


This document is made available through the declassification efforts
and research of John Greenewald, Jr., creator of:

The@BIaCioVatlt

The Black Vault is the largest online Freedom of Information Act (FOIA)
document clearinghouse in the world. The research efforts here are
responsible for the declassification of hundreds of thousands of pages
released by the U.S. Government & Military.

Discover the Truth at: http://www.theblackvault.com


http://www.theblackvault.com



jeremy.long
Line

jeremy.long
Line




jeremy.long
Line

jeremy.long
Line

jeremy.long
Line







jeremy.long
Line

jeremy.long
Line




jeremy.long
Line

jeremy.long
Line

jeremy.long
Line

jeremy.long
Line




jeremy.long
Line

jeremy.long
Line

jeremy.long
Line

jeremy.long
Line




jeremy.long
Line

jeremy.long
Line

jeremy.long
Line

jeremy.long
Line




jeremy.long
Line

jeremy.long
Line





UNCLASSIFIED

VoL 1

EXECUTIVE SUMMARY
o

Conclusions
&
Recommendations

VoL 2 VoL 3 VoL 4
TECHNICAL COST MILITARY
EVALUATION ANALYSIS MISSION

ANALYSIS
APPENDICES APPENDICES APPENDICES

A. Design Considerations
B. Point Designs

A. Ship Construction Cer’s
B. Combat Suite Costs
C. Life-Cycle Costs

A. Operational Analyses
B. Combat Suite Performance

Characteristics

C. Operational Concepts

viil
UNCLASSIFIED





































9
GENERIC VEHICLE
CONCEPTS

19
CONFIGURATIONAL
FORMS

23
POINT
DESIGNS























































UNCLASSIFIED

(U) The second example relates to standardization of engine performance and
its projection into 1985-95. The range capability of a vehicle is directly related to
the specific fuel consumption of the engine(s). As technological improvements are
anticipated by the engine manufacturers, the performance quoted will also change
significantly. To even out the differences in range characteristics between one
vehicle concept and another, the projections of engine performance had to be
standardized. Figure II-16 is one such standardized set of data, compiled for marine,
gas-turbine fuel consumption. This set of data curves represents the expected tech-
nology level for engine performance as a function of continuous power rating for
1960 through 2000.
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(U) Figure lI-16. STANDARDIZED, MARINE, GAS-TURBINE
FUEL CONSUMPTION

(U) The consistency standards (Appendix A) and common combat suites
(Appendix A) were not stressed in the near-term vehicles used for comparison since
most of them were designed prior to the start of the ANVCE Project (with the
exception of the amphibious group). The emphasis in the ANVCE Project has been
placed on the far-term vehicles, which were designed using consistent standards,
mission objectives, and combat suites. Slight variations have been allowed in the
combat suites if the variation is directly attributable to a platform concept charac-
teristic; e.g., the active/passive reliable acoustic path (APRAP) sensor, which requires
a platform with a high-speed capability to offset the ‘‘dead-in-the-water’’ listening
time, has been placed on the high-speed vehicles but omitted on the slower-speed
vehicles. (Details on the common combat suites are given in Appendix A.) Figure
II-17 illustrates the philosophy of a common combat suite for a common mission
or operation using the air-capable, surface combatant group as an example. The
shaded region shows the combat suite [weapons; sensors; command, control, and
communications (C?) system; navigation system; and secondary vehicles] common
to all the point designs within the group. Below the shaded area are those items of
the combat suite that are unique to each platform. The columns above the shaded
area show the relative differences in fuel levels required by each vehicle concept to
accomplish its objectives within the mission. The amount of fuel needed depends
on the consumption and the length of time the vehicle must stay out without re-
fueling; the amount carried affects its weight and cost. Hence, there are many
factors involved in each of the point designs. However, while the values are quite
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studied by the ANVCE Project and since no other studies have provided
satisfactory quantification, it should be further analyzed.

®  VWith fully submerged foils, the hydrofoil is extremely maneuverable and
capable of maintaining both high speed and excellent seakeeping (steady
deck characteristics) in high sea states.

® The characteristics of the surface-piercing hydrofoil are similar to those
of the fully submerged foil hydrofoil but not to the same degree. Improve-
ments developed in Europe for passive ride-control systems on surface-
piercing hydrofoils are minimizing the difference in the seakeeping charac-
teristics between the two types of hydrofoils.

® The U.S. Navy has developed a hydrofoil with fully submerged foils that
has superior performance; however, a significant cost difference exists
between such hydrofoils and the surface-piercing hydrofoils developed in
Europe and the Soviet Union. Specific cost information is provided in
Volume 3. Since both hydrofoil forms are technically feasible, the pos-
sible application of the surface-piercing hydrofoil to U.S. Navy missions
should be analyzed further.

(U) Comparisons of specific features of hydrofoils with other ANV concepts
are made in Chapter V.

3. PLANING CRAFT

3.1 Concept Tree

(U) The principal feature of the planing hull is its ability to operate at high
speed in relatively calm water. Planing occurs when hydrodynamic forces dominate
rather than hydrostatic or buoyancy forces, as in the case of displacement hulls.
Displacement hull form configuration and speed progress from the basic displace-
ment hull (series 60), through high-speed displacement hulls with round bilges, to
high-speed planing hulls with hard chines. The speed at which planing occurs is
strongly dependent on the size of the ship. A small craft can be planing at 20-30 kt,
whereas a 3000-tonne ship will probably not be able to plane at 40 kt, e.g., the
advanced monohull (MONO 3), discussed in Section 6, is still a displacement hull
at 40 kt.

(U) Thus, the categorization of a planing hull is strongly influenced by con-
siderations of performance and sea state. The pounding of planing hulls at high
speed in rough water is a well-known characteristic, and extensive research has
been conducted toward developing new hull forms with better seakeeping charac-
teristics than the planing craft while retaining its high-speed characteristics (i.e.,
40-50 kt for craft of 200-1000 tonnes). These hull forms encompass monohull as
well as planing catamaran and other multihull configurations.

(U) From a technical viewpoint, the key element in evaluating a planing hull
is to recognize the ramifications of combining high speed and rough-sea operation in
one hull form. The concept tree, shown in Figure 11I-28, has two main branches,
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4.3 Analyses and Experiments

(U) Hydrodynamically, the SES, like many other vehicles, becomes relatively
more efficient as size (displacement) increases. However, although the SES becomes
relatively more efficient in absolute terms, the power requirements increase, which
strains the state of the art in developing lift fan, skirt, propulsion, and transmission
systems to meet those requirements. In addition, the SES becomes more efficient at
a speed of 80-100 kt, which not only results in high power requirements but also
introduces phenomena associated with the hydrodynamics of sidehulls and air
cushions at very high speeds. Accordingly, most of the analyses and experiments
associated with the SES concept were directed toward exploring methods by which
the power requircments could be reduced and the speed maintained.

(U) Larger sizes of lift-fan systems, more-slender (high-L/B) configurations,
and various propeller systems that could improve SES propulsive efficiencies were
explored as means by which propulsion power requirements could be reduced.

4.3.1 Lift-Fan Systems

(U) As the size of the SES increases, the cushion pressure to support the
craft also increases. Cushion pressures for existing craft typically vary between
50 and 100 psf depending on the size and design features. However, depending on
the particular design, the lift fan(s) must generate a static pressure about 20-40
percent higher than the cushion pressure values to compensate for duct and other
system losses.

(U) To date, all ACV and SES (up to about 300 tonnes displacement) designs
have used either centrifugal, mixed-flow or axial-flow, single-stage fan(s) to provide
these pressures. However, these single-stage fans will not be able to generate suf-
ficient pressure for a larger SES; some form of staging will be required. At this point,
fan technology becomes more sophisticated, reaching the degree of complexity
associated with compressor technology.

(U) Figure III-35 illustrates the problems associated with® the increased cush-
ion pressure required by larger ACV and SES. Foran SES of approximately 10,000
tonnes displacement, a cushion pressure of between 350 and 400 psf plus pressure
loss factor is required, placing the pressure ratio beyond the practical capability of
single-stage fans. This limit in single-stage fans and current fan technology is shown
in Figure I11-36.

(U) While improved specific fans may be designed, it is generally agreed that
the main parameters are those shown in Figure I1I1I-36. The saw-toothed line indicates
the best pressure (static) versus speed and efficiency for current, single-stage fans.
Any further increase in pressure, regardless of whether a centrifugal, mixed-flow or
axial-flow, single-stage fan is used, results in problems of noise or materials stress
limits. Therefore, multistage fans must be developed before the size of the SES can
be increased.
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(U) However, the SES is primarily a concept that is designed to operate at
very high speeds. Therefore, it generally uses a propulsion system that enables it to
operate in the supercavitating flow region., which increases the technical risk in-
volved. Although a technology base exists for SES of 100 tonnes displacement and
capable of speeds up to 80-90 kt (specifically the SES 100A and SES 100B test
craft and assqciated smaller test vehicles, models, and analyses of the U.S. Navy),
as the displacement of the SES is increased, the technical risk is also increased. These
risks can be reduced somewhat by lowering the speed requirements (from the data
base of 80-90 kt) as the displacement increases (as was shown through the SES CV
and CVN designs). Based on the SES literature and the results of the ANVCE
analyses, model experiments, and point designs, the following specific findings and
conclusions pertaining to SES are:

® The SES concept has been demonstrated in sizes up to 100 tonnes dis-

placement and to speeds of 80-90 kt in calm water. Based on extensive
analysis, model testing, and manned-craft testing by the U.S. Navy (PMS
304), projections extending this capability up to 3000 tonnes displace-
ment have been made. As with the other advanced concepts, the technical
risks associated with propelling an SES of this displacement at such a
speed are still considered to be high because of the high power levels to-
be handled by the engines, transmission, and propulsors. Development and
hardware test programs on each of these subsystems are included in the
U.S. Navy SES program.

® To use the SES concept as an aircraft carrier, a much larger displacement
(about 9,000-12,000 tonnes) will be required than that required for other
SES uses. To reduce the power requirements and technical risk to reason-
able levels, the speed capability must be reduced to about S0-60 kt.
Although this speed is much lower than the very high speeds at which
an SES usually operates, 50-60 kt is still agbout two to three times the
speed capability of conventional displacement ships.

® As it is presently designed, the SES concept represents a high technology
investment. It requires the use of sophisticated structures, high-power
propulsion systems, developmental lift-fan systems to provide acceptable
seakeeping, and developmental seals to operate reliably in a seaway. All
of these factors combine to increase the cost of the SES (both the initial
investment and the operating cost). Accordingly, options within the SES
concept that can lower those costs must be sought; otherwise, such costs
could have an adverse impact on a concept that could be highly effective.
Based on the ANVCE Project findings, the development of features
that could lower the power requirements, such as more-slender configura-
tions (high L/B); use of propellers; and a reduction in operating speeds
are essential elements in producing a cost/effective SES.

(U) Specific comparisons of technical measures of the SES and other compet-
itive concepts are provided in Chapters V and VI.
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(U) While the SWATH concept can have a single hull, two hulls, or even
multiple hulls, it most commonly has a type of catamaran configuration with the
two hulls submerged. The number of struts needed to support each hull is derived
from such considerations as structural integrity, the hydrodynamics associated with
the lift and drag of the strut(s) and submerged hull, and motions in beam and
following seas. The state of the art is not advanced enough to determine the opti-
mum configuration(s) for a particular operating condition (in terms of speed, dis-
placement, sea state, seakeeping, and maneuvering requirements).

5.2 Features and Issues

(U) Table III-17 presents the particular features and issues of the SWATH
concept. The paths taken in resolving the issues and the findings and conclusions
of those efforts discussed in the following subsections. The point designs develop-
ed follow the discussion of the analyses and experiments.

5.3 Analyses and Experiments

(U) Because the SWATH concept is relatively new, the data base is insufficient
and cannot provide the basis for sound decisions regarding design. Several analyses
and experiments were undertaken to explore the various issues raised in reviewing
the state of the art of the SWATH concept. Those study efforts are discussed in the
following subsections.

5.3.1 Maneuverability

(U) One of the issues was to determine the maneuverability of SWATH ships
of various displacements (up to about 20,000-30,000 tonnes) at various speeds
(up to 20-30 kt). The ship control requirements could not be delineated until the
turning performance and pitch, heave, and roll control of the SWATH concept were
determined. One area of concern was whether the side struts would provide such
strong directional stability that the state-of-the-art powering systems would be

unable to provide the rudder control forces needed for tuming. Furthermore, the
use of active forward and aft horizontal fins would lead to a need for fixed horizon-

tal stabilizers to control pitch and heave, resulting in increased complexity and cost.

(U) Therefore, the ANVCE Project conducted a study effort to resolve this
issue through model tests to define several of the parameters. Figure 111-47 shows
the plan of the model and its elevation for the maneuverability geometries and
location, turning foil, and forward and aft fins. Figure I11-48 shows this model
(about 3.25 m (10 ft) long) in its spade-rudder configuration. Extensive, rotating-
arm experiments were conducted with this model (Reference 45). The basic hydro-
dynamic data (Reference 45) were integrated into a general maneuvering computer
model (Reference 46).
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(U) Figure III-50 shows the propulsion power requirements of two SWATH
configurations and an equivalent monohull, the FFG 7. As shown, a previous
SWATH configuration (circa 1975) was much less efficient than an equivalent
displacement monohull, while an improved SWATH configuration (SWATH 7) that
retains the cylindrical body but has a more hydrodynamically shaped nose comes
much closer to the monohull resistance curve (FFG 7). Further refinements are
possible and are currently under investigation.
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(U) Figure 111-50. SWATH SHIP POWERING REQUIREMENTS

5.3.3 Motions in Beam and Following Seas

(U) The basic SWATH concept provides a significant improvement in sea-
keeping in head seas over the seakeeping of a conventional displacement hull. In
beam seas, however, a large roll motion can be induced when the waves hit the large
sideboard of the struts. This motion can be minimized by using two (or more)
struts, which is the primary reason that more than one strut is used.

(U) Another issue involving the SWATH ship’s seakeeping capability is the
motion created in following seas. Figure III-51 shows a comparison of a SWATH
ship and a monohull in the same sea conditions and at the same speed. While the
SWATH ship has a better seakeeping capability than the monohull in head seas, this
situation is reversed in following seas. The reduced seakeeping capability of the
SWATH concept in following seas is caused primarily by its fixed stemn fins, which
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5.3.4 Beam and Draft of SWATH Concept

(U) The SWATH ship usually has a wide beam (compared to a monohull of
equivalent displacement) to provide roll stability and to avoid wave effects. The
wide beam provides separation between the buoyancy hull, which reduces the wave
orbital velocity influence. To avoid wave impact on the main structure, the SWATH
ship also has deep draft and a high freeboard. However, while these characteristics
provide the required stability and seakeeping, they also create problems of transit-
ing through restricted chanels and of handling in dry docks.

(U) Figure I11-53 shows the difference in beam between the SWATH concept
(and SES, which has similar dimensional problems) and the monohull (the conven-
tional, displacement ship used by the Navy today). As shown, the SWATH ship has
a considerably wider beam than a monohull of the same displacement. The opera-
tional problem caused by this difference is seen in the context of the familiar, and
important, restriction of the Panama Canal (108 ft). To pass through the present
canal, a SWATH ship (or SES) is limited by its beam to about 35004000 tonnes,
whereas a monohull can be of about 25,000 tonnes.

200,
KEY:
Ev O SWATH SHIP

180 ® MONOHULL

= LOWER-HULL, PANAMA
£ 20 CANAL LIMITATION
@ SWAa
100
MCM
80
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0 A 1 1
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(U) Figure 111-53. SWATH SHIP/MONOHULL BEAM COMPARISON

(U) Figure I1I-54 shows the difference in draft between the SWATH concept
and the monohull. Again, except for very small displacements, the SWATH ship has
a much deeper draft than a monohull of the same displacement. In comparison,
when off-cushion, an SES has a draft similar to that of a SWATH ship; however,

on-cushion, an SES has considerably less draft than even a monohull.
[
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sufficient number of compatible dry docks available for SWATH ships of 4000
12,000 tonnes displacement at present. Therefore, although maintenance handling
presents some problems, it is not a major obstacle.

(U) While the large beam and draft of the SWATH concept are of concern,
they are, in general, not significant drawbacks with one exception—the SWATH
ship’s inability to transit the Panama Canal. Given that the number of U.S. naval
ships is declining, the ability to move ships rapidly from one ocean to another is
a major operational consideration. Thus, the inability of a large SWATH ship to
transit the Panama Canal and the inherent higher cost of such a high-performance
craft in comparison with a conventional, displacement ship are disadvantages of
this concept.

5.4 Point Designs

(U) To resolve the feasibility issues involved in the concept and to provide
quantitative vehicle information for the cost and mission analyses, the following
point designs were prepared:

®  Mine-Countermeasures (MCM) Ship (near term)
SWA MCM, 5868 tonnes displacement

®  Aircapable, SWATH Ship (far term)
SWA 4, 3408 tonnes displacement

L] Aircraft Carrier (far term)
SWA CVN, 28,549 tonnes displacement.

Detailed descriptions of the initial designs are given in References 48 (SWA MCM),
49 (SWA 4), and 50 (SWA CVN). As was the case in the other ANV evaluations,
reiterative design changes were made during the technical evaluation of the SWATH
concept. A detailed description of each of the final point designs used in the cost
and mission analyses is presented in Appendix B.

(U) The two, far-term SWATH concept point designs, the SWA 4 and the SWA
CVN, were developed by the ANVCE Project and, therefore, completely meet the
standards established for common combat suites, etc. The near-term SWATH con-
cept, the SWA MCM, was adapted for use by the ANVCE Project and is not as
consistent in meeting these standards. Only the two far-term point designs developed
by the ANVCE Project to determine their feasibility are discussed in the following
subsections.

5.4.1 Aircapable, SWATH Ship

(U) The SWA 4 plan and elevation are shown in Figure I1I-55; the leading
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(U) The MONO 3 is an air-capable design with the combat suite common to
the far-term, air-capable, surface combatant group. This group is comprised of the
ACV 3, SES 3, SWA 4, and HYD 2. The MONO 3 serves as a baseline for this group.
Because of its long-range capability, the MONO 3, like the HYD 2 and SWA 4, is
designed for a 30-day mission duration. Its multipurpose combat suite is equipped
for AAW, ASW, and ASUW. This common combat suite includes two LAMPS
Mk-XX helicopters (as described in Appendix A).

6.2 Findings and Conclusions

(U) While the concept of an advanced-technology, monohull displacement
ship is certainly feasible, the risk associated with such a ship involves the new
features integrated into the design and places it in the “high-performance” class
of the ANV concepts being evaluated. These features include

an all high-grade aluminum hull,
a 40-kt speed capability,
a superconducting electrical transmission system, and

a transcavitating propeller with Prairie Masker.

These features involve development risks that vary from medium to high. For the
2934-tonne MONO 3 to have a speed capability of 40 kt, a 50,000-hp electrical
motor must be developed. A considerable development effort would have to be
expended to achieve this goal by 1995. (The largest motor to date is an experimen-
tal, 4000-hp unit developed by Great Britain.)

(U) The performance of such an advanced-technology monohull in relation to
the technical assessments of the other concepts is discussed in Chapter V.
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requirements were determined, the preliminary point design (Reference 76) was
modified for use in the cost and mission analyses. Details on the final point design,
summarized here, are presented in Appendix B. (The preliminary designs are refer-
enced here only for completeness of documentation.)

4.5 Findings and Conclusions

(U) During the ANVCE Project, an effort was made to extend the techno-
logical state of the art for WIG vehicles. However, although a considerable amount
of data were obtained, satisfactory solutions were not found for many of the funda-
mental issues involved in this concept. Vulnerability and the likelihood of *“digging-
in™ at high spced over rough water were explored and several solutions postulated.
The pitch-up problem can be solved through the use of aerodynamic devises, but the
design parameters still need to be clearly defined. The use of hydrodynamic, ski-like
foil at speeds of 90-100 kt does not appear to be a practical solution.

(U) Maneuverability at high speed also presents a problem. A WIG vehicle that
is constrained to operate close to the surface cannot bank into a tum to generate
the necessary side force. Several schemes are available for generating such side
torces. The dorsal-fin solutions shown in Figures 1V-27 and 1V-29 are examples of
such schemes. However, the ANVCE Project did not verify the feasibility of any of
the schemes.

(U) The best type of cnd plate sealing mechanism is still to be determined;
sufficient analysis was conducted, however, to raise reasonable doubt as to whether
a hard structure is a good means of sealing the air flow. The use of an ACV-type
skirt appears to be the most promising solution, but requires further study and
design development.

(U) In summary, the WIG vehicle, in both its ground-effect-only form and its
out-of-ground-effect, air-capable form, is unique and has considerable military
potential, assuming its technical problems can be resolved. Further research and
development are necded before proceeding with a practical, large-scale vehicle
program.
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2. VEHICLE OPERATIONAL USEFULNESS CHARACTERISTICS

2.1 Payload Capacity

(U) The foremost requirement for a military vehicle is that it be able to carry
the payload required for some mission. Its payload capability—the amount of pay-
load it can carry—depends on the extent to which the weight of the vehicle can be
reduced without jeopardizing other requirements and the fuel carried can be reduced
without losses in range and power.

2.1.1 Power

(U) The power required to propel the conceptual surface or air vehicle is a
principal design factor since it has an impact on the basic cost of the vehicle, its
ability to carry a given payload, and its operating (fuel) costs.

(U) Technically, power is examined in terms of (a) the horsepower per tonne
to attain a given speed and (b) the amount of power required to transport a given
mass (vehicle) at a certain speed (efficiency). Reducing the power required (or in-
creasing the transport efficiency) while not increasing other variables such as weight
and cost is a major objective in any design and is frequently the reason for seeking
new concepts. There is extreme reluctance to accept a design that forfeits some
efficiency to provide or enhance some other capability.

(U) Figure V-29 shows the horsecpower per tonne required to propel the dis-
placcment monohull (current and future), hydrofoil, and ACV and SES at their
respective design speeds. This particular set of curves is for a common set of dis-
placements (approximately 3000 tonnes), which eliminates the impact of size
differences. Figure V-29 illustrates one of the main features of the dynamic lift
concepts (hydrofoil, ACV, and SES)-a significant savings in the power that is
required to propcl a displacement ship through water. As shown, the power per
tonne required for a conventional monohull displacement ship increases at a rate
approximately proportional to the speed cubed. For the dynamic lift vehicles, the
horsepower required per tonne is lower than that required by displacement ships
although the difference becomes less pronounced for dynamic lift vehicle of more
than 30004000 tonnes. For example, the best monohull that can be designed can
achieve 40 kt with installed propulsion power at approximately 30 hp/tonne (Point
A in Figure V-29). If, however, mission requirements dictate a 100-kt requirement,
this need is best met by an ACV or SES, with an installed power plant at approxi-
mately 75 hp/tonne (Point B). This increase in speed from 40 to 100 kt is not the
result of better machinery (providing 75 hp/tonne instead of 30 hp/tonne) because,
as Figure V-29 shows, to propel a displacement hull at 100 kt would require ap-
proximately 375 hp/tonne (Point C in Figure V-29); even with lightweight, gas-
turbine installations, the weight of the power plant would be greater than the dis-
placement of the ship being propelled. On the other hand, if the ACV and SES con-
cepts were restricted to the same conscrvative power plants used in displacement
ships, the speed capability of these concepts would still be 60 kt.
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Maximum speed is the speed attain-
able at full-load displacement for
surface vehicles and take-off gross
weight for air vehicles at maximum
intermittent power.

Loiter speed is the speed corresponding

to maximum endurance.

Cruise speed is the speed corres-
ponding to 99 percent maximum
range.

Parameter that appears in range
equation and relates “horsepower”
per ton” (P/W) with vehicle speed (V),

where

W = full load weight of vehicle,
V = vehicle speed, and

P = total power installed to both

propel and lift the vehicle at
speed V.

Uscful load consists of those items
carried by the vehicle to enable it to
operate. Specifically, useful load con-
sists of those items listed in Table A-3.

Empty weight is the weight of the basic

vehicle as follows:

Empty Weight = Total Gross Weight -
Useful Load,

where

Total Gross Weight = Full load dis-
placement for ships, takeoff gross
weight for aircraft.

Specifically, empty weight consists
of those items listed in Table A4.
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1. Is non-

dimensional
ratio of work
done by vehicles
(WxV) to total
power (P) ex-
pended.

. In the simple

case of no lift,
power is product
of propulsive
efficiency

(n) and L/D ratio
ie.,

Wy =

L
P "D
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V) Characteristics for eight distinct types of power plants are presented in Table
A-S. Table A-S also identifies the parameters selected for power plant charact-
erization along with an index for figures and/or sections in this chapter that pre-
sent the data. Wherever applicable, the data are presented for sea level, international
standard atmospheric (ISA) conditions (59°F, 15°C, etc.). The performance require-
ments for the ANVCE point designs are specified at 80°F (26.7°C) at sea level. The
thrust and resultant speed of the vehicle is computed and reported in the final design
report at both 59°F (15°C) and 80°F (26.7°C). Appropriate corrections to the
data are made to take these temperature differences into account. Where curves are
shown as a function of maximum power that can be sustained continuously* within
acceptable time between overhauls or with normal inspection intervals and mainten-
ance cycles. Some engine manufacturers distinguish between maximum continuous
power and continuous power ratings, where the maximum continuous rating is only
applicable to, for example, 4 hr of continuous operation. In such cases, this contin-
uous power rating is equivalent to the maximum continuous rating defined herein.

v) In all cases, it is assumed that maximum intermittent (reserve, stand-by
or take-off) ratings are 15 percent greater than maximum continuous ratings.

((9)) All extrapolations to 2000 are based on technological trends that have been
evident up to 1976, including both in-service, demonstrated performance, and the
results of design studies, experimental investigations, and advanced development
programs. The projections have been made and justified essentially on the basis
of “A Review of Power Plants Likely to be Available for Advanced Naval Vehicles
in the 1980-2000 Time Period,” by Payne, Inc., March 1976. Additional data
are presented in Figures A-1 through A-7.

* Power available for propulsion and accessory drives, etc., with engine installed
having specific inlet and exhaust duct pressure losses; does not include trans-
mission power losses.
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TABLE A-9

MANNING LEVEL FOR SURFACE POINT DESIGNS, CATEGORY C

Function/Station Condition I Condition III
(Off/CPO/Enlisted) (Off/CPO/Enlisted)
Bridge 1/0/3 3/0/9
coc 3/2/25 2/1/24
Eng/DC 1/2/36 0/0/12
Admin/Supply/ 0/0/6 0/0/8
Food Service
Maintenance - 0/3/17
Total 5/4/70 5/4/70
(79) (79)
A-31
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payload=fixed payload + disposable payload, (A-1)
where

fixed payload=Group 400 + Group 700, (A-2)
where

Group 400=sensors and fire control* and (A-3)

Group 700=launchers and associated systems. (A4)

) The weight breakdowns for each of the line items in the combat suites
are provided in the ANVCE compiled combat systems data sheets.** The far-term
surface combatant group will be used as an example of how the weights of the com-
bat system payload, both fixed and disposable, combine to make up the common
combat suite for the group.

((9)) A certain amount of flexibility was given in the point design process to
accommodate the common combat system. For example, different launchers were
possible depending on the configuration; above deck, below deck, or special light-
weight launchers are possible. Each has different weights and installation require-
ments. Also, certain differences were allowed depending on the basic nature of the
concept. For example, the high-speed concepts (ACV, hydrofoil, and SES) incor-
porated the active-passive reliable acoustic path (APRAP) sensor as part of the ASW
sensor suite, but it was not included on the slower-speed concepts such as the mono-
hull and SWATH on which it would provide no advantage. The monohull and the
SWATH vehicles, on the other hand, incorporated the NIXIE system to offset the
noise problem of their own water propulsion systems. Table A-11 summarizes the
sensors and fire control (Group400) for the far-term, surface combatant group
including the options of sensors. The remainder of the fixed payload items are those
in Group 700, and they are summarized in Table A-12.

v) The disposable payload items for the same combat system are summarized
in Table A-13.

Does not include ship’s navigation and intercom.

*x Naval Sea Systems Command Headquarters (NAVSEA 6512) ‘“Combat
System Data Sheets for AAW, ASW, and SSW (U),” Volumes I, II, III,
30 June 1976, SECRET.
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ANNEX A

EXEMPLARY TOP LEVEL REQUIREMENTS (TLRs)
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2.1.2.2  Shipping Protection

L) This operation is similar to that of Naval Force Protection.
2.1.2.3  Ocean Area

(9)) The principal emphasis in this operation is placed on ASW and
SSW. In ASW, the complete job is done by the ACV. In SSW, the initial detection
of targets is provided by external sources (e.g., land or carrier-based air, satellities),
with final targeting and prosecution done with equipment on the ACV. AAW in-
volvement is limited self-defense. Under high threat conditions, support may be re-
quired from land or carrier-based air. Replenishment will be provided by UNREP
ships or at friendly ports.

2.1.2.4 Barrier (ASW/AAW)

((9)) Principal emphasis in this operation is placed on ASW where the
complete job is done (detection through prosecution). AAW involvement is limited
to self-defense and interdiction of aircraft transiting within the acquisition cone of
the SAM system. Most transiting aircraft interdiction will be accomplished by
land- or carrier-based air. Replenishment will be provided by UNREP ships.

2.1.2.5 Barrier (ASUW)

V) This task is basically an SSW one with limited need for external
support other than UNREP.

2.1.2.6  Surveillance and Reconnaissance

(U) This task is basically an SSW one with !limited need for external
support other than UNREP.

2.1.2.7 Mine Warfare

V) The ACV is involved in both minelaying and mine counter-
measures. For minelaying, the concept would involve offloading all nonintegral
equipment to increase total payload. For mine countermeasures, sweeping would
be accomplished using the ACV as towing body; minehunting does not apply to this
concept. Minimal self-defense is available in either case. Replenishment, especially
of fuel, would be required.

2.1.2.8 Inshore Warfare

) Use of the ACV would be restricted to coastal interdiction, basic-
ally an SSW task. Limited external support would be required except for replenish-
ment of fuel and other expendables.

AA4
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) surface, air, and underwater surveillance, countermeasures,
fire control, firing or launching, and guidance of weapons;

e stowage, handling, and reloading of weapons (also appli-
able to expendable ordnance while in stowage);

e launching, retrieving, fueling, defueling, rearming, handling,
checkout, and maintenance of helicopters; and

e casualty and damage control.
V) Determination of the above performance is based on Grade A
shock tests (MIL-S-901), tests on Floating Shock Platform or analysis using DDS

072-1. Above performance to be determined in cushion mode.

24.5 Damage Control Systems After Damage

V) The firefighting system will be at least 75 percent effective after
the ship suffers a single hit from which the ship can otherwise survive. Cutoff
valves and emergency pumps will be installed in such a way that if the firefight-
ing system is ruptured by the hit, the remainder of the firefighting system can
be operated.

2.4.6 Fire Protection

) Passive fire protection insulation shall be provided on all load
bearing surfaces, all nonload-bearing bulkheads around critical spaces, and on all
surfaces where acoustical insulation and/or heating, ventilation, and air conditioning
(HVAC) thermal insulation is required. It is anticipated that the fire protection in-
sulation will have sufficient acoustical insulation characteristics that the passive
fire protection insulation will replace the acoustical and HVAC thermal insulation.

V) The passive fire protection should:

° provide thermal protection for aluminum ship structure
such that the termperature of the structure does not exceed
204° F above ambient when subjected to a fire for 30
minutes;

° weigh 1.0 1b/ft (47.88 Pa) of insulated surface area;
e contain no material subject to combusion in the standard

atmosphere at temperature up to but not exceed 925°C
when fully cured and in normal service condition;

AA-12
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cies below 0.10 Hz. Differences occur among criteria issued by various program of-
fices. Furthermore, the use of RMSg as a criterion is currently being revised by the
Intermnational Standard Organization (ISO) and the new criterion will be issued
sometime in the next 1-3 years. For consistency, however, and pending any sub-
sequent revision of ISO criteria, personnel performance degradation shall be
measured against the vertical and lateral accelerations shown on Figure AA-2. These
curves represent a consolidation of the SES, hydrofoil, ACV, and SWATH program
office curves.

V) The constraints on the design of ships, systems, and equipment
that are exposed to or affected by the weather environmental conditions are given
in MIL-STD-1399 (Navy) Section 302. The maximum and minimum limits of the
weather environment are stated in Table 1 of MIL-STD-1399. The design criteria
for HVAC systems are also stated here.

3.2 Pollution Control
3.2.1 Sewage Treatment
) No sewage may be discharged from the vehicle. A minimum

weight allowance of 40 Ib (178N) per man is used for estimation of sewage plant
weight, including:

e commode and valve assembly,
e urinal and valve assembly,
e  macerator/transfer pump,
e  evaporator (full of sludge),
e  sludge pump,
e  vapor treatment system, and
e electrical controls.
The above weight allowance is based on a 1600 Ib (7120N) total system weight for
40 persons. The validity of any significant deviation from this weight allowance
is demonstrated by the point design.
3.2.2 Oil Waste
V) No oil waste may be discharged from the vehicle. If water bal-

last must be used, all ballast tanks will be clean. Clean integral (e.g., membrane
type) fuel/ballast tanks are permissible.

AA-14
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U) Since ACVs utilize flexible skirts or seals for containment of the
air cushion, consideration must be given to their proper maintenance. Although
skirts are highly tolerant to failure, they require periodic maintenance and replace-
ment. Since the maintenance and replacement time intervals are predictable, main-
tenance activities can be adequately planned in advance. The expected skirt life for
the 1990 time period will permit deployment of ACVs for 6/7 months without skirt
replacement.

) At-sea maintenance provisions will be made for repairs required
because of exceptional operating conditions.

(49)) Ship systems will be designed to permit incremental overhaul
of subsystems, subsystems accessories, and related auxiliaries. Preventive, corrective
and restorative maintenance will be performed by the Intermediate Maintenance
Facility (IMF) while in port or alongside the tender or repair ship. Major mainten-
ance actions will be accomplished by intermediate and depot activities during per-
iodic upkeep and maintenance availabilities in accordance with ship utilization
schedules.

) The following maintenance philosophy will govern the three
levels of maintenance support to be provided by appropriate maintenance levels:

Organizational Level

Organization maintenance performed by the ship’s crew will
consist of the essential scheduled maintenance actions, restor-
ation of function and performance after failure by replacement
of modules or assemblies, and performance monitoring and fault
isolation. Component and modules substitution will be per-
formed with equipments in place. Arrangement designs will
ensure adequate accessibility to equipments for maintenance
without necessitating secondary equipment removals or struc-
ture rip-out.

Intermediate Level

(U) Intermediate maintenance (IM) will be performed by as-
signed tenders, repair ships, or advance base facilities when
deployed and by tenders and designated shore facilities when
in CONUS. Seal (skirt) system overhaul/replacement will be
an IM responsibility and will be scheduled for accomplishment
at 2000-hr intervals (during IM availabilities). The IM facility
will serve as a stock and repair point and will, assisted by the
ship’s crew, accomplish all special tests, inspections, and equip-
ment removal and replacement, and on-board repair while the
ship is alongside. It will provide for installation of designated
SHIPALT and ORDALT packages, rigging and lifting services,

AA-16
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e replenishment,
e strikedown, and
e  certain data-processing and transmission functions.

) Each operating station will have its decision or action responsi-
bility defined, and the controls needed for executing the responsibility should be
positive and simple. Proper design will prevent duplication of decision or action by
two or more persons with resulting manpower savings.

34.1.3 Centralization of Facilities

V) Messing facilities, food storage, and scullery services will be
designed and positioned for manpower and man-hour savings. Workshops and admin-
istrative facilities will, where possible, be similarly centralized in the ship, thereby
permitting greater utilization of skills in the ship’s company.

34.14 Design Work Study Analysis

) Any design work study analysis made should assume the “Navy
Standard Workweek Afloat,” i.e., a maximum of 74 hours per week for watch
standers and 66 hours per week for nonwatch standers.

34.2 Habitability

v) The ship will be designed to habitability standards in accordance
with OPNAV INST 9330.7A. For ships of extremely short duration and unique
operational concept, deviation from this instruction is acceptable but must be fully
described and the trade-offs discussed in the point design report.

Ships Space/Man* Weight/Man**
(m3) (tons)
With less than 15-day 14.9 0.5

mission duration

With 30 days or greater 18.0 1.2
mission duration

* Includes all spaces directly related to personnel, e.g., berthing, food prepara-

tion and handling, sanitary, personnel administrative offices, medical and dental,
laundry, post office, ships store, recreation, and personnel storerooms.

** Includes outfit and fumishings directly related to personnel (approximately
30 percent of total outfit and furmnishing weight), provisions, personnel stores,
crew and effects, potable water, and general stores.
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24.2.2 General S/V Considerations

V) In the A/L vehicle design care was taken to

e minimize radar cross-section by judicious configuration
selection and reduce corner reflectors to minimize homing
points;

e minimize IR signature by judicious selection and placement
of engines and shielding of exhaust ports;

e separate engines sufficiently to minimize multiple engine
damage by a single projectile;

e provide engines with engine compartment or nacelle fire
extinguishing system;

e provide redundant hydraulic systems, redundant aerody-
namic control surfaces and/or excess aerodynamic power
and to use fly-by-wire systems with redundant and separ-
ated wiring;

e provide redundant transfer system to drain fuel from most-
vulnerable tanks first, and to provide fuel tanks with seal-
ing protection up to 14.5mm projectiles;

e bury (in principal structure) or armor the most critical
components; and

e provide five boundaries for large (over 50 tons TOGW)
vehicles, to provide active fire extinguishing systems, to
ensure that all insulation (including sound proofing and
thermal) are live damping agents, nonflammable in pres-
ence of fuel fires, and do not give off noxious gases under
any circumstances.

3. PLANNED USE
3.1 Environment
(U) The vehicle shall be designed to operate in the following environ-

mental conditions:
e day/night and

e all weather, except that takeoffs and landings from land
base are not required in winds exceeding 50 kt.

AA-34
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- Maximum permissible noise levels in cruising flight
(or sea-sitting) occupied spaces are

Design Total Mission Time: less than 4 days

Noise Level: 75 dbA

Work areas requiring occasional crew presence of
short duration are limited to 90 dbA noise level.
An exception is made for SLV which will be con-
strained only by MIL-A-88806.

- All inhabited crew spaces are provided with adequate
ventilation with due regard for prevention of accumu-
lation of toxic atmospheric components. Ventilation
rate of 30 ft3/min/man (15 percent outside air)
is desirable.

v) The standard crew input/output for sizing of food/water/sewage
systems will be in accordance with that shown in Figure AA-9. Personnel perform-
ance degradation as a function of exposure to ship motion and acceleration is
not well-defined especially for encounter frequencies below 0.10 Hz. Differences
occur between criteria issued by various program offices. Furthermore, the use of
RMSg as a criterion is currently being revised by the International Standard Organi-
zation (ISO) based on continued research and will be issued sometime in the next
1-3 years. For consistency, however, and pending any subsequent revision of ISO
criteria, personnel performance degradation shall be measured against the vertical
and lateral accelerations shown in Figure AA-10.

3.6 Margins
) The vehicle should be designed with the following margins:

e  Electrical load: 30 percent growth margin on generating
capacity with one unit out of commission.

®  Weight: 10 percent of the ‘“operating weight empty”
as calculated without use of any margins other
than those specified in this TLR.

4. DESIGN PHILOSOPHY

(49)) The design team is to be guided by the following design philosophy in
making tradeoff decisions.

AA-38
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(U) Eleven of these point designs were configured to a technology level projected for 1985,
which is compatible with a 1995 initial operational capability (10C). Two point designs, the
planing craft (LCPC) and the air cushion vehicle landing craft (LCAC), were designed to the
current technology level, which is compatible with a 1985 10C.

(U) Each of these point designs was provided either by industry or a government engineering
center in response to the specific requirements provided by the ANVCE project office. These
requirements were the result of an analysis of the technology assessment and the military re-
quirements. Contractually, the point designs were conducted in response to a specific set of
common requirements described for convenience and consistency in the form of a Top Level
Requirements (TLR) document. An example of such a TLR and the design standards to which
the point designs are to adhere may be found in Appendix A. For convenience, a summary of
each surface vehicle point design follows, in alphabetical sequence, expressed in a format
similar to that formerly used NAVWEPS Form 13100, “‘Standard Aircraft Characteristics.” To
a large degree these summary descriptions are extracted from the detailed point design descrip-
tion reports prepared by either industry or a government engineering center. In certain cases,
however, it has been found necessary to modify the projected point design performance values
given in the detailed design reports to more properly reflect the technology capability of the
time frame of interest. By way of example, if, say, the projected structural weight fraction of
a given point design from the detailed report appears unduly optimistic and unsupportable by
technology projections than an appropriate modification is incorporated in the summary
descriptions provided in this Appendix. It should be noted that the intent of this appendix is
to provide a succinct summary of all the point designs used in the ANVCE project. For com-
plete details of any one design, the appropriate reference cited in Volume II must be studied.

(U) Chapter III provides a summary of the major characteristics of the ten air vehicle point
designs. These designs are as follows:

o A/L an air loiter aircraft;

o A/L(N) a nuclear-powered air loiter aircraft;

o FAB a fully air-buoyant, lighter-than-air (LTA)
vehicle;

o SAB a semi-air-buoyant, LTA vehicle;

o S/L(L) a large sea loiter aircraft;

o S/L(S) a small sea loiter aircraft;

o S/L(V) a ship-based, vertical/short takeoff and
landing (V/STOL), sea loiter aircraft;

o WIG(H) a hard-end-plate, wing-in-ground-effect
(WIG) vehicle;

o WIG(O) a WIG vehicle that can also operate out
of ground effect; and

o WIG(S) a soft-end-plate, WIG vehicle.






(U) All of these air vehicle designs were designed specifically to a technology level projected
for 1985, which is compatible with a 1995 10C.

(U) In similar vein to the discussion above for the surface vehicle point designs, each of
these point designs was provided either by industry or a government engineering center in
response to the specific requirements provided by the ANVCE project office. In the case
of the air vehicles, however, since they were all “far term” and thus relatively immature
technologically compared to the surface vehicles, parametric analyses were embarked upon
first to further guide the selection of the point designs.

(U) Again, like the surface vehicles it was found in certain cases that the performance pro-
jections of the point designs were not always in accordance with realistic technology pro-
jections.

(U) In addition to these point designs, it was considered informative to compare these
designs with some recognizable “‘baseline” designs where appropriate. Thus, the following
four baseline designs were selected:

o AVP a typical, advanced fixed-wing, land-based
patrol aircraft;

o CXX a long-range cargo aircraft (USAF);

o MONO 3 an advanced-technology monohull of
approximately 3000 tonnes; and

o VSS a V/STOL support ship.

(U) The MONO 3 represents a displacement ship designed to the same technology level
(1985) as 11 of the surface vehicle concepts. The AVP is representative of a projected land-
based patrol aircraft; the VSS is a projected V/STOL support ship; and the CXX is repre-
sentative of current projections of strategic airlift logistics aircraft. While these baseline
designs are not consistent with the standards and requirements established by the ANVCE
project, they do provide reasonable baselines for comparisons. A summary of their charac-
teristics is provided in Chapter IV.

(U) Finally, to provide a reference point with other designs conducted during early design
studies and in some cases to representative hardware, the characteristics of existing designs
are summarized in Chapter V. These designs are as follows:

o CPIC a coastal patrol interdiction craft;

o FFG-7 a USS PERRY class, guided-missile frigate;
o HOC a ocean combatant hydrofoil;

o LSES a large surface effect ship;

o PHM a guided-missile, patrol hydrofoil; and

o ZPG a LTA patrol vehicle.
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(U) TABLE 1. POINT DESIGN LISTINGS

DESCRIPPION

Soaiss) 1000-Ton ACY

Bominal )000-Ton ACV

Alr loiter Afrcraft

Ruclesr Powered Alr loiter Alrerafe
Typical Advanced Petrol Alrcraft

Cosatsl Patrol Interdiction Creft
Long Range Cargo Alrcraft (USAP)

Polly Alr Pooysnt LTA Vehicle
*Perry” Class Cuided Rissile Prigete

Nominasl 700-Ton Righ Speed Mydrofoil
Nominal 2000-Ton Hydrofoil
Rydrofoil Ocean Combatant

Landing Craft Alr Cushioam Vehicle
Landing Creft Planing Craft
lLarge 828

mominal 3000-fon Advanced Technology Sonchull

Mominal 1000-Ton Planing Craft
Guided Miseile Patrol Rydrofoil

Sesi-Alr-Buoyant LTA Vehicle

Nominal )000-Ton S£S

8eS Carrier

888 RMuclear Powered Carrier

Large See loliter Alrcrart

Bmell fea loiter Alrcraft

Ship-Based V/BTOL Bea Loiter Alreraft
Roainal 4000-Ton SWATR Prigete

Rine Counterssesures 6WATH

Puclear Powared EWATR Cerrier

V/8TOL Bupport Ship

Rard Bnd Plate Wing-in-Ground Bffect Vehicle

Out of Cround Bffect Wing-in-Cround Bffect Vehicle
S8oft Bnd Plata Wing-in-Ground Effect Vehicle
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UNCLASSIFIED

III.  AIR VEHICLE POINT DESIGNS

B-139 UNCLASSIFIED
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UNCLASSIFIED

FAB

FULLY AIR BUOYANT LTA VEHICLE

POINT DESIGN SUMMARY

B-155 UNCLASSIFIED
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