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ABSTRACT

The objective of this paper is to describe the background and
current status of a number of U.S. Navy advanced vehicle programs.
Hydrofoils, novercraft, SWATH ships, and hybrid vehicles are addressed.
Vehicles wnich are currently operational or under construction are
shown and their cnaracteristics are described. Particular reference
is made to tne unique properties of these advanced vehicles which

offer special advantages in their military application.

The Navy is currently conducting an Advanced Naval Vehicle Concepts
Evaluation (ANVCE) Study. The assumptions, approach, and present status
of this extensive analysis are described. It is anticipated that this
effort will provide a sound basis for comparison of relative military
worth of these advanced vehicles as well as an assessment of the needs
for further development.

The paper concludes with some comments on technology transfer and
the status of some commercial exploitation of Navy sponsored technology
developments.

INTRODUCTION

For many years the U.S. Navy has been actively engaged in programs
of investigation and development of a variety of concepts for ships and
craft offering the promise of improvements in performance or achieve-
ment of capabilities not presently available to the Fleet. In essen-
tially every case, these concepts are not really new but represent new
looks at old ideas in the light of new subsystem technology. The ad-
vent of the marine gas turbine and associated high performance propul-
sion system components, light-weight structure and materials, automatic
control systems, and a host of other modern technological inventions
and innovations make many neretofore impractical concepts an attainable
reality. These new venicle concepts do not come without price, however,
and the Navy has had to face the fiscal reality that "performance at
any price" can not be accepted as an axiom of the research and develop-
ment business. As a consequence of the continuously rising costs of
development and the increasing number and volume of claimants for the
defense dollar, the Navy is under increasing pressure to pursue
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only those concepts which offer a real payoff in increased military
effectiveness. This has led to initiation of the "Advanced iNaval
Vehicle Concepts Evaluation" whose purpose and. status is described
in this paper. : = e, :

The main thrust of the paper is to describe the current status
of development of a number of advanced naval surface vehicle programs
which cover a broad spectrum of :concepts. ‘The various surface vehicles
Currently being considered are shown diagramatically in Figure 1.
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Figure 1. Diagram of Marine Surface Vehicles.

The name "hovercraft" was conferred by the recognized inventor
of such vehicles in their present day form, Sir Christopher Cockrell.
Many apply this name to all vehicles that are either fully or partially
supported by a cushion of air, regardliess of whether or not the vehicle
is amphibious. The U.S. Navy has adopted the term air cushion vehicle
(ACV) for amphibious hovercraft, and the term surface effect ship (SES)
for those craft that are non-amphibious, having sidewalls which pene-
trate the water surface and provide some buoyancy.

Hydrofoils are ships. and craft whose weight is supported by Tift-
ing surfaces much the same as aircraft wings. These 1ifting surfaces
are either fully submerged or penetrate the air-water interface
(surface-piercing). The Navy has explored the merits of each type of
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hydrofoi] system and has concluded that the fully-submerged foil system
offers superior characteristics, even though it requires an autopilot
control system.

Planing ships and craft continue to offer a number of attractive
features not the least of which isirelatively low cost. Significant
improvements have been made in planing hull forms and these have done
much to overcome some of the disadvantage of poor ride quality in
rough seas. In a recent development directed toward improved inshore
warfare craft, improved hull form, light weight aluminum structure,
gas turbine propulsion, and other technological advances were in-
corporated in a nominal 100-ton advanced planing craft. This 100-ton
craft, designated the Coastal Patrol Interdiction Craft (CPIC) demon-
strated new potential for planing ships in rough water roles.

It must be noted that none of these advanced concepts are expected
to replace the mono-hull ship in its capabiity to carry a military or
commercial payload. Furthermore, the monohull ship can also benefit by
application of many of the technological inventions and innovations
applied to socalled advanced naval vehicles. This is not without a price,
however, and the real payoff of the mono-hull conventional ship in its
economical transport of large payloads.

Finally, we come to the multi-hull ships of which two types are
shown. First, there is the conventional catamaran whose hulls are of
generally "ship-shape" and the so-called Small Waterplane Area Twin
Hull (SWATH) ship, whose hulls are submarine-like.

The Navy's development programs in hovercraft, hydrofoils, and
SWATH snips are described in the following sections. Reference is
also made to limited investigations of so-called hybrid vehicles
¥hich embody some of the special characteristics of these generic

orms.

The following definitions of speed regimes have been used in this
paper as suggested in reference 1.

0 to 20 Knots Low Speed

20 to 40 Knots Moderate Speed
40 to 60 Knots High Speed

60 to 80 Knots Very High Speed
Above 80 Knots Ultra Speed

Hydrofoils

The Navy's interest in development of hydrofoil ships and craft
spans three decades. In 1947 the Office of Naval Research began to
sponsor hydrofoil research by industry, university, and government
laboratories which included analyses, model experiments, and the design,
construction and test of a variety of small developmental craft. One
of the more significant test craft produced during the 1950's was SEA
LEGS. This was a 5-ton, 30-knot Chris-Craft hull which was converted
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by Gibbs and Cox, Inc. and the MIT Flight Control Laboratory to
demonstrate a fully-submerged, autopilot-controlled foil system. The
300 hours and 8000 miles foilborne operation of SEA LEG'S over a 6-year
period conclusively demonstrated the advantages of this type of hydro-
foil configuration. : :

In 1960, after assessment of data derived from SEA LEGS and the
numerous other test craft, the expanding hydrofoil technology base,
and the potential offered by such craft in improving naval mission
capability, the Bureau of Ships undertook an accelerated program of
hydrofoil development. One of the first steps in this program was the
authorization of the HIGH POINT (PCH-1) in the FY 1960 shipbuilding
program. _ :

HIGH POINT is shown in Figure 2. It was designed by the Bureau
of Ships, built by the Boeing Company and delivered to the Navy in
October 1963. It was originally intended that the ship would be
delivered to the Pacific Fleet for operation by the Mine Force. How-
ever, as a result of numerous technical problems arising during early
Navy trials, it was recognized that the hydrofoil state-of-the-art was
not yet adequate to produce a satisfactory fleet ship with acceptable
operational reliability. This led, in 1966, to reassignment of the
ship to the newly formed Hydrofoil Special Trials Unit (HYSTU) of the
Naval Ship R&D Center (NSRDC). The Center established this unit as a
tenant activity of the Puget Sound Naval Shipyard in Bremerton,
Washington. The HYSTU charter is to carry out technical trials, acquire
full-scale data, and .provide the basis for re-design and modification
of assigned prototype ships to achieve acceptable performance and
reliability. :

In parallel with the PCH-1 acquisition, in 1962, the experimental
hydrofoil ship PLAINVIEW, (AGEH-1) was authorized. The guidance design
of PLAINVIEW was performed by the Grumman Company. Detailed design and
construction was later awarded to the Lockheed Shipbuilding Company in
Seattle, Washington. After numerous difficulties and delays the PLAIN-
VIEW was delivered to the Navy in 1969 and also assigned to the Hydro-
foil Special Trials Unit. PLAINVIEW is shown in Figure 3. At 340-
tons, it is still the largest hydrofoil ship ever constructed,
PLAINVIEW is fully instrumented with strain gauges, accelerometers,
pressure transducers and other sensors providing a wide range of inputs
to an extensive data recording system.

Both HIGH POINT and PLAINVIEW have established the technology, design,
and operational experience base for the Navy's hydrofoil development
program. Each has undergone a major overhaul and modification to incor-
porate improved subsystem and component designs.

A third craft acquisition was initiated in FY 1966 with authori-
zation of two Patrol Gunboat Hydrofoils (PGH). Only Grumman and Boeing
responded to the contractor solicitation. Each presented a substan-
Tially ditrerent design concept tor these nominal 60-ton craft. As a
result, the decision was made to procure one craft from each contractor.
Contracts were awarded in April 1966. FLAGSTAFF (PGH-1) is shown “in
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Figure 2. Naval Hydrofoil HIGH POINT,
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Figure 3. Naval Hydrofoil PLAINVIEMW, (AGEH-1).

i1t by Grumman and delivered to the
(PGH-2) is shown in Figure 5. PGH-2
was delivered in February 1968.
pelled Navy hydrofoil. After

ined -to the Pacific Fleet. In

The deployment was considered

0 be tarily success articularly in view of their being one-
of-a-kind, first-of-a- d craft and thus difficult to support.

TAFF was assigned to operate as part of the
‘nohibious Forces based in San Diego. In 1974 the Navy loaned FLAGSTAFF
the ' S. Coast Guard for several months for evaluation in performing

“neir expanded patrol role. (Sometime later,
2 as s a result of this experience, in
‘ agreement er FLAGSTAFF to the Coast Guard
r operation o t Such operations have further
smonstirated t the hydrofoil in this role.

Followi dep =nt t am, the TUCUMCARI was sent to
Lurupe for-a LATQ tour and demons ions. From April until October
1971 she owperatle. in -uropean weters, visiting seven NATO countries
atiu perf i SrouS cerunstrations and combat exercises. This was
a yrueli ex;Jerisnce tne suiall crew and they performed magnifi-
centh These ex=rcises uncoubtedly were of sianiticant influence on
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Figure £. Naval Hydrofoil TUCUMCARI, (PGH-2).



the later decision to procure a NATO fast patrol hydrofoil. The 390
foilborne hours logged by TUCUMQARI in European waters also contributed
to enhanced confidence in the potential of hydrofoil ships.

Upon return from Europe TUCUMCARI was assigned to the Amphibious
Force in the Atlantic Fleet. In a sad ending to a distinguished period
of performance, in November 1972, while conducting night exercises with
the 2nd Fleet TUCUMCARI ran onto a coral reef north of Vieques Island.
Tne ship was salvaged and transported to her base in Norfolk, Virginia
where it was determined not to attempt repair of the extensive damage.
She was removed from the active list in November 1973. The hull,
struts, and foils were transported to DTNSRDC for structural and
material tests.

In November of 1972, the United States, Italy and Federal
Republic of Germany signed a memorandum of understanding for a joint
program to design and procure a patrol hydrofoil missile ship designated
the PHM. This MOU was based on a design study performed by Boeing
during the previous year. The objectives of this NATO program were
to design and construct a lead ship and establish a production data
package, together with full-scale results, adequate to support national
decisions for a follow-on production program.

In February 1973, a contract was awarded to Boeing for two lead
ships. Launch of the PEGASUS (PHM-1) occurred in November 1974. The
ship is shown in Figure 6 which displays the weapon suite comprising
multiple HARPOON missile box launchers on the stern, the fire control
radar above the pilot house, and the Italian 76mm OTO Melara rapid
fire gun on the bow. During the year following launch the PEGASUS
underwent extensive performance and operational testing in the Seattle
area. In September 1975 she madea foilborne transit of 1200 miles to
San Diego where sne underwent a seven-month combat systems trials
program in preparation for full operational evaluation (OPEVAL).

This final stage of evaluation was successfully completed in June 1976.
During this OPEVAL, PEGASUS demonstrated ship and weapon system perfor-
mance which was a new milestone in enhanced naval capability.

The Navy has been given the go-ahead and funding to proceed with
acquisition of five follow-on ships. One will be delivered without a
weapons suite and will be used in evaluating the potential of PHM to
perform other warfare roles. As for our NATO partners in this enter-
prise, many of the original plans appear to be overtaken by events not
the Teast of which has been a significant increase in the expected ship
cost.




: Figure 6. Naval dydrcfoil PEGASUS, (PHM-1).



On the continuing R&D front, the PCH-1 is being employed to
support the PrM progru the evaluation of new and improved ship
subsystems and mission equipment. It is likely that this ship, which
nas been a mainstay in hydrofoil technology development for many years,
will soon reach tne end of her illustrious Navy career. Meanwhile,
tne focus of development is about to shift to consideration of advanced
hydrofoils combining the reliability of PHM with the performance in
other roles. A large hydrofoil ocean combatant which may be in a
range of sizes from 700 to 1500 tons is also a 1ikely candidate for

furtner development. Figure 7 is an artist's rendering of such a ship
of the future.

Figure 7. Large Air-Capable Hydrofoil Concept.

The principal characteristics of the Navy's operational hydrofoil
ships and craft are summarized in Tablel. If the reader wishes
additional information references 2 and 3 should prove helpful.
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TABLE I

CHARACTERISTICS OF U.S. NAVY HYDROFOILS

PCH-1 AGEH-1 _PGH—] PGH-2 PHM-1

Full Load '
Displacement (Tons) 126 320 69 58 231
LOA (Ft.) 115 212 74 72 146
Max. Beam (Ft.) 32 40 _ 21.5 19.5 27.6
Draft (Ft.)

Foils Up 8.6 6.3 4.3 4.4 6.0

Foils Down 19.8 25 13 13 22
Speed (KTS)

Hullborne 12 13 9 9 11

Foilborne High* High* High* High* >
Foil

Configuration CANARD AIRPLANE AIRPLANE CANARD CANARD
Max. Cont. HP. 6200 28000 3200 3200 18000
Gas Tuwbine PROTEUS(2) LM1500(2) TYNE PROTEUS  LM2500
Propulsor PROPELLER  PROPELLER PROPELLER WATERJET WATERJET

* 40 to 60 knots - See reference 1.

Hovercraft

The U.S. Navy's active interest in hovercraft dates from the
early 1960's with a number of research programs being sponsored by
the Office of Naval Research and the Bureau of Ships. In 1963 the
Navy acquired the Hydroskimmer (SKMR-1), a nominal 25-ton test craft
designed and constructed by Bell Aerospace Company. This was the
largest Air Cushion Vehicle in the U.S. at that time and was capable
of calm-water speeds up to 70 knots. This successful program was
followed by acquisition and deployment in Vietnam of three Patrol Air
Cushion Vehicles (PACV) which were actually conversions of the
SRN-5 produced by British Hovercraft Corporation. Experience with
these craft demonstrated the value of the ACV's capability to travel at
high speeds over a wide variety of unprepared surfaces.

With the issuance, in 1965, of a Navy requirement for improved
landing craft, it was natural to include the ACV as one of the leading
candidates for this role. At the onset, the Amphibious Assault Landing
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Craft, (AALC) Development Program, directed by the Naval Sea Systems
Command, undertook formulation of an extensive computer model to
examine various mixes of different landing craft and identify an
optimum set to perform the ship-to-shore mission. This study was
carried out by Stanford Résearch Institute and led to the conclusion
that ACV's of 30,000 and 120,000 pound payloads merited development

as assault landing craft. Funding constraints did not permit develop-
ing both sizes simultaneously so the decision was made to concentrate
on the larger size craft.

Early in 1970 contracts were let to the Aerojet-General Corpora-
tion and Bell Aerospace Company for preliminary designs of an ACV
capable of being transported in the well-deck of the LSD or LPD and
of carrying a 60-ton payload at 50 knots in sea state 2 through the
surf zone and over the beach. Each contractor produced a design in
accordance with the Navy specifications but embodying several
significantly different technical approaches to major subsystems
configurations. As a result, early in 1971 the Navy contracted for
the detailed design and construction of a developmental prototype by
each contractor.

The Aerojet Craft (JEFF A) and Bell craft (JEFF B) configurations
are shown in Figure 8 and their characteristics are given in Table II.
It is also of interest to note the comparison of planforms and payloads
shown in Figure 9. Here the AIST is a Soviet military ACV now in
production and tine SRN-4 is the cross-channel ferry built by British
Hovercraft Corporation (BHC), a new stretched version of which is
now under construction. The Bell SK-5 is a military version of the
SRN-5 previously mentioned and the SRN-6 is a stretched version of
the SRN-5. A military version of the kell (of Canada) Voyageur,
designated the LACV, has been purchased by the U.S. Army and has
been undergoing tests at Ft. Story, Virginia. Finally, the BH-7
is a military ACV produced by BHC,

The more important differences between the two design approaches
embodied in the JEFF craft are shown in Figure 10. In Figure 11
these underviews of experimental models show that the Bell bag and
finger skirt design requires compartmentation of the cushion by
stability trunks whereas the, Aerojet version with pericell skirts
requires no compartmentation. :

The JEFF(A) was constructed by Todd Shipyards, Seattle, Washington
and was transported by barge to Aerojet's facility in Tacoma, Washington,
for outfitting and test. In Figure 12 the craft is shown before attach-
ment of the skirt. The craft is presently at the Experimental Trials
Unit of DTNSRDC which is located at Panama City, Florida, as a tenant
activity of the Naval Coastal Systems Laboratory.

The JEFF B was constructed by Bell at NASA's Michoud facility
in New Orleans, and has been delivered to the Experimental Trials
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Figure 8. Arrangements of JEFF A and JEFF B
Air Cushion Landing Craft.
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CRAFT BEAM-FEET

TABLE 11
JEFF CRAFT CHARACTERISTICS

JEFF A JEFF B

Length (Ft.) % 87

Beam (Ft.) ' 8. 47
Height (Ft.) & 23
Gross Weight (Lbs) 340,000 325,000
vCargo Area (th) 2,100 1,740
Speed (KTS) 50 (SS-2) 50 (SS-2)
Range (NM) 200 200
Slope Cap. (%) 11.5 13
Inst. Power (HP) 16,800 16,800
Engines 6-TF40 6-TF40
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Figure 11. Aerojet Pericell and Bell Bag and Finger Skirt Systems.
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Figure 12. JEFF A Before Skirt Attachment.

Unit. It is currently undergoing the planned extensive test program. In
Figure 13 the JEFF(B) is shown at the Panama City facility.

In the trials program, performance envelopes will be explored and
extensive full-scale data will be obtained on structures, machinery,
auxiliary systems, control, and motion characteristics in calm and rough
seas, through surf zones, and overland. A full demonstration of opera-
tions in and out of the well-deck of an assault ship will be conducted.
Evaluation of these two craft, each of which is expected to meet perfor-
mance goals, will provide the basis for the specification, design, and
acquisition of a new class of air cushion landing craft. Reference 4
provides considerably more detail on the AALC craft characteristics and
the planned evaluation program.

With the increased interest in the potential offered by the air
cushion vehicles, in 1958, the Defense Advanced Research Projects
Agency (ARPA) undertook a broad study of ACV military applications
and concluded that these craft offer a significant capability to
traverse the various types of surfaces found in the Arctic region.
They are particularly attractive because their low-foot-print pressure
permits traversing the tundra and permafrost without causing the kind
of damage caused by other vehicles. The multi-terrain attributes of
these craft and the increasing interest in our Arctic presence led
ARPA, in 1970, to initiate a separate program to develop the techno-
logy base for application of ACV's in the Arctic. This effort was
designated the Arctic Surface Effect Vehicle (SEV) Development Program -
to distinguish it from the Navy's other ongoing ACV development.
Because of their already heavy involvement in ACV technology, ARPA
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Figqure 13. JEFF B Before Skirt Attachment.

sought and received the Navy acceptance of program responsibility.

Under the technical direction of DTNSRDC, with participation by
the U.S. Army's Cold Regjons Research and Engineering Laboratory
(CRREL), and the Applied Physics Laboratory of John Hopkins Univer-
sity (APL/JHU), the program undertook to:

"develop the technology required to exploit the Arctic military
potential offered by the Surface Effect Vehicle."

The initial goals for the Arctic SEV characteristics were
established as follows:

Gross Weight 1000 tons
Payload 300 tons
Range 3000 n. miles
Maximum Speed 150 knots
Endurance 60 days

Phase I of the program was directed toward deyvelopment of the tech-
nology base related specifically to Arctic vehicles and included
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the following major task areas:

. Definition of the Arctic environment

. Parametric analysis and trade-6ff studies of vehicle concepts

. Investigation and development of critical subsystems, including
skirts, structure, life support, obstacle avoidance, and
navigation equipment ,

. Establishment of criteria for design

. Preliminary design and analysis of several vehicle configura-
‘tions and sizes

During the summer of 1971 an extensive test program was conducted
in the vicinity of Point Barrow, Alaska. Using a refurbished SK-5
(PACV), Figure 14, operated by the Coast Guard, data were obtained
under a variety of conditions including operation over the ice pack,
the open sea, and the tundra. These operations confirmed the great
facility of these craft to traverse all types of terrain including
their ability to traverse obstacles of near skirt height.

Figure 14. Patrol Air Cushion vehicle, (PACV), in Arctic.

During the course of Phase I, it became clear that the original
goals for vehicle characteristics were not only too ambitious but
such characteristics were not necessary to satisfy envisaged require-
ments. Accordingly, the following modified goals were adopted:
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Medium Size Large Size

Gross Weight (tons) 150 500
Payload (tons) ¢ 30 50
Range (nautical miles) 500 800
Maximum Speed (knots) 60 70
Endurance (days) 2 14

Here, it may be noted that the medium size was influenced by the
comparable size of the JEFF craft whose detailed designs were already
available.

In 1ight of these new goals and new data being generated by the
broad spectrum of technology development, contracts were let to Bell
and Aerojet to prepare preliminary designs of a 150-ton nominal size
ACV suitable for Arctic operation. A third contract was let to Boeing
for the conceptual design of a nominal 500-ton Arctic SEV. Photo-
graphs of small-scale display models of those designs are shown in
Figure 15. The large white object prominently mounted on each super-
structure is the obstacle-avoidance radar conceived by APL/JHU.
Internal arrangement drawings of the three concepts are shown in
Figures 16, 17, and 18.

It was the original intent of the program to follow Phase I with
the design, construction and evaluation of a developmental prototype
to be operated under actual Arctic conditions. ARPA had anticipated
that one or more of the military services would join in supporting
such a venture. By 1974, however, as the Phase I effort drew to a
close, no such interest on the part of the services had materialized.
Further, there was no clear mission requirement calling for such a
vehicle to be developed. As a result, ARPA decided to terminate the
program with full documentation of the extensive technology develop-
ments and design studies. A1l the work of the program was summarized
and published in a two-volume summary report, reference 5. Contained
therein is a wealth of data and numerous additional references to
other material covering definition of the Arctic terrain and environ-
ment; the technology of SEV subsystems and system design; and the
development of navigation, communication and obstacle avoidance sys-
tems. As an additional source of information for those who wish to
delve deeper into the complete spectrum of ACV technology reference 6
by Mantle is recommended as the most comprehensive and up-to-date
Publication on the current "state-of-the-art."

SWATH Ships

The acronym SWATH, standing for Small Waterplane Area Twin-Hull Ship,
was selected by the Navy to distinguish this member of the catamaran
family from other forms with twin ship-1ike hulls. The SWATH ship is now
recognized as a promising advanced naval vehicle configuration.
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Figure 15. Arétic SEV Models of 150-Ton Aerodjet,
150-Ton Bell, and 500-Ton Boeing Concepts.
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Figure 18. Arrancement of Boeing 500-Ton Arctic SEV.
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The SWATH concept features two fully-submerged, submarine-like,
demi-hulls connected to an above-water, box-1ike bridging structure
by one or more relatively thin struts attached to each demi-hull.
Figure 19 depicts an artist's rendering -of a nominal 2500-ton air-
capable SWATH ship. It is not a new idea, having been proposed in
the form of various basic patents going back to the 1800's. However,
as with many other advanced naval vehicle concepts, there has been no
significant exploitation of the idea until relatively recently. In
the late 1960's the advantages offered by SWATH ships began to
generate considerable interest in both the military and commercial
applications of this ship configuration. These advantages include
excellent platform steadiness in rough seas, at Tow speed in a seaway,
large useable deck area, and the volume efficiency of the main structure.
During this period Litton Industries, with its TRISEC concegt, the Naval
Ocean Systems Center (NOSC) with its Semi-Submerged Ship (S3), and the
Naval Ship R&D Center with a number of model configurations were all
actively engaged in establishing a basis for design of such ships and
confirming their utility for naval application. In 1973 the Naval Material
Command sponsored a laboratory program to establish a firm technology
base adequate to proceed with acquisition of a large developmental proto-
type. NAVMAT also supported the design and construction of a 190-ton
SWATH workboat for use by NOSC at its Hawaii laboratory. This craft,
designated the SSP KAIMALINO, is shown in Figure 20. It was constructed
by the Coast Guard Yard at Curtis Bay and has the following character-
istics:

Overall length 88.3 feet
Beam 49.7 feet
Maximum draft 15.3 feet
Installed power 4000 HP (two 2000-HP
. gas turbines)
Maximum speed 25 knots

In 1975 direction of SWATH development was assigned to the Naval
Sea Systems Command. Sin:e that time the Navy has continued to
expand the understanding of structural, hydrodynamic, and performance
aspects of SWATH design tarough laboratory experiments and analyses.
Technical trials have also been conducted with the SSP during which
extensive data on structure, control, motion, and other performance
factors have been gathered. Of particular note was the conduct of
more than 80 landings and take-offs of a LAMPS, SH-3 helicopter under
various conditions of speed, wind over the deck, and sea state. The
pilots flying these qua?ification tests were most enthusiastic about
the excellent characteristics of tiis craft and noted that it could
only be compared to an aircraft carrier in its qualities as a heli-
copter platform. The steadiness and controllability of the craft
in rough seas has also been adequately demonstrated to a large number
of observers who have ridden it in recent months.

Another important part of the current effort is being carried
out by the Naval Ship Engineering Center where a number of designs
have been developed to support selection of the more promising ™
applications for the SWATF concept. These designs have ranged from
a nominal 2500-ton size for applications such as a mine countermeasure
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Figure 19. 2500-Ton Air Capable SWATH Ship Concept

Figure 20. SSP KAIMALINO with Helo.
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ship, an escort, or Coast Guard support ship, all air capable, to
large VSTOL-carrying ships ranging up to as much as 45,000 tons.
Artist's renderings of 7000-ton and 12000-ton air capable SWATH con-
cepts are shown 1n Figures 21 and 22. For sizes up to about 2000 tons
construction of aluminum is desirable and may be necessary to achieve
an acceptable payload fraction. Above about 2000 tons, steel can be
used and the cost of construction should not differ substantially

from that of conventional monohulls of equal displacement.

Although the SWATH ship does offer some significant advantages over
monohull ships, there are also disadvantages that must be recognized.
For a given displacement it is clear that a SWATH ship will have a greater
draft than a monohull. This can be offset somewhat by ballast control.
Another natural consequence of reducing the waterplane area is an in-
crease in sensitivity to changes in disposable load. Here again, ballast
control can serve to offset this effect. Adequate control of SWATH ships
may require some form of active control surfaces on the demi-hulls.
Finally, although their reduced response to the seaway permits maintain-
ing significantly higher speeds in rough waters than comparable monohulls,
the calm water drag of SWATH is greater as a result of significantly
greater wetted surface.

At this time it may be stated that it seems clear that the
SWATH ship is a concept whose time has come. There seems little
question that in the very near future the Navy will identify a firm
requirement for which a SWATH ship will offer superior performance
and utility. This will also give added momentum to the already
considerable interest in commercial applications of this novel and
promising ‘hew ship type. Those who wish to explore further the
technical and design aspects of SWATH ships will find references 7
and 8 useful sources of information.

Navy Study

As the numbers of potentially useful concepts for new naval
vehicles have multiplied and costs of development have increased, more
and more questions have been raised regarding their relative merits in
application to naval missions. This situation led, in late 1975, to
the initiation of a broad evaluation under the direction of the Chief
of Naval Operations. The effort, designated the Advanced Naval Vehicle
Concepts Evaluation (ANVCE), is still underway and not expected to be
completed before early 1978. It encompasses hydrofoils, surface
effect ships, air cushion vehicles, SWATH ships, planing ships, wing-
in-ground effect (WIG) vehicles, lighter-than-air craft, sea-loiter
aircraft, and air-loiter aircraft. Conventional and advanced monohull
ships are also included as a baseline for comparison. The study is
divided into six major phases, the first four of which essentially have
been completed.
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Figure 21. 12000-Ton Air Capable SWATH Ship Concept.

Figure 22. 7000-Ton Air Capable SWATH Ship Concept.
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Phase one addressed the specifications of a number of realistic
scenarios wherein the various vehicles of interest might be expected
to find application. In phase two there was a comprehensive assess-
ment of the technological state-of-the-art underlying each vehicle
concept and identification of critical gaps in the technology. In
parallel with this phase, phase three addressed the formulation of an
. acquisition and life-cycle cost model. Phase four was directed toward
overcoming the identified technology gaps by conduct of some critical
experiments and further analytical studies, thus providing an
acceptable technology base for vehicle comparison. In other words, an
attempt was made to bring the risks in vehicle assessment into some
reasonable balance.

Clearly, the wide range in the level of maturity of the techno-
logy underlying the various concepts prohibited full parity in this
regard. The paucity of real data for some of the aircraft concepts
was, for example, difficult to overcome within available time and
funding. Phase four also addressed itself to the need for realistic
design concepts including combat suites compatible with platform
characteristics. A number of "point designs" were developed for each
vehicle, in a range of sizes, each drawing from an approved list of
weapon and sensor systems those equipments considered most suitable for
a given mission application. This, in effect, permitted each vehicle
"advocate" to "take his best shot" at a scenario where his vehicle
offered potential utility.

Phase five of ANVCE has, not surprisingly, proved to be the most
troublesome. Here, an attempt is being made to combine in a compre-
hensive computer model the vehicle costs and performance characteris-
tics to assess their relative military worth in carrying out the
postulated naval mission. As might be expected, this is a formidable
task. Incorporation of those vehicles'characteristics in a realistic
environment involves extremely complex mathematical modeling. On the
other hand, attempts to simplify the model can easily lead to elimina-
tion of the very attributes which created interest in a concept in the
first place.

Once a basis for assessing the relative military worth of these
advanced vehicles is established, the final phase of ANVCE will be
ready to make recommendations for future vehicle development.

In the meantime, however, the evaluation has already produced a
number of tangible benefits. At the onset it was recognized that there
was great need for standardization of terminology and nomenclature.

As a result, a number of working papers were produced that established
a consistent basis for comparison of performance characteristics.
Consistency was also brought about in the definitions of various
design margins.
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The opportunity to make a comprehensive assessment of current
technology and identify critical gaps was in itself adequate justi-
fication for much of the effort. There are also a number of deficien-
cies which have been brought into(better focus and which require fur-
ther attention. Most notable of these is the whole issue of how to
define "ride quality". This is a matter not only of concern to the
military but also to the operator of commercial marine vehicles. If
‘the surface of the sea were always calm there would be little interest
~in many of these advanced marine vehicles. The sea surface is seldom
-calm, however, and the ability to operate economically in rough seas
at reasonable and even very high speeds is a performance characteris-
tic much sought after. The description of the sea surface, the motions
of a platform in the seaway, and the effects of these motions on
ship performance, human and equipment performance, are all involved
in the formulation of rational criteria for comparing the relative
merits of vardous vehicles. Much progress has been made in this
area but there is much yet to be accomplished. For example, the
question of how to quantitatively relate the motions of a vehicle
to the performance of human operators is still far from resolved.
Certainly ANVCE has called much needed attention to many such issues
and will,hopefully, stimulate increased effort to resolve these
fundamental questions.

Technology Transfer

The development of Advanced Naval Vehicles for the U.S. Navy has
been the cause as well as the beneficiary of a massive and multi-
dimensional technology transfer effort. The advanced technologies
in structures, materials, propulsion and other subsystems provided
the basis for the Navy to establish programs. These programs con-
tinue to provide a focus for developing new technology in platforms
and payloads which is flcwing back into commercial applications.

In the case of the development of advanced marine vehicles,
the great bulk of the technology base already resides in industry
because it has been developed in partnership with industry.

Aerospace firms such as Boeing and Grumman have long been in-
volved in contracts supporting the Navy's expansion of the hydrofoil
technology base. They, in turn have applied this knowledge to
pursue commercial applications. Boeing has produced the JETFOIL,
discussed in a separate paper, which they have marketed around the
world. Grumman also has actively pursued the commercial hydrofoil
market and is currently negotiating with Israel for purchase of a
stretched version of the FLAGSTAFF.

In the case of hovercraft, much of today's technology was

developed through British government and industry efforts. In the
U.S. currently it is fair to say that a major portion of the technology
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resides with industry even though the Navy has been a major sponsor
of hovercraft research and development. Here also major industrial
firms such as Bell Aerospace, a,licensee of British hovercraft, and
Bell's Canadian subsidiary are &ctively pursuing the commercial
market for the air cushion vehicle.

There is another aspect of technology transfer which should
also be addressed and that is the transfer or translation of research
and development results into criteria which may be used by the
designer of production hardware. The problems of form, language,
and process involved in providing the hardware designer and the con-
tract specification writer with the data and tools they need is
pften not given enough attention by the development community. It is
not nearly enough to hand over a five-foot shelf of technical reports
@s the finished product. This was a somewhat painful lesson learned
tn the Navy's hydrofoil development program where the infusion of
basic technology into the design community met with considerable
difficulty. It was soon realized that it was necessary to distill
from the voluminous data base, the essential criteria for design and
to clearly document the rationales supporting the myriad of design
trade-off decisions which had been made. It was also recognized
that there needed to be a specialized computerized data repository
€0 permit ready access to the available data base and to categorize

e data in accordance with their relevance and validity. This
{:ﬁsto the creation of what is now known as the Advanced Ship Data
Management System maintained by the Naval Ship R&D Center. This
gomputerized working tool provides interactive access to reports,
working papers, experimental results and other data for Navy and

alified contractor personnel actively working in the development

3:d design of advanced surface vehicles.

As a mechanism to provide tools to the designer it was also
recognized that there was need for a general specification to
provide the detailed foundation for specification of a particular
ship. This has been instituted in the case of hydrofoils and a 19~
volume GENSPEC is currently in preparation by teams of government
and contractor technical personnel. It is expected that this will
provide the model for other vehicles such as the hovercraft
thereby facilitating their progress into the stage of production
hardware acquisition.

The technologies which have been developed for use in these ad-
vanced vehicles have broad commercial application. The need for re-
duced weight has led to adapting some advanced design and weight
control techniques used in aircraft and space programs to marine
vehicles. Computer-aided design, aluminum and plastic materials
for hulls and piping, marinization of gas turbines derived from
aircraft engines, high speed reduction gearing, and more efficient
electrical and hydraulic systems are a few examples. The premaum
on weight reduction and cost reduction has also led to emphasis on
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reduced manning which, in turn, has reemphasized reliability and
ease of maintenance as major design considerations. Special new
materials such as HY-130 steel for hydrofoil struts and foils as well
as the whole technology of flexible understructures have been

developed specifically for advanced marine vehicles.

There are always problems when bringing new technology out of
the laboratory and into the open oceans. Premature exposure can
be fatal to new ideas. However, some of these new ship concepts
have matured enough to be ready to enter the competition of the real
world. We talk about problems because the advantages which these
concepts offer are not free. Better performance may cost more money.
Whether the cost is reasonable depends largely on the recognition
of the values as well as understanding of which old ideaa are no
longer vaiid.

In the early days of hovercraft, for example, the large power
needed to provide a reasonable air gap was a major concern. Another
problem was stability while cushionborne. Both of these problems
changed drastically with the invention of flexible understructures,
cushion dividers and pericells. The 1ift problem shifted to the
reliability, maintainability and vulnerability of the skirts as well
as shapes and fabrication techniques to improve performance and
reduce cost. As these problems have been solved the problems of
efficient fans and air distribution systems are receiving greater
attention.

Sidewalls were introduced to reduce cushion air leakage with
rigid, and later, flexible seals at the bow and stern. The sidewalls
provide a convenient location for propulsion systems on large
vehicles. Cavitation and structural loadings due to wave impacts
then appear as problems. Careful design, smooth skins and model
testing to confirm predicted loads and motions provide reasonable .
answers to these problems.

Maneuverability in terms of course-keeping and turning radius is
very different for air cushion yehicles, hydrofoils, and SWATH ships as
compared to conventional monohull displacement ships and high-speed
planing hulls. Sidewalls can provide directional stability if they are
located aft. Air cushion vehicles, with air propulsion, tend to use
aerodynamic control surfaces. The traditional problems of static and
dynamic stability are magnified when higher speeds require quick reac-
tion. Powerful computer programs have been developed and are being
verified by full-scale experience. This technology is well in hand. In
fact, the U.S. Navy has developed and demonstrated the Hydrofoil Univer-
sal Digital Autopilot which has been used to control the very different
configurations of the PCH and AGEH.
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As -the major problems of size, speed and configuration have
been solved, the technological emphasis has begun to move from
"proof of fundamentals" to "optimization of subsystems." This
shift of emphasis is notable in many areas ranging from foil and
strut shapes for hydrofoils to the welded hydraulic system and
HY-130 steel tail strut and foil on AGEH.

Many of the problems which occupied our attention just a few
years ago are now in hand. For example, the question of canard
versus airplane or tandem foil configurations is now clearly seen
to be a matter of arrangement and balance rather than an issue
of fundamental hydrodynamic performance of hydrofoils. The guestion
of single strut compared to twin struts on SWATH ships seems to
be in the same category.

The fact that many of these advanced vehicles operate for long
periods of time at high speed in rough seas has stimulated research
and development on seakindliness. This has been accompanied by
greater emphasis on how to provide smoother riding qualities to
reduce the risk of structural damage to the ship and to prevent
degradation of the cargo and crew performance.

One example of the wide interest in these advanced craft is
the recent publication of an "Advanced Surface Craft Economic
Model," Reference 10, by the Society of Naval Architects and Marine
Engineers. This model can be used to compare advanced and con-
ventional craft in a simple fashion before deciding whether they
might be used advantageously in commercial services.

This paper must end on a note of caution. The advantages and
limitations of these advanced conceptshave been discussed. These
concepts should be used where their advantages pay off and where
their inherent limitationsare recognized. The enthusiam of the
advocates should not be allowed to be the foundation for mis-
applications. The advantages of these concepts are real and proven.
The limitations are known and require careful consideration. Success-
ful application will lead to broader usage,more feedback and further
refinement,

The author wishes to express his gratitude to Mr. William Ellsworth,
Head of the Systems Development Department at DTNSRDC, who has supported
these programs over the years and who is the coauthor of the paper on
which this presentation is based.
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