engineering process begins
with the technical baseline for the system and proceeds to
translate the established system level requirements into

quantitative and qualitative design requirements. 34
System Functional Requirements

A functional analysis of the FOUV system is displayed
in the functional flow diagrams of this section. This
analysis was conducted to the level necessary to establish
a preliminary packaging concept and system functional

breakdown.
Top Level Mission and Operational Functions
The system top level mission functions are shown in
figure 6. The top level function to "operate in a user

environment" was further broken down in the first level

operational functional flow diagram, figure 7.

67
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In order to achieve the level of specificity necessary
for preliminary functional packaging, the first level
functions of "transit to contact site" and "conduct
mission" are carried to second and third level functional
flows in figure 8. This resulted in adequate detail for
development of the system functional packaging scheme.

This scheme led to development of a system functional

breakdown as shown in figure 9.
System Maintenance Functions

The maintenance concept for the system envisioned only
organizational maintenance to be conducted by naval
personnel, with no intermediate maintenance, and depot
level maintenance performed by the manufacturer or other
contractor. Time allowed by the operations and maintenance
concepts is so restrictive that organizational corrective
maintenance is limited to quick swap-out of modules from a
field spares kit. The defective module is then sent to the
depot for repair. For this reason an analysis of gross
first level mainteﬁance functions was adequate to provide
background for the allocation of requirements. The first
level maintenance functional flow diagrams for "prepare for
deployment" and "prepare for employment" are shown at

figure 10.
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VEHICLE TETHER GENERATOR PILOT
SUBSYSTEM SUBSYSTEM SUBSYSTEM MODULE
PROPULSION = TETHER 1 GENERATOR —| PILOT DISPLAY =

UNIT
AUTO PILOT = LARS** — ENGINE =

VCR ]
SONAR - TCASS* = POWER

DISTRIBUTION -4 PILOT CONTROL _

VIDEO/ UNIT UNIT
LIGHTS =
PAYLOAD i
RELEASE
NAVIGATION _ ¥* launch and recovery subsystem
TRANSPONDER * tether control and stowage subsystem

FIGURE 9. PRELIMINARY EQUIPMENT BREAKDOWN AND FUNCTIONAL
PACKAGING SCHEME
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REF 1.0 -- PREPARE FOR DEPLOYMENT

1.1 1.2 13
SYSTEM BREAKDOWN PACKAGE FOR
CHECK @ — | (DISASSEMBLE) »| TRAVEL
REF
) 7.0
AND
OR S]] PERFORM
ORGANIZATIONAL
MAINTENAN
1 5 EN CE
FAULTY MODULE
TO DEPOT

MAINTENANCE

REF 3.0 -- PREPARE FOR EMPLOYMENT

3.1 3.2 REF 1.1 3.3 REF 4.0
UNCRATE ASSEMBLE SYSTEM CHECK PLACE IN READY OPERATE
| | @ STATUS ON b| IN USER
SUPPORT CRAFT ENVIRONMENT
REF
7.0
PERFORM
AND A ORGANIZATIONAL
OR MAINTENANCE
REF 1.5

FAULTY MODULE
TO DEPOT
MAINTENANCE

FIGURE 10.

FIRST LEVEL MAINTENANCE FUNCTIONS
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Preliminary Synthesis and

Allocation of Design Criteria

The functional packaging scheme and functional system
breakdown are the basis for the allocation of system
performance, design and effectiveness factors and
requirements. The final design and actual construction of
this system will not occur for almost ten years. 1In order
to permit maximum latitude for system design, yet provide
adequate guidance for the designer, allocation of
parameters will be done to the major sub-system level.
This ensures that the system designer is operating in
support of the operational and maintenance concepts, but
able to incorporate technological advances. A summary of
physical parameters and measures of performance for the
system, and as allocated to the subsystems is shown in

figure 11. Their derivation is decribed below.

Overall System Design Factors

and Effectiveness Requirements

The system operational and maintenance concepts
provide the starting point for establishment of required
parameter values. An estimate of scheduled (preventive)

maintenance has been made based on a review of the
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FOUV SYSTEM
POWER REQUIREMENT 15 KwW
WEIGHT* 2000 LBS
HYDRODYNAMIC DRAG 386 LBS
A .988
MDTc 0.SHR
MTBM 1.44 HR
MMH/OH 0.51
MMHJ/OH 0.019
MTBF 27 OH
SKILL LEVEL E-5
PILOT TETHER ROV GENERATOR
MODULE SUBSYSTEM SUBSYSTEM SUBSYSTEM
POWER (USE) 1.5KwW POWER (USE) .5 KW POWER (USE) 12.8 KW POWER (PrOVIDE) 15 KW
WEIGHT 400 LBS WEIGHT 200 LBS | | WEIGHT 250 LBS WEIGHT 1000 LBS
SKILLLEVEL E-5 SKILLLEVEL E-5 SKILLLEVEL E-5 SKILLLEVEL E-5
DRAG N/A DRAG(Fx)  271lbs | [DRAG(Fx)  115LBS | | DRAG N/A
A .998 A, 998 A 993 A 998
MTBM 2.6 OH MTBM 1.47 OH MTBM 1.46 OH MTBM 4.20H
MTBF 67.5 OH MTBF 270 OH MTBF 67.5 OH MTBF 4000 OH
Mct 167 HR Mct SHR Mct 463 HR Mct 8 HR**
MMHC/OH 005 MMHC/OH 0025 MMHC/OH  .009 MMHC/OH  ***
COMPLEXITY 4 COMPLEXITY .1 COMPLEXITY .4 COMPLEXITY 1

* 150 LBS RESERVED FOR FIELD SPARES KIT
** IMA
*** NO ORGANIZATIONAL MMHc. FOR THE IMAMDTc = 12 HR

FIGURE 11. SUMMARY OF SYSTEM PARAMETERS AND ALLOCATION
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requirements for current systems, and is shown in table 9.
As the design process progresses these maintenance actions
may be re-allocated within the subsystems of the FOUV
system.

The operational requirement, derived from the MMUROV
specification, requires a mission reliability (Ro) of .98.
Ro is defined as successful missions/attempted missions. A
successful mission has been previously defined as the
launching, reacquisition, identification, delivery of
payload, and recovery, with no critical or major failures.
The relatively low rate of usage (2-4 days per month)
projected for the FOUV makes scheduled maintenance between
operational periods a minimal factor in the availability of
the system. The hard requirements for corrective
maintenance time make the driving factor for this system
mean time between failures (MTBF), not mean time between
maintenance (MTBM). Therefore inherent availability is
used as the measure of effectiveness (MOE) of the system.

Inherent availability (Aj) is defined as:35
(4.1) Ai = MTBF/(MTBF + Mct).
The system requirement allows .5 hr as the mean time

to correct a casualty in the operational setting, including

all delays. This establishes a mean corrective maintenance
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TABLE 9
ANNUAL MAINTENANCE SUMMARY

SCHEDULED
PREVENTIVE
MAINTENANCE

CHECK
LENGTH
(HRS)

NR
CHECKS/
YEAR

ANNUAL
MAINT
HRS

NR
MEN

ANNUAL
MAN
HRS

SET UP AFTER
TRANSPORT AND
STORAGE

1

8

8

16

DAILY
PRE-MISSION
CHECK

32

16

16

DAILY
POST-MISSION
PM

32

16

16

THRUSTER
SEALS CHECK
(EA 200 HRS)

TETHER
CONNECTION
(EA 100 HRS)

GENERATOR OIL/
FILTER CHANGE
(EA 100 HRS)

TOTAL

N/A

T4.5

45

N/A

53
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down time (MDTo) of .5 hr. Given the mission essential
nature of the equipment, and the fact that the operating
team is performing the corrective maintenance, mean
administrative delay time (ADTc, time spent waiting for
maintenance personnel) is assigned a value of zero, and
mean logistics delay time (LDTc, here the time to retrieve
a part from the onboard spares kit) is assigned a maximum

value of .167 hr. Because

(4.2) MDT. = LDT + ADT + Mct

Mct has a maximum value of .33 hr.

The Ro of .98 projects a casualty on 2% of the
missions. With an operational requirement for 200 mission-
dives per year, .02 X 200 = 4 FOUV system failures
permitted during an operational year. With total annual
system operating time of 108 hours, 108/4 = 27 operating
hrs between failures (MTBF). The time permitted by the
operations concept for active corrective maintenance (Mct)
is .33 hr. The combination of these requirements yields an
Aj of 27/27.33 = .988. This is the overall system MOE.

It is estimated that corrective maintenance will be
performed by one team member. Corrective maintenance man-

hours per action are therefore .5 hr (equal to MDTe).
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Corrective maintenance man hours per operating hour
(MMHo/0OH) are therefore .5/27 = .019. From table 9, 74.5
maintenance actions are scheduled annually, with 108
operating hours. This yields a mean time between scheduled
maintenance (MTBMs) of 1.45 operating hours (OH). The MTBF
of 27 hrs is used as mean time between unscheduled

maintenance (MTBMy).36 System MTBM then is:

(4.3) MTBM = 1/(1/MTBMg +1/MTBMy) = 1.44 OH

53 man hours annually are used for scheduled maintenance,
or .4971 maintenance man hours per operating hour. Combined
with .019 MMHc/OH, the overall MMH/OH is .51. This

establishes the final MOE for the overall FOUV system.

Effectiveness Factors

Allocation to Subsystems

At this stage in the systems engineering process a
significant number of options to satisfy each individual
part of this requirement are intentionally left open.
However, this necessarily makes the allocation process less
accurate. Additionally, there is a general lack of
operational data on both the MMUROV (not yet fielded) and

comparable systems because they have not been in widespread
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use. In order to provide initial design parameters for
FOUV system development, reliability complexity factors
have been assigned to each of the major subsystems. All of
the major subsystems are required for effective operation
of the overall system, so they are functionally in series.
Allocation of parameters is based on this relationship.

The vast majority of organizational maintenance man-
hours for this system are caused by the system operating
concept (breakdown, transport, check, operate, breakdown,
transport) and the daily preventive maintenance required by
the harsh salt water operating environment. Consequently,
as was the case for the system as a whole, maintenance man-
hours per operating hour is not a good measure of
effectiveness for subsystem reliability. Corrective
maintenance man-hours per operating hour is therefore used
as a subsystem MOE. For the system as a whole, there will
be no administrative delay time in corrective maintenance
due to the mission essential nature of the system in the
operating environment. Logistics delay time for
organizational corrective maintenance has been restricted
to .167 hr. Mct is allocated as a function of component
accessibility and the estimated effectiveness of built in
test equipment (BITE) for the subsystem in question (e.g.

high for a computer, low for a generator). Corrective
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maintenance man-hours per operating hour (MMHc/OH) are then

computed as the required MOE.

The Tether Subsystem

This subsystem has a reliability complexity factor of
.1, which results in .4 failures annually. MTBF is
therefore 108/.4 = 270 OH. This subsystem is only
repairable through replacement of the tether, replacement
of a tether end fitting (allocated to preventive
maintenance as a 100 OH PM), or replacement of a
connector/slip ring for the tether control and stowage
subsystem (TCASS). The mechanical connections of the TCASS
do not lend themselves to simple removal and replacement,
but the connections are not pressure proof. The launch and
recovery system (LARS) is envisioned as, at most, a small
davit -- with virtually no failure rate. Consequently an

overall Mct of .5 hr is feasible.

(4.4) MMHe = Mct + LDT, or .5 + .167 = .667

(4.5) Aj = MTBF/(MTBF + Mct) = .998
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With the MTBF of 270 OH, MMHo/OH = .0025 Annual scheduled
maintenance for this subsystem is shown in table 10. With

73 total PM actions per year,

MTBMs 108/73 = 1.48

MTBMy MTBF = 270 OH

MTBM = 1/(1/1.48 + 1/270) = 1.47 OH
Pilot Module

This subsystem has a reliability complexity factor of
.4, yielding a mean of 1.6 failures per year. So, MTBF =
108/1.6 = 67.5 OH.

Because pressure-proof seals are not required in this
subsystem, access to and replacement of failed modules is
easier and it includes the primary system computer with a
sophisticated capability for self-test and fault isolation.
Therefore, it is assigned a preliminary Mct of .167 hr.

Annual scheduled maintenance for this subsystem
includes 40 checks (table 10). MOE factors then become:

MTBMg 108/40 = 2.7 OH

MTBMy

MTBF = 67.5 OH
MTBM = 1/(1/2.7 + 1/67.5) = 2.6 OH
Aj = 67.5/(67.5 + .167) = .9975
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TABLE 10

ANNUAL PM ACTIONS BY SUBSYSTEM

SCHEDULED
PREVENTIVE
MAINTENANCE

TETHER

PILOT
MODULE

GENERA-
TOR

ROV

SET UP AFTER
TRANSPORT AND
STORAGE

8

8

DAILY
PRE-MISSION
CHECK

32

32

16

32

DAILY
POST-MISSION
PM

32

32

THRUSTER
SEALS CHECK
(EA 200 HRS)

TETHER
CONNECTION
(EA 100 HRS)

GENERATOR OIL/
FILTER CHANGE
(EA 100 HRS)

TOTAL

73

40

26

73.5
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As before, LDT., is based upon onboard spares and
required to be no more than .167 hr. The
technician/operator will also be carrying out the spare
parts locations function, so MMHe = Mct + LDTqo = .33 hr.

And MMHe/0H = .33/67.5 = .0049.

Generator Subsystem

This is initially estimated to be a diesel generator
of routine construction so it can be expected to have an
MTBF of 4000 hrs and an MTTR (Mct) of eight hours. This
routine reliability is essential, because the EOD
technicians operating the FOUV will not be performing
corrective maintenance on this subsystem, in contrast to
the maintenance policy for the rest of the system. The

accessibility of engines and generators for corrective

maintenance, and the potential for use of BITE, are too low

to make rapid corrective maintenance feasible.

Fortunately, the reliability of these systems is

historically high, and the PM's are simple and well within

the capability of the EOD technicians operating the system.

Corrective maintenance on this subsystem will be performed

at the nearest naval intermediate maintenance activity



85

(IMA), or contracted locally when an IMA is not available
within two hours of the EOD detachments location. Although
not performed by the detachment, Mct is estimated at 8 hrs,
with administrative delay time of 4 hrs. For the EOD
aspects of this subsystem, preventive maintenance is shown

in table 10. With 26 PM actions annually:

108726 =4.2 OH

MTBMg

MTBMy = MTBF = 4000 OH

MTBM = 1/(1/4000 + 1/4.2) = 4.2 OH
Aj = 4000/4008 = .998

Remotely Operated Vehicle Subsystem

This subsystem is less electronically complex than the
pilot module, but is required to be pressure-proof, and is
subject to the roughest handling and harshest environment.
A reliability complexity factor of .4 is assigned, but Mct
will be computed to utilize all remaining allocable time as
follows. The operational requirement for all MDT. equal to
.5 hr is firm, as is Rp equal to .98. Four failures per
year at .5 hr each allows 2 hrs of corrective maintenance
down time. The tether, with .4 failure/yr, and MMHe/F
(corrective maintenance man-hours per failure) of .667 hr

uses a total of .267 hr. The pilot module, with 1.6
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failure/yr and MMHq/F of .333 uses another .401 hr. The
generator, although it has only .027 failures/yr, has an
MDT of 12 hrs, so it uses .324 hr. This is a total of .992
hr, leaving 1.008 hr available to allocate to the ROV per
se. With the complexity factor of .4, 1.6 failures per
year will occur. Given a total MDTe of 1.008 available,
MDT. is 1.008/1.6 = .63 hr. Of that time, .167 hr is LDT,

so Mct can equal .463 hr.

Mct = .463
MTBMy = MTBF = 108/1.6 = 67.5 OH

Annual scheduled maintenance for this subsystem, also shown

in table 10, includes 73.5 PM actions. Therefore:

1]

MTBMs = 108/73.5 1.49 OH
MTBM = 1/(1/67.5 + 1/1.49) = 1.46 OH
Ai = 67.5/67.963 .993

MMHec/0H = .009

Performance and

Physical Parameter Allocation

The initial specification and performance requirements

establish most of the physical and performance parameters.
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In general the subsystems do not compete for these
parameters, so they cannot be allocated. Several notable
exceptions exist however, including weight, hydrodynamic
drag and power consumption. Hydrodynamic drag and power
consumption are interdependent and were effectively
allocated in the systems analysis of Chapter 3. Weight
remains as a scarce commodity based on the operational
requirements. A review of current systems provides the
basis for an initial allocation of the total allowable
system weight of 2000 lbs. The ROV is allocated a maximum
of 250 1lbs without payload, although 200 1lbs is highly
desirable. The payload neutralization charge, while not a
subsystem of the FOUV is allocated 50 1lbs. The pinger will
have a weight of approximately 5 1lbs, and is not a
consideration. The tether subsystem is allocated 200 1bs,
also based on current systems. The pilot module receives
an initial allocation of 400 lbs, but it is hoped that with
the continuing miniaturization of electronics and computing
power and the integrated design called for in this
specification, it can be reduced below 300 1lbs. The field
spare parts kit is not considered a subsystem but is
essential to meeting the requirements of the operations and
maintenance concepts, and must be very complete. For this
reason it receives an initial allocation of 150 1lbs. The

remaining 1000 1lbs is allocated to the generator subsystem.
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System Support Capability

By design, and in consonance with the operations and
maintenance concepts, very little system support on the
naval side is envisioned. Intermediate maintenance is only
required for the generator subsystem, initially estimated
to be a very low maintenance diesel. Because so few
additional systems are involved, this subsystem can be
supported by the naval IMA's, currently extant in the areas
of the EOD detachments, without additional manpower or
significant monetary expenditure.

This system is intended to replace one in operational
use with a similar maintenance load on the using
detachment. The design requirements call for maximum use
of BITE, to eliminate special test equipment, and modular
swap-out for corrective maintenance. Although the skill
level available for maintenance is nominally an ordnance
rating E-5, the basic acceptance requirements for an EOD
technician provide assurance that detachment personnel can
perform this mainténance as required.

The MMUROV system will be replaced in the naval supply
system by the FOUV, with minimum impact on the Ships Parts
Control Center (SPCC). However, because of the mission

criticality of the system, and the lack of operational data
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to establish spare parts depth in repair kits, it is
envisioned that during initial fielding, one extra parts
kit will be procured for each three systems (based on one
in three systems on a long operation each month). These
extra kits will be stocked at the nearest naval supply
facility. For the one detachment (MU8, Sicily) which does
not have a naval supply facility within four days shipping
time (the average operation duration), one extra kit will
be provided at initial outfitting. A total of ten extra
parts kits will be required. Parts kit fill, and the
requirement for the extra kits, will be reviewed and
adjusted annually.

During the periodic overhauls (initially programmed at
three year intervals) the two systems at the training and
evaluation units (east and west coasts) will be scheduled

to support operational requirements if necessary.



CHAPTER 5

CONCLUSION

The ability to conduct an investigation of a possible
mine, while maintaining a low profile in an area of
operations, would be significantly improved through
development of a man-portable underwater remotely operated
vehicle. The specifications for such a vehicle, as
developed in this study, would require a level of
performance which does not exist in todays small ROV's.
Based on this conceptual study, however, these
specifications are attainable with additional development
of current systems.

ROV systems in use today tend to be a compilation of
subsystems from various manufacturers. This results in
redundancy of items such as video displays and computers.
It is possible to have separate displays and computers for
the installed sonar, the ROV itself and the tracking
system. The benefits of integrated development for a

system such as this are obvious.

90
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Follow-on investigation should include further study
of tether systems, thrusters, batteries and sonar (or
equivalent systems for underwater search). This study
concluded that the system required should be powered from
the surface. This decision was a close call based largely
on the fact that a suitable battery does not exist, and
significant engineering challenges would have to be
overcome to preclude continual flooding of the system. The
small number of systems to be procured, and the relative
paucity of funds within the EOD community, effectively
eliminates development of suitable power sources
specifically for this requirement. However, the aerospace
industry has a similar need for power systems, and better
funding, and should be watched closely for applicable
technology.

With the MMUROV system projected to reach the end of
its service life around the year 2000, and the long lead
time required to develop military systems, the next step in
the systems engineering process, continuation of
preliminary system design, should be commenced no later
than 1993,

The conduct of a low-key investigation of possible
mining incidents is not an explicit mission of the U.S.

Navy's explosive ordnance disposal forces. Therefore it is



92

unlikely that the Navy would develop a system primarily to
meet this need, but it is recommended that this potential
use be a factor in the development of underwater systems

for EOD use.
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