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lights of the 190-ton Stable Semisubmerged Platform (SSP) are presented. The SSP is the 
first large manned version of a high-speed displacement craft concept having a small water- 
plane area. The SSP was designed to be a work platform for research and testing of ad­
vanced Naval equipment at the Naval Undersea Center. Its unique design will provide an 
order-of-magnilude improvement in motion reduction over monohulls, as well as provide
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BHW. 

INTRODUCTION 

The 190-ton* Stable Semisubmerged Platform (SSPl was designed and built to be 
a work platform for research and testing of advanced Naval equipment at the Naval Under¬ 
sea Center. The twin-hulled SSP configuration was selected for its unique qualities as a 
stable ocean platform in a wide range of sea states. The platform design is based on the 
twin-hulled semisubmerged ship concept (SS 111.- Because of its role as a workboat. the 
SSP outfitting is minimal, omitting acoustic quieting and most comfort items. Its basic- 
design. however, will provide valuable early information for the Navy’s Small Waterplane 
Area I win Mull ( SWA I H )-* craft. The SSP measures X9 feet in length and has the reduced 
motion, increased deck space, and higher speed capabilities of a much larger conventional 
monohull vessel. 

Design ot the SSP began at NUC in March 1970. following 1½ years of research.^ 
Figure 1 shows an underside view of the SSP that has two submerged, parallel, torpedo-like 
hulls which support a cross structure above water by means of four streamlined, vertical, 
surface-piercing struts. Two controllable canard fins are located near the hull bows, and a 
full-span stabilizing fin with controllable flaps is located near the hull sterns. The fins provide 
dynamic stability, damping, and control over heave, pitch, and roll. The vertical struts, via 
their displacement and spacing provide the necessary static stability in heave, pitch, and roll. 

Pigure 1. Underside view of the SSP. 

•,AII tons referenced arc measured in kmi; tuns. 
^Numbers in brackets desúnate References at end of paper. 
' A number of names or acronyms have been used in the past to describe different configurations of small waterplane area 

twin-hulled ships. MOIK AI (Modified Catamaran) TRÍSKC,SI MC’AT, IWP (low Waterplane Catamaran) and S-^ (Semi- 
submerged Ship) ai : examples. In order to avoid confusion, due to the multiplicity of names for the combination of var¬ 
ious design options possible, the Navy refers to all such vehicles as Small Waterplane Area Twin Mull (SWATH) craft. The 

^SSP is a two strut per hull version of this type of surface craft. 
Sponsored by the Independent and exploratory IX-velopment (ILI)) program at NUC under Dr. William B. McLean. 
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f uture versions may have smaller stabilizing surfaces which consist of individual fins canti¬ 
levered from the hull tail cones; also, additional rudders may be included in the forward 
struts to permit even greater turn raies and independent control over yaw and sway. 

I he new design feature of the basic SSP concept over previous SWATH-type designs 
(some ol which are mentioned in reference {11 ) is the combination of submerged hulls and 
streamlined struts with a stabilizing fin or fins at the rear; the canards are optional but serve 
to improve the dynamic damping of motion and aid in trim and control. The stabilizing fins 
help insure dynamic stability at the higher speeds. 

Additional information on SSP-type designs is available [2-61. Other noteworthy 
SWATM-type concepts include the SEMCAT discussed by Freinkel [71. the TRISEC design 
presented by Leopold [81. and various designs studied by the Naval Ship Research and 
Development Center (NSRDC) [9. 10J. 

I bis paper presents an overview description of the design and development of the 
SSP. Reports covering specific areas, such as hydrodynamics, propulsion system, trial results, 
etc., will be forthcoming at a later date. The general characteristics, design features, and con¬ 
struction highlights of the SSP are discussed. The concluding section outlines the impact that 
this type ot craft muy have on the Navy, oceanographic research, and the ocean community 
in general. 

CHARACTERISTICS 

Dimensions and General Physical Description 

The SSP dimensions are shown in Figure 2. The submerged hulls and struts are made 
of high tensile steel, with the struts joined directly to the aluminum cross structure. Propul¬ 
sion is provided by two gas turbines that drive controllable and reversible pitch propellers 
through novel four-tier chain drives. Heading control is provided by twin rudders at higher 
speeds and differential thrust at low speeds. Provision for dynamic motion and trim control 
is incorporated in the design and consists of forward port and starboard canards and port 
and starboard flaps in the aft stabilizer. The rudders and movable control surfaces are 
hydraulically powered. Each of these subsystems is further described in later sections. 

The SSP design was based on requirements that it (a) provide support for submersi¬ 
bles and various types of Naval equipment, (b) perform normal operations in up to 8-foot 
waves (the platform is to be used offshore from the NUC Hawaii laboratory where 8-foot 
waves are common), and (c) be of sufficient size and shape to demonstrate the effectiveness 
of the S^ concept in the open ocean. A center well, which measures 12.5-feet wide by 23 
feet long, can handle a variety of small research submersibles including NUCs transparem 
hulled NEMO, MAKAKAI, and DEEP VIEW [111. The SSP wil also provide excellent 
surface support during the development phase of NUC’s 20,000-foot Remote Unmanned 
Work System (RUWS). 
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Figu'o 3 shows the compartment layout of the SSP which provides lor manned a. lcs 
down each of the four struts. The compartments aft of the pilot house are watertight with 
the exception ol the aftermost outboard compartments which house the propulsion machin 
ery and the two small outboard compartments just aft of the pilot house. The forward com 
partments in the submerged hulls are designed for interchangeable nose sections: a trans¬ 
parent acrylic dome for underwater observation, special sonar domes, and steel domes lor 
normal use. 

In addition to the forward section, each submerged hull is divided into six 2000-gallon 
ballast tanks and an aft tailcone. The forward three tanks contain fuel cells which separate 
the turbine tuel trom the ballast water. The next three tanks aft are designed to contain 
ballast water only, and the tailcone section u. Mains tl,c propeller shaft and thrust bearing. 

Safety features include the watertight integrity of the cross structure, a fire control 
system, automatic inflating life rafts, radios, radar, fathometer, and running lights. Safety 
and reliability are further enhanced by the twin-hulled design which leads naturally to dual 
propulsion, fuel, and ballast systems. 

^ \ vilely review sponsored by NAVSHIPS (R. Dills) and conducted by NAVSKC (under the direction of f. Sarchin) 
in July 1971 verified the safely of the SSP with some minor changes and led to many helpful design suggestions. 
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r
Performance Predictions

The SSP design form was based on a eombination of model tests and theory. The 
design is somewhat similar to one of the earlier towed model* (21. but it has a greater fore- 
and-aft strut spacing and incorporates the addition of canard fins sized according to the 
theory presented by Higdon 112|.

Early towed model tests (2. 3| indicated that the struts should be spaced fore and 
aft as far as possible in order to reduce heave and pitch in following waves; associated motion 
tests showed that the metacentric height in roll should be roughly '4 of a hull diameter, al­
though as little as '4 of a hull diameter is acceptable. The tests also .erified that stabilizing 
Tints) were necessary for pitch stability at moderate-to-high speeds.

Figure 4 shows a 5-foot radio-controlled model that was built to further explore the 
dynamic behavior, mwlel drag and hydrodynamic coefficients, the effect of wind and waves, 
and to simulate the results of control surface failure, hull Hooding, towing, and anchoring 
of the SSP. The radio-controlled model tests |.^| showed no dynamic problems at any 
speed or any angle to waves, although the largest motion occurred in following waves. 
Experimental and theoretical results show that the SSP should operate well under all con­
ditions through its design sea state 4. Slamming is expected in head seas in sea state 5. 
although the automatic control system to be installed at a later date should reduce impacts. 
Seven different bow shapes were tested to determine which would produce the least impact 
force. The vertical gap between the hulls and cross structure would permit waves up to the 
gap height of 14.75 feet to pass without cross-structure impact or exposure of the hulls if 
level night were maintained.

The radio-controllea model was found to be nearly critically damped in heave, pitch, 
and roll when underway therefore resonance should not be a serious problem. Good damp­
ing was exhibited at rest. The model behaved acceptably in simulated waves up to the tank 
limit of 18 feet and in simulated winds up to 100 knots. The model towed well in wind and 
waves, although tow speed should be kept below wave speed in large following waves. It 
responded well at anchor except for side-to-side swing in the higher winds: a Hammerlock 
moor would eliminate swing.

Figure 4. Five-foot radio-controlled model of the SSP.



Tests conducted in the spring of 1971 on an 11-foot self-propelled model of the SSP 
at NSRIX' verified the basic design calculations and the 5-foot radio-controlled model results. 
Drag measurements were within about 15 percent of early predictions and agreed very closely 
with later theoretical predictions |6). The theoretical drag coefficients and effective horse¬ 
power predicted by Dr. R. B. Chapman for the SSP are shown in Figure 5 together with pro¬ 
totype predictions from the 5-foot model tests. Propeller guard drag was not included but is 
calculated to be small. At the continuous rating of 4200 hp, the predicted speed is 25 knots, 
assuming a propulsive coefficient of 77 percent. Greater power and speed are available for 
shorter periods. Power requirements reduce significantly with draft; thus, increased speed 
will result if expended fuel is not replaced by ballast water or if the payload is reduced. The 
predicted SSP speed and power compare favorably with the following reported speeds and 
powers for similar-sized monohulls (13): 143 tons. 3600 hp, 24 knots; 202 tons, 3200 hp, 
23 knots; 146 tons, 4000 hp, 24 knots; 123 tons, 3000 hp, 25 knots. Since the SSP speed 
will change little in rough water while monohull speed degrades rapidly, the SSP should sig¬ 
nificantly outperform equivalent-sized monohulls in rough water. 

Figure 5. Drag coefficient and predicted 
effective horsepower of the SSP. 
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Payload and Range 

The payload and fuel capacity of the SSP is 25 tons. With the full fuel complement 
of 18.8 tons, the range of the SSP will be about 400 nautical miles at 25 knots. 

Static Stability 

The large transverse spread of the strut waterplane areas, coupled with the nominally 
low center of gravity effected by the light aluminum cross structure, the heavier steel struts, 
and the submerged hulls, result in a platform with a relatively large metacentric height. With 
the entire 25-ton design payload centered 3 feet above the cross structure, the metacentric 
height in roll will be 4.4 feet, which is larger than that of a typical destroyer. 

Dynamic Qualities 

Experience with the 5-foot radio-controlled model [31 showed that no dynamic prob¬ 
lems existed. The model banked inward on turns without roll-control. Sufficient canard or 
Map control existed to make the model bank either more inward or even outward in turns. 
With only one propeller operating, the model controlled well; rudder trim for straight run¬ 
ning was about seven degrees, and the model had no apparent side-slip. 

I he submerged hulls, large mass radius of gyration, and relatively small but wide¬ 
spread strut waterplane areas of this platform produce heave, pitch, and roll periods that are 
significantly longer than those associated with conventional monohull craft of similar dis¬ 
placement. The SSP should provide a more comfortable work platform than a conventional 
monohull since its motion response is expected to be considerably less under nearly all 
conditions. 

The results shown in Figures 6 and 7 were generated by Higdon [3 J and show the 
calculated heave and pitch of the SSP at 24 knots in head and following waves, assuming a 
wave length to height ratio of 20; 1. Also shown in Figures 6 and 7 are the equivalent heave 
and pitch responses with an automatic control system and the required canard and flap 
deflections. Platform motion in head waves is extremely small. It is expected that the larger 
motions exhibited in following waves at higher speeds can be reduced considerably with 
automatic controls. Alternatively, following sea motion could be reduced by slowing the 
platform to a speed less than the wave speed. After the SSP has operated several months 
under manual control to demonstrate the inherently good response of the basic design form, 
it is planned to add an automatic control system. 
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Figure 6. Predicted motion and control 
surface deflections of the SSP in head waves. 
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Figure 7. Predicted motion and control 
surface deflections of the SSP in follow¬ 
ing waves. 



DESIGN FEATURES 

Structure 

The structura] approach used for the SSP is basically that employed in conventional 
ship construction with standard structural shapes preformed and welded to preformed plates. 
The widely dispersed shape of the SSP leads naturally to a high structural weight fraction. 
Cost restraints in this first model prohibited the use of high strength, lightweight construc¬ 
tion techniques to reduce weight. 

The structure would have iteen fabricated entirely of steel, but early weight studies 
indicated, in view of the large desired margin of safety for the structure, that an all-steel 
structure would leave no margin for payload once the craft was fueled. Consequently. 5086 
aluminum alloy was used for the cross structure, with high tensile steel (50,000 psi yield) 
used elsewhere. 

Explosively bonded Detaclad strips ot steel and aluminum alloy were used to join 
the steel struts to the aluminum cross structure, making an all-welded joint possible. Although 
this is not the first time this technique has been used to join steel and aluminum, it is prob¬ 
ably the first time it has been used at main structural joints. 

The SSP structural design6 is based on a safety factor of 2.0 minimum. This, when 
coupled with the generally-conservative load assumptions and analytical assumptions, has 
resulted in a heavy structure. Tests at sea are expected to show that a significant reduction 
in structural weight fraction is possible in future SWATH platforms. 

Propulsion System 

The size and hull form ot the SSP has led to an interesting and unique propulsion 
system. The high structural traction and tendency toward a heavy aft weight distribution 
necessitated the use of a lightweight power plant and speed reduction system. The GE-T64 
gas turbine engine and gearbox were selected based on their availability in the Navy system. 
This engine and gearbox has a military rating of 3000 hp and weighs only 1200 pounds. 
Both of the two engines used on the SSP have been derated to approximately 2100 hp to 
extend the time between overhauls. 

Initially, the design effort was centered around installing the turbines and gearboxes 
in the tailcones. However, it was soon discovered that it would be difficult to perform any 
maintenance on such an installation. The most obvious alternative was to locate the tur¬ 
bines in the cross structure, but the method for transmitting the power down to the pro¬ 
peller shaft presented a challenging engineering problem. Electrical and hydraulic systems 
were either too heavy, too expensive, or required an excessively long lead time. When spe¬ 
cialists were consulted on the possibility of using a “Z” drive, they referred to past bad 
experiences and recommended looking at other alternatives. A low cost, short lead time 
power transmission system with a reasonable weight and success probability seemed unlikely 
until the use of chains was suggested by W. Simmons7 who designed and developed the SSP 
chain drive and propulsion system illustrated in Figure 8. 

A large portion of the detailed design, both structural and nonstructural, was conducted by personnel assigned to 
^Commander C. Kreitner at the Pearl Harbor Naval Shipyard. 
From the Naval Air Engineering Center. 
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The Iront ot one lower hull will be outlined with the largest known monolithic 
aeryhe casting, shown in Figure v I his easting^ is a hemisphere that measures 7X inches in 
diameter, is b inches thick, and weighs .SOOO pounds. Its purpose is to allow scientists to view 
experiments Ironi beneath the ocean surface. Other acrylic windows in the struts below the 
waterline allow the ship's control surlaces and propellers to be viewed while underway.

The SSP i^ equipped with a hand-held control unit which enables an operator to 
control the platform from any location on or below deck.

The radar is a newly developed prrxluct f rom the Naval Weapons ( enter. China Lake. 
The resolution of this unit is such ihat it is perssible to distinguish the si/e and shape of 
passing ships. The display is in many respects more like a television picture than that of a 
radar.

Several secondary experiments have been designed into the platform. Of the six 
tanks which contain fuel bags, four have come form of built-in abrasion prevention system, 
while two have no special provision and act as controls. Alst). the pilot, copilot, and navi­
gator’s seats are each equipped with various types of shock isolation hardware. Future tests 
with bow slamming are expected to indicate a preference in sc-ating type.

Miscellaneous

I he SSP has many other mterest ng features and equipment. Unlike most platforms, 
the S.SP has an abundance of space and flat deck area. I he top deck and most of the cross 
structure compartments are available for payload. Bulky items such as fuel are stored in 
the submerged hulls and struts. The only nonportable haidware that projects above the 
weather deck is the numring cleats and chocks. When the well is covered, this deck provides 
approximately 25(XJ s«iiiare feet of clear flat area.

Figure 9. Acrylic hemisphere for one of the SSP hull noses.

8 t)rufined by t)r J Stjchiw jl NUC.



CONSTRUCTION

ConstriKtion ol ttu- SSP w;is jcciunplishcd ut tlie U. S. Coast Ciiard Yard located at 
Curtis Bay just south of Baltimore. MU. >his small yard, approximately 1000 personnel, is 
the only facility of its type operated by the Coast (iuard. Its primary function is the con­
struction and repair of ( oast (Juard vessels, but proje ts are accepted from other government 
agencies when the workload will permit or if special talents are required which are only 
available at the Coast (iuard Yard. Construction of the SSP at this yard both smoothed out 
the workload and utih/.ed the Coast (iuard's experience with aluminum constructiim and 
gas turbine powerplants. The yard has also demonstraU-d on many occasions the ability to 
take on projects .)f an unusual design and complete them without difficulty, which has 
certainly proved to be the case with the SSP

Construction of the SSP began m June I‘>72. By l ebruary 1‘>7.J the major structural 
modules had been joined, as show n in f igure 10. Launching look place on March 7. 107.J. 
followed b\ the installation ol the engines, chain drives, and general tiutfitting. fhe first 
trial run occurred in October. I‘J7.C in Chesapeak Bay. at the ground idle speed of 4 knots. 
On the very se’cond day ol trials, which took place in November. l‘)7.C the SSP reached its 
design speed t>f 25 knots (according to the Kenyon log) alter being tested in two-knot speed 
increments, f igure 1 1 shows the SSP underway at 14 knots. No photographs were obtained 
at higher speeds, although good motion picture coverage was obtained at various speeds up 
to the top speed of 25 knots During trials in lebruary. l‘>74. the upper jack shaft in one 
chain drive failed, causing a redesign and modification of the chain drive system.

\\

i

4rM
V

4
■

Figure 10. SSP modules being joined ii. drydock.

9,-Consinil.linn under the direilinn nt i.ieuien.ini J. Pa>ne.



Figure I I SSI’ underway.

CONCLUSIONS

The l^O-ton SSP should be an ideal plattorm for oceanic research since it is small, 
requires a crew of only lour, has g(x)d range and speed characteristics, and is designed to 
<»perate through sea state 4 and into sea state 5. Further, it is designed for modular out­
fitting and has a well in the cross structure for handling undersea devices; a cover can be 
placed over the well for landing helicopters and small V/STOL aircraft.

Since the SSP is the first large manned version of a SWATH-type configuration, it 
may have considerable impact on the future Navy Many of its characteristics can be scaled 
into larger sizes. For example, the l‘H)-ton SSP operating at 2.S knots in sea states 4 to .S 
will behave similarly to a 3000-ton version operating at 40 knots in sea state 6. A 3000-ton 
Nasal version would be large enough to support a sizable number of aircraft, weapons and 
missiles, sensor suites, or mixes thereof.

The SSP may also lead toward many kinds of nonmilitary use; for example, oceanic 
research by universities; crew boats or supply ships for the offshore oil industry; and cruise 
ships, transport craft, ferries, or fishing boats.
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