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THE HYDROFO L SMALL WATERPLANE AREA SH P ( HYSWAS)

John R Meyer,

Bet hesda,

Abstract

The paper presents a summary of concept inves-
tigations of a hybrid surface vehicle « the Hydro-
foil Small Waterplane Area Ship (HYSWAS). This
hybrid consists of asingle subnerged hull with a
fully-submerged foil system and an upper hull
structure supported above the water surface by a
relatively thin longitudinal strut. In the low
speed (hullborne) node, sustention is provided by
buoyancy of the submerged hull, the strut, and a
smal | segnment of the upper hull. As speed is
increased, the dynanmic lift of the foil system
raises the upper hull above the water and the
wat erpl ane area of the strut becones snall.
Performance, stability and control, structures,
propul sion, and ship system engineering including a
weapons suite of a 2,000-ten (2,032 m ton) HYSWAS
with 70% buoyancy and 30% dynamic lift are dis-
cussed. It is concluded that this ship, wth
50,000 to 60,000 hp installed, would have a maximm
speed between 42 and 45 knots, and good range/
endurance characteristics with about 180 tons (183
m tons) of mlitary payload. Foilborne roll con-
trol is predicted to be adequate down to cal m water
speeds of about 16 to 18 knots, satisfactory pitch/
heave stability is indicated through maxi num speed,
and it is expected that heave and pitch notions of
HYSWAS when foilborne will be superior to conven-
tional monohulls in head seas. Arrangenents
studies and weight estimates show that this partic-
ular HYSWAS design has a volume conducive to

general arrangenment flexibility and a relatively
large useful load fraction. At this early stage of
devel opnent, the HYSWAS hybrid form in a 2,000-ton

size, conbines many desirable characteristics in a
single platform and therefore appears to be a

candidate for small, open-ocean, all-weather, naval
conbat ant s.
I ntroduction
The Hydrofoil Small Waterplane Area Ship

(RYSWAS) concept is an outgrowth of a Hybrid Marine
Interface Vehicle Programinitiated at the David W
Tayl or Naval Ship Research and Devel opnent Center
in 1973. (One of the objectives of this programis
to identify and assess the potential benefits of
conceptual hybridt surface ship platfornms having a
variety of lift conbinations. The concept of the
hybrid "Sustention Triangle" was introduced by
JewelltD who set forth a systematic scheme of cate-
gorization of vehicles by their source of lift. A
hybrid vehicle can be conveniently represented in
terms of three quantities: x, y, and z, whose
integer values represent tenths of total weight
supported by unpowered static |ift (buoyancy),
dynamic lift, and powered static lift, respectively.
For exanple, a hybrid ship having 70% buoyancy, 30%
dynamic lift, and no powered static lift is desig-
nated as a (7,3,0) hybrid.

*Menmber AIAA and SNHAME.

**Associ ate Menber SNAME.

+A hybrid marine interface vehicle is defined as
one having nore than one source of sustention over

a major portion of its operational speed regine.
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Several 2,000-ton hybrid configurations have
been examined to conpare speed and range perfor-
mance in both cam and rough water.(23 The hybrid
fornms anal yzed included Small Water-plane Area
Single-Hull Ship (SWASH), Hydrofoil Small Water-
plane Area Ship (HYSWAS), Large Hydrofoil Hybrid
Ship (LAHHS), Hydrofoil Air Cushion Ship (HYACS),
and Small Vaterplane Area Air Cushion Ship (SWAACS),
illustrated in Figure 1. Analysis showed that the

SMALL WATERPLANE AREA
SINGLE HULL {SWASH) SHP

HYDROFOIL SMALL WATERPLANE
AREA SHIP (HYSWAS)

SMALL WATERPLANE AREA
AIR CUSHION SHIP (SWAACS)

LARGE MYDROFOIL
HYBRID SHIP {LAHHS)

HYDROFOIL AR CUSHION
SHIP (HYALS}

POWE RED STATIC LIFT DYRAMIC LIFT

FIGURE 1 = SUSTENTION TRIANGLE WITH HYBRID CONCEPTS

HYSWAS concept offers generally favorable perfor-
mance characteristics jp calm and rough water over
a broad speed spectrum  For special purpose nis-
sions where, for instance, a segnent of the speed
spectrum i s dominant or rough water operations are
not of primary inportance, other hybrid forns may
show potential and should be pursued further.

A nore detailed e¥amination of the 2,000-ton
HYSWAS concept was nmade wherein designs having 20%
to 40% dynamic |ift and |ower hull length-to-
dianeter (&/d) ratios of 12 to 20 were ipvesti-
gated.(*) A 2,000-ton size was selected primrily
because of Navy interest in advanced vehicles in
this size. Furthernmore, it was anticipated that
this size ship would provide a viable mlitary
payl oad and trans-Atlantic range at a relatively
high speed with a reasonable size power plant.

In the case of HYSWAS. feasibility studies are also
being made of other sizes ranging from 1,000 tons
(1,016-m .tons) ta.4.000 tons (4,063 m tons)

Al'though no specific nission analyses have
been performed for any HYSWAS designs to date,
the rationale for size,, payload, weapon suite,
manni ng, speed, and range has been derived from
other studies. It is believed that there is a
need for a surface ship systemwith all of the
following characteristics conbined in a Single
platform

« Maxi num speeds up to 40-50 knots (depending
on size) and the ability to sustain these
speeds in rough water,

. Efficient operation at both |ow speed and
high speed; elimnate the hunp in the power
curve,

+ Good range characteristics throughout the
speed reginme; range should not decrease



at speeds bel ow design speed, but rather
increase. Range should be conparable to
that of larger displacenment ships,

. Pitch and heave notions superior to con-
ventional nonohulls in large head seas,
and hence, good seakeeping,

Large useful load fraction; voume should
bg |conducive to general arrangenent flex-
ibility.

HYSWAS ig a cross between a fully-submerged
hydrofoil and a deni-SWATH (Small Waterplane Area
Twin Hull) ship, and therefore all analytical
investigations have relied heavily upon the
technol ogy of these two parent fornms. It is
enphasi zed that no tests have been performed on
HYSWAS, but as the investigation matured, certain
properties of the configuration becane evident.
The purpose of this paper is to describe what has
been |earned about HYSWAS in the area of hydro-
dynam cs, performance, structures, propulsion,
certain subsystems, and general arrangenents.

Description of HYSWAS

HYSWAS consists of a single slender subnerged
hull equipped with a fully-subnerged, automatically-
controlled foil system and an upper hull joined to
the subnerged hull by a thin, longitudinal strut.
The concept is illustrated in Figure 2 which shows
the waterlines for hullborne and foilborne operation.
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FIGURE 2 -SKETCH OF THE HYDROFOIL SMALL
WATERPLANE AREA SHIP {HYSWAS} FORM.

In the |ow speed (hullborne) node, buoyancy is pro-
vided by the subnerged hull, the strut, and a snall
segment of the upper hull. As speed increases, the
foil lift raises the upper hull above the water and
the waterplane area becones small. The weight of
the ship is supported by buoyancy and hydrodynanic
lift. HYSWAS is predicted to operate at higher
lift-to-drag ratios (L/D) than hydrofoils at the
lower end of the foilborne speed range and at higher
L/Ds than displacement ships in the high end of the
speed range.

An inherent limtation of the HYSWAS configu-
ration is its relatively deep draft (for a given
displacenent) in the hullborne node. This can vary
from about 30 feet (9.1 nm) to 40 feet (12.2 m) for
1,000- to 4,000-ton designs; however, recourse to an

elliptical hull can reduce the draft by 2 to 4 feet
(0.6 to 1.2.n). Foilborne drafts range from 18 to
27 feet (5.5 to 8.2 m.  Conpared to nonohulls,

HYSWAS designs require accurate weight and bal ance
predictions and control of same during design, con-

struction, and operation.
Assuning that a broad operating speed spectum
isdesired, a hybrid conbination of about 70% buoy-

ant lift and 30% dynamic |ift at design conditions
is found to provide good hydrodynamc qualities.
M ni mum foi | borne speeds for HYSWAS with a rela-

tively large buoyant contribution, can vary from
about 16 to 23 knots depending on the foil |oading
(or waterline level) selected by the operator.

From stability considerations, described |ater
in the paper, the upper hull of HYSWAS requires
greater beam than conventional monohulls and hydro-
foils, but is narrower than SWATH or |ow |ength-
to-beam Surface Effect Ships (SES) of conparable
displ acement.  SWATH ship designs have denonstrated
the hydrodynanic advantages of |ower hull |ength-
to-dianeter ratios (&/d) greater than about 12
(and preferably 14 to 16) and this has been an im
portant factor in deternmining HYSWAS strut and |ower
hull proportions. Conceptual HYSWAS studies covered
L/d ratios from12 to 20.

TABLE 1
SUMMARY OF PHYSICAL CHARACTERISTICS
FOR A 2,000-TON (7,3,0)
HYDROFOIL SMALL WATER PLANE AREA SHIP {HYSWAS}

“yll Load Displacement 2,000 tons 2.032 m. tons
Jesign Buoyancy 1,400 tons 1,422 m. tons
Jesign Foil Lift 600  tons 610 m.tons
Lower Hull Length 267 feet 783 m
Lower Hull Diameter 16.4 fnt 47 m
Lower Hull Buoyancy 1,130 tons 1.148 m, tom
Lower Hull Material Aluminum

Strut  Length 180 feet 549 m

Strut  Thickness 7.2 feet 22 m

Strut  Immersion  Factor 2.5 tons per inch 1.0 m ton per cr
Strut  Buoyancy at Rest 630 tons 640 m. tons
Strut Height 19.7 feet 6.0 m

Strut  Material Aluminum

Main Foil Area B850 feet2 79 mz
Main Foil Span {Tip-to-Tip} 87 feet 265 m

Main Foil Average Chord 12 feet 37m

Approximately 110 feet {33.5 m)
from lower hull bow

Main  Foil Location

Aft Foil Area 270 feet2 251 md
Aft Foil Span {Tip-to-Tip) 4 0 feet 12.2m
Aft Foil Average Chord 8.2 feet 25 m

Aft Foil Location Approximately 235 feet (71.6 ml

from lower hull how

Total Foil Buoyancy 30 tons 30.5 m. tons
Upper Hull Length 234 feet 713 m
Upper  Hull ~ Beam-Max. 78.8 feet 240 m
Upper  Hull  Depth 1% feet 46 m
Upper Hull Bupyancy at Rest 210 tons 213 m.toms
Upper  Hull  Material Aluminum
Hutlborne Draft 35.1 feet 10.7 m
Foilborne Draft
{1,200 psf Foil Loading) 23.1 feet 7.3 m
Table 1 shows sone of the physical character-

istics of the 2,000-ton HYSWAS illustrated in
Figure 3. A variety of foil arrangenents was
investigated;, however, a conventional (airplane-
type) arrangement with a 75%25% lift distribution
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FIGURE 3 =~ HYDROFOIL SMALL WATERPLANE AREA SHIP (HYSWAS)



on the main and aft foils respectively appears to
offer certain advantages. The main foil is located
at about mdships just forward of the center of

gravity; the aft foil is about one chord-Iength
forward of the propellers. The ship is all alumnum
and arranged to accommodate a crew of 118, two LAMPS

size helicopters, and a weapon system selected for
illustrative purposes, consisting of a 76 mm Qo
Melara gun, two CWS Gatling type guns, two four-
cani ster Harpoon launchers, one eight-canister NATO
Seasparrow | auncher,
wegt and space for bov nounted sonar is provided
inthe lower hull. The selected main propul sion
system consi sts of two LM 2500 gas turbine engines
(space is available for two FT-9 engines as alter-
native power plants) located in the upper hull, a
Z-Drive bevel gear system which transmts power
through the strut to a contrarotating planetary
reduction gear and fixed-pitch contrarotating pro-
pellers. Auxiliary propulsion is provided for
harbor and |ow speed hull borne operation. A weight
estimate sunmary for the ship is given in Table 2.
Structures, propulsion, and ship systens engineering
are discussed in greater detail later in the paper.

2,000-TON HYSWAS COMBA:II—'/REI:I'EV\?EIGHT ESTIMATE SUMMARY
(Normal Load}
WEIGHT
Group Long Tons Metric Tons Percent
1. Hull Structure 455 462 226
2. Propulsion 160 163 9.0
3. Elecuic Plam 63 54 32
4. Communications 88 89 44
5. Total Auxiliary 235 239 11.7
Less Foils 148 150 74
Foils 87 89 43

6. Qutfit & Furnishings 145 147 72
7. Weapons 34 35 1.7

Total Light Ship 1,200 1,219 60.0

15% Margin 180 163 9.0

Ship Fuet 508 516 254

Helo Fuel 20 20 1.0

Variable Loads 56 59 29

Ammunition 22 23 1.1

Helicopters 13 13 0.6

Total Full Lmd TOO-—'I 2.033 TI?J_O

Payload (GRP4, GRP7,

Helo Fuel. Ammunition,

Helicopters) 177 180 88
The normal center of gravity 1t 130 feet (39 6 m) aft of the lower hull nose and 30 5 feet
(9.3 m} above the keel
tn an overioad condition, the fukl weight IncTeases 10 670 tons (681 m 10ns) and the ship weight
increases 10 2.163 ton (2,197 m._1ons). The overload center of gravity 15 127 feet 138.7 m) att of
the lower hull nose and 25.8 feet (8.1 ml above the keel

Hydr odynani cs

During the early phases of the hybrid vehicle
investigation, considerable thought was given to not
only inproving speed/range perfornmance over a broad
speed spectrum (up to 45 or 50 knots), but also pro-
viding seakeeping characteristics superior to mono~
hulls in the 2,000-ton category. It was evident
that both the Small \Wterplane Area Twin Hull (SWATH)
ship and fully-subnmerged hydrofoil forms could
benefit the latter, but neither, by itself, could
prom se inproved hydrodynam ¢ efficiency over the
entire speed range. SWAT-1 ships have hydrodynanic
characteristics generally simlar to conventional
di spl acement ships wherein drag tends to increase
sharply at high Froude nunbers. Hydrofoils have
relatively good drag characteristics at high speeds,
but the designer of large hydrofoils is challenged
in at least two areas: how to alleviate the hunp

and two IMK-32 torpedo |aunchers.

drag at speeds where the rest of the fleet will
operate nuch of the time, and how to cope with an
ever increasing foil-span-to-hull-beam ratio wth
ship size. HYSWAS was therefore conceived as a
hybrid to obtain the benefits of both the SWATH form
and the fully-submerged hydrofoil without certain
hydrodynam ¢ di sadvantages of either parent. The
synergistic hybridization process provided not only
the anticipated benefits, but some unexpected ones
as well.

The hydrodynam ¢ characteristics of a specific
HYSWAS design are discussed under the follow ng ngjor

topi cs: Speed- Pover; Range and Endurance; Stability,
Control, and Mtions; and Maneuvering.
Speed- Power

Drag and speed-power characteristics are
obtained from a conputer program!® devel oped for
hybrid ships; the program has been used for a wide
variety of HYSWAS configurations. The HYSWAS designs
considered to date have a design foil |oading of
1,200 psf (5,859 kg/m2). However, HYSWAS, with a
relatively large proportion of buoyancy, has an

i nherent capability of providing inproved 1ift-to-
drag (L/D) ratios when operating below design speeds
under full-load conditions. This characteristic is

shown in Figure 4 where, for this particular 2,000-
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FIGURE 4 = HYSWAS LIFT-DRAG RATIO

ton HYSWAS design, reduced foil loading is traded
off for increased strut immersion resulting in higher
L/Ds and a capability of operating with partial foil
lift at speeds below 30 knots. This was an unex-
pected result of the HYSWAS hybrid form  Figure 4
indicates that at foil |oadings of 600 psf (2,929
kg/m<), this configuration could achieve calm water
L/D ratios fromb58 to 22 between speeds of 16 and 30
knots. However, determination of limts on operation
at reduced foil loadings in a real ocean environnent
requires nodel testing in waves. Figure 4 also shows
L/D curves for the bare foil alone at 1,200 psf
(5,859 kg/m?) loading and the hull/strut alone oper-
ating at the design foilborne waterline. These
curves indicate the bounds of possible L/D values for
HYSWAS and serve to clarify why this concept in a
(7,3,0) hybrid form has relatively favorable L/Ds
over the entire foilborne speed spectrum from about
16 to 50 knots. A limt line, in ternms of a maxi mum
operating lift coefficient of 0.80, is shown on
Figure 4 to define speeds bel ow which foilborne
operations (at a particular foil |oading) are not
advi sabl e.
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FIGURE 5 w SPEED POWER OF A 2000-TON HYSWAS

Figure 5 shows the estimted power required for
this 2,000-ton HYSWAS design uder & variety of con-
ditions. The propul sive coefficient (P.C.) curve
used for these estimtes is also shown. A power
margin of 10%is used to account for various quanti-
ties, such as certain interference effects, control
drag, spray drag, and cavitation effects, not
included in the drag analysis. A maxinum speed of
42 knots is obtained using two LM 2500 gas turbine
engi nes (maxi mum continuous power of 25,000 hp
(25,350 m hp) each at 80°F (27°C)). From Figure 5
it can be seen that the power hunp has been virtually
elimnated. This provides economcal, continuous,
and controlled foilborne operation in calm water from
about 16 knots through the maxi mum speed of the ship.

Al though calm water has traditionally been used
as a basis for performance conparisons, it must be
recogni zed that rough water in ternms of Sea State 5
(significant wave height, Hy;3=8 ft., 2.44 m) and
above may occur about 50% of the time in the North
Atlantic (above 30" N latitude, or Jacksonville,
Florida).(® Realizing the inportance of rough water
operations, power degradation/speed penalty informa-
tion for various ships was collected’ and used to
estinmate rough water power curves in nid-Sea State 5

(Hy3= 10 ft., 3.05 head sea conditions for this
par{|cul ar HYSWAS as shown in Figure 5. Power esti-
mates for an alternate fuel load (discussed later in

the paper) are also shown. The power penalty in
general is not large, except in the |ow speed range
around 20 knots Where power required is sensitive to
foil loading and, hence, upper hull clearance.
Experinents are required to clarify upper hull
clearance requirements for HYSWAS in large waves
under various |oad conditions.

Range and Endur ance

A normal fuel load of about 510 tons (518 m
tons) for this specific HYSWAS design is derived from
a weight analysis (See Table 2). This fuel |oad
corresponds to a nilitary payload of 177 tons (180 m
tons) in addition to the variable loads of 58 tons.
Payload is defined as the total of GROUP 4 (Conmuni-
cation and Control), GROUP 7 (Weapons Systems), ship
anmmuni tion. helicopters, and helicopter fuel. Vari-
able loads include such itens as crew and effects,
stores, potable water, and lube oil.
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Results of the calm water range calculation with
510 tons (518 m tons) of fuel are shown in Figure 6.
A propulsion allowance of 10% (to account for propul -
sion system degradation and hull aging), an auxiliary
fuel rate (or hotel load) of .10 ton/hr., and an
unuseable fuel factor of 5% are assuned. Variations
in specific fuel consunption (sfc) with power are
taken into account. Constant weight with fuel burn-
off is assumed because HYSWAS has a requirenent, for
reasons that will be discussed later, to take on
ballast to maintain intact stability. At a nornal
fuel load of 510 tons (518 m tons) and 177 tons
(180 m tons) of nilitary payload, calm water range
is estimated to be about 4,000 nautical miles at 20
knots. Figure 6 also shows, the effect of Sea State
5 (Hyz= 10 ft., 3.05 m) operation on range over the
foilborne speed spectrum |t is seen that there is
little range degradation in waves above foilborne
speeds of 25 knots. Speed cut-offs in Figure 6 are
based on power limts only:; voluntary reduction due
to notions are not accounted for.

hrrangenment studies for a 2,000-ton HYSWAS
indicate there is volume available for at least an
additional 160 tons (163 m tons) of fuel. Results
of an exanple range calculation with this additional

fuel, and no decrease in payload, are shown in
Figre 6. The HYSWAS design described is, therefore,
predicted to have a range of 5,100 nautical miles at

20 knots and 2,700 nautical niles at 40 knots in calm
water with a 670-ton (681 m, ton) fuel load. The
additional fuel over the normal fuel |oad of 510 tons
(518 m tons) does not have to be replaced with

bal last during burn-off. Under the maxi num | oad
condition it is estimated that, relative to calm
water, take-off speed may have to be increased by
several knots and the maximum speed reduced about

one knots -however,~neminal upper hull clearance can
be maintained at somewhat higher foil |oadings.

It is interesting to note (from Figure 6) that
with 160 tons (163 m tons) additional fuel, the ship
has a range of 2,700 nautical niles at about 40 knots
whereas the maximum speed at which this range could
be achieved with only the normal fuel load is 27
knots. This makes it possible to realize a 2,700
nautical nmle transit tine savings of about 32 hours
(or 32% without a reduction in payl oad.

Overal | performance (in calm water) of the
2,000-ton (7,3,0) HYSWAS with 50,000 hp (50,700 m
hp) installed and a fuel load of 670 tons (681 m
tons) is predicted to be as follows:

Maxi mum Speed 42 kts.
5,100 n.mi. at 20 kts.
Range {4, 000 n.m. at 25 kts.
2,700 n.m. at 40 kts.



255 hrs. at 20 kts.
Endur ance 160 hrs. at 25 kts.
67 hrs. at 40 kts.

Mlitary Payload
(MP.L.)
Variable Load

177 tons (180 m tons)

(not incl. in MP.L.) 58 tons (59 m  tons)
Stability, Control, and Mtions
Intact Stability. Hullborne intact stability

(zero speed) of the 2,000-ton HYSWAS, described
earlier, has been analyzed and is presented in terns
of righting arm curves for a normal weight of 2,000
tons (2,032 m tons) and several other load condi-
tions. The Milti-Subdivisioned Craft Hull Character-
istics Program devel oped at DTNSRDC, was used for
these conputations and results are given in Figure 7.
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FIGURE 7 — HYSWAS HULLBORNE INTACT STABILITY CHARACTERISTICS

Heeling arm curves corresponding to beam winds of 50
and 100 knots are shown and indicate that a heel
angle of about 3" can be expected from this design

in beam winds of 100 knots for a 2,200-ton (2,235 m
ton) load condition. In a, 100-knot wind, ballast of
about 200 tons (203 m tons) will provide a righting
arm greater than the wind heeling armat all heel
angles. It can also be seen that 100 tons (102 m
tons) of fuel could be burned off, before taking on
conpensating ballast, with a righting arm equal to or
greater than a 50-knot wind heeling armat all heel
angles. However, as nentioned above, a conservative
approach has been taken in the range conputations
where weight has been assuned constant with fuel
burn-off below a normal fuel |oad of 510 tons (518 m
tons).

‘lumerous intact stability cases have been run.
The HYSWAS concept is sensitive to upper hull beam
and shape, strut height and shape, the design
buoyancy/dynamic¢ lift proportions, and center of
gravity location. Al of these factors nust be care-
fully considered-in any specific HYSWAS design.

To evaluate the adequacy of intact stability of
this 2,000-ton HYSWAS, the standard wind heeling
criteria for US. Navy monohulls!” have been appli ed.
The projected sail area of HYSWAS in a beam w nd
increases with heel angle up to about 35°, after
which the wind heeling nonent tends tc decrease. A
wind heeling arm curve, nuch nore severe than that
stipulated in the criteria, is obtained. However,
HTSWAS is believed capable of neeting the righting
arm wind heel crossover and energy absorption
criteria for nonohulls.

Foil borne Roll Control. At foilborne speeds
HYSWAS designs require an automatic foil control
system primarily to achieve roll stability. The
Mul ti-Subdivisioned Craft Hull Characteristics

Program was used to compute the rolling noments of
the lower hull and strut at various heel angles and
upper hull clearances. A quasi-static roll analysis
can be performed wherein the foil roll monent at
various speeds is conputed and conpared to the buoy-
ant rolling noment. Righting arm plots, for foil

| oadings of 600 psf (2,929 kg/nt) and 1,200 psf (5,859
kg/m?) are shown in Figures 8 and 9; other foil

| oading conditions are explored in Reference 4.

W = 2000 TONS (2032 M. TON}; {7,3,0) HYBRID: KG =30 FT (8.1 M} L/d = 16
MAIN FOIL/AFT FOIL LIFT: 0.75025
MAIN FOIL ROLL CONTROL ONLY ‘CLMAX =10}

112) FOIL LOADING = 600 PSF (2929 KG/SQ. M.}
©

@
&
§ V'Pser
2 W HULLBORNE W.L. !
E \_

L 2
5 m J TTe——
=T
< /
g op 2 WNE wL
:
-4
e
o

INa——

2 H 1 L L { Il
] 5 10 \13 20 25 k4
HEEL/DEGREES

HEELING ARM {SD KNOT WIND)

FIGURE 8 = HYSWAS FOILBORNE RIGHTING ARM CHARACTERISTICS;
FOIL LOADING, = BOO PSF {2929 KG/SO. M}

W = 2000 TONS (2032 M. TON}; (7,3, 0) HYBRID: KG =30 FT (9.1 M}. t/d = 16
MAIN FOLL ROLL CONTROL DNLY ICLMAXK 1.0

MAIN FOIL/AFT FOIL LIFT: 375025
FOIL LOADING = 1200 PSF (5859 KG/SO. M.)

HULLBORNE W.L. =,

FOILBORNE W.L~

i—k-—-—ﬁl

RIGHTING ARM/FEET (METERS)

—~HEELING ARM 650 KNOT WIND)

2 | 1 ! ] ] .
) 5 10 15 20 25 2

MEEL/DEGREES
FIGURE 9 = HYSWAS FOILBORNE RIGHTING ARM CHARACTERISTICS;
FOIL LOADING = 1200 PSF {5859 KG/SQ M)

These plots indicate the righting arm values avail -
able fromthe main foil at various conbinations of
speed and heel angle. Figure 10 shows the relation-
ship of this 2,000-ton HYSWAS speed, upper hull
clearance. (distance between Waterline and bottom of

upper hull), and foil loading to provide a given
upper hull clearance. 1Two types of linmt lines or
boundaries are shown: one type represents initial

chine contact; the other type consists of control
limts based on wind heeling at a wind velocity of
50 knots and the ship heeled 5" as an exanple
condition. Ship operation should therefore' be

mai ntained at such speeds and upper hull clearances
(or foil loading) that fall above the chine contact
boundary and above the wind heel line. Figure 10
al so shows two operating lines. The lower of the
two operating lines represents the speeds and upper
hull clearances as the ship transitions from hulli-
borne to foilborne in the calm water condition. A
foil loading of 420 psf (2,050 kg/m?) corresponds tO
the point, or speed of about 13 knots, at which the
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upper hull clears the water. Speed would continue
to be increased to about 16 to 18 knots at a foil

| oading of 600 psf(2,929 kg/m?). Power requirenents
are mnimzed if a foil loading of 600 psf (2,929
kg/m?) is maintained as speed is increased to about
30 knots'*'. Therefore, the operating line is vertical
from 18 to 30 knots followed by a transition to the
design foil |oading of 1,200 psf (5,859 kg/mz) if
greater speeds are anticipated or greater upper

hull clearances are desired. The operation is con-
tinuous, reversible, and requires no large power
changes. The upper (alternate) exanple operating

line corresponds to a condition with a SO knot wind
on the beam and the ship heeled 5". Here, "take-off"
is at about 17 knots and a foilborne speed of 20
knots (or greater) would have to be maintained at
600 psf (2,929 kg/w?) foil loading to remain above
the 50-knot Wind heel boundary.

A conservative approach was adopted in the
foilborne roll control analysis discussed above.
The quasi-static analysis assunes that the foil
automatic control systemis not sensitive to heel
angles, and, therefore, control changes are made at
the instant a given heel angle is attained. Using
state-of-the-art automatic control systems for
hydrofoils, it is anticipated that roll angles can
be held within about 5" on HYSWAS when foil borne.

Although criteria for the evaluation of HYSWAS
take-of f characteristics have not yet been estab-
lished, a prelimnary analysis indicates that HYSWAS
has sufficient rolt control at |low speeds to main-
tain stability when conbined with the ship's intact
stability. The effect of head seas on take-off
performance is of concern and is being investigated.
It is not clear that this is a critical problem but
experinments are planned to clarify this issue.

Foil borne Stability and Mtions. From experi-
mental evidence on SWATH ship nodels, it was sus-
pected that the long slender hull of the HYSWAS form
could have a speed-dependent instability in pitch.(®
An investigation(") was therefore made to determne
the desirable foil size and location of this 2,000~
ton HYSWAS design to provide suitable vertical-
plane stability. Athough the foil system could
have an automatic pitch/heave control capability,
the analysis was made with foils in the passive
node (controls fixed). Reference 9 also included,
for the final foil configuration selected,

ship motion in regular head seas and the probable
range of the rate of foil deflections for the

control of heave and pitch if desired. A conven-
tional (airplane-type) foil arrangenent, as shown
inFigure 2, with 75% of the lift on the main

(forward) foil and 25% on the secondary (aft) foil
is recomrended. This is estimated to provide
positive vertical-plane stability through a speed
of 50 knots (to ensure that the ship's maxi num
operational speed is included) with the control
systemin a passive node. Automatic foil control
sensitive to pitch/heave notions is predicted to
enhance the stability characteristics of HYSWAS,
and, therefore, would probably be incorporated
into a HYSWAS design. Although a detailed eval-
uation of this option has not yet been undertaken,

analysis to date shows that foil control surface
deflection rates are practical in high, steep
waves.(s

Anal ytical results show little effect of

speed on the optimum locations of the main foil
when ship speeds exceed 30 knots. Also, changes
in HYSWAS's longitudinal center of gravity |oca-
tion within several feet fromthe normal full |oad
position are expected to have a relatively small
effect on vertical-plane stability.

Details of the stability and notion analysis

for regular waves are given in Reference 9; high-
lights of notion reus ae shown in Figures 11
and 12. Here, heave and relative vertical nmotion

for the 2,000-ton design are plotted against wave
length/ship length ratios for speeds of 30 and 40
knots. The analysis predicts, for exanple, that
in a regular head wave 1,800 feet (549 m)long with
an anplitude of 20 feet (6.1 m) (as may be found in

the Pacific Ccean), the lower hull of the 2,000-
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ton HYSWAS will not broach the free surface and
neither will the bottom of the upper hull be sub-
jected to wave contact. The relative vertical
motion characteristic curve (Figure 12) also
indicates that for a regular wave of about 200
feet (61 nm in length and 7.5 feet (2.3 m) anp-
litude (15 feet (4.6 m) crest to trough, which is
equivalent to a md-Sea State 6, based on signi-
ficant wave height), the top of the lower hull
woul d barely break the surface, and the vertical
motion at the forward end of the strut is less
than the upper hull clearance. The corresponding
vertical acceleration at the ship center of gravity
for the latter case is estimated, fromthe pre-
dictions of Reference 9, to be about 0.10 g which
is well within the human tol erance level. Because
of these characteristics, HYSWAS when foilborne is
predicted to have both heave and pitch notions
superior to conventional monohulls in head waves
and hence a potential for good seakeeping.

Maneuveri ng

No detailed analytical investigations or tests
have been made on turning characteristics and rudder
configurations for HYSWAS designs. However, hydro-
foil and Small \terplane Area Twin Hull (SWATH)
ship(lo) experience is expected to provide guidance
for future HYSWAS maneuvering studies.

The foil system of HYSWAS is expected to aid in
turning since the ship should be able to bank into
a turn. Athough a final selection of a rudder
configuration has not been made, a surface piercing
strut rudder would be preferred for HYSWAS from the
point of view of rudder control nachinery instal-
lation. This equiprment would be in the upper hull
where space is readily available. Also a strut
rudder allows a high degree of design flexibility
in rudder chord selection without an overall ship
wei ght penalty. A balanced rudder design is pre-
ferred to mnimze machinery weight, and has been
assuned in the weight analysis. Possible rudder
force reversal can be avoided with a bal anced
design by introducing a cut-out (or gap) of between
0.30 and 0.40 of the rudder chord in the strut{1V 1t
is planned to include this feature in early nodel
tests to determne rudder effectiveness and inpact
on drag.

St ruct ures
iy vl —

The Structural Synthesis Design Program
(sspP){12) was used to study the primary structural
wei ght of HYSWAS as Phase | of an effort to devel op
a sem-automatic structural weight estimation rou-
tine for hybrid ships. Figure 13 shows the HYswas
structural arrangement used in this program

HULL

} “" .]WI‘JG

HULL
WING

NOTE  DRAWING NOT TO SCALE
FIGURE 13 -STRUCTURAL. ARRANGEMENT OF HYSWAS

A 2,000-ton HYSWAS designed with a steel
hull and strut and al umnum upper hull was desig-
nated the "control" ship. Bending nonents and
materials of construction were varied to study
their effect on structural veight. HYSWAS differs
from SWATH in that the longitudinal bending monent
is nore severe than the transverse nonent.  SWATH
experience and prelininary calculations produced a
reference |ongitudinal bending noment of 12,000
foot-tons (3,716 mm tons) for this 2,000-ton
HYSWAS design. Several multiples of this value
were then used as shown in Figure 14. |t was
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found that the primry structural
relatively insensitive to bending nonent:

| oads such as hydrostatic and deck |oads, :
Figure 15 shows how various naterials

the all-al unminum ship

the wei ght .
were used in the design;
shows |arge weight savings,
"control" ship. The all-st
wei ght variation, however
“control " ship.

From prelinmnary resul

all

weight is
local

dictate

conpared to the
eel designs show little
are heavier than the

ts, HYSWAS in the 3,000-

to 4,000-ton (3,048 to 4,064 m tons) size range

appear
tures; however,
(1,016 to 2,032 m

designs. Therefore,
ton HYSWAS described in thi
an all-alumnum structure.
such as doors, hatches,

tons)

simlar
structure structural weight
(16 kg/m®) is used.

The SSDP was al so applied to obtain an estinate
Since this was only an approxi-
anal ysis was incl uded.
foils were HY-100 throughout;
dimensions and carry-through structural

of the foil
mation,

wei ght .
no torsional

to be candidates for
those in the 1,000~ to 2,000-ton

range require all-alum num
to nininize weight, the 2,000-

and wel di ng,
taken at 25% of &he primary structure.
superstructures,(13)

st eel -al um num struc-

s paper is designed with

Secondary structure,

etc., was
Based on

a conservative super-

density of 1.0 1b/ft?

The
wei ghts and
wei ghts are

foil

given in Figure 16 from Reference 12.
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WEIGHTS OF A 2000.TON HYSWAS

(DRAWING NOT TO SCALE1

Sone critical
including the |ower hull-st
i ntersections.

for structural weight

areas need to be investigated,

rut and strut-upper hull

It is enphasized that proper design
mninzation and fatigue in

these locations is inportant to the HYSWAS

configuration.

Propul si on Systens

Early in the analysis,
turbines were selected as t

their light weight and conpactness.

aircraft-derivative gas
he prinme nover due to
A contra-

rotating propeller was preferred because of the

hi gh propul sive coefficient
Figure 5 and reduction of

(P.C.) as shown in
the rolling nonent

caused by the torque of a single screw

)

hul |
t hat

Arrangements with engines in the |ower
were investigated. It was found, however,
locating the engines in the upper hull is preferred
becase Of better arrangenents and |ower overall
center of gravity, even though the ship weight is
larger. Sinply stated, this is due to a tradeoff of
fuel and engine locations. This is expected to be
true for all HYSWAS unless a higher power |ight-
wei ght engine (sufficient to provide the total
pul sion power) becones avail able.

(ne propul sion system arrangenent investigated
requires a Z-Drive. Power is transmtted from each
of the two engines through a series of bevel and
planetary gears and shafts, illustrated in Figure

pr o-

17, to fixed pitch contrarotating propellers.
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FIGURE 17 SCHEMATIC OF MAIN PROPULSION
SYSTEM AND MAJOR TRANSMISSION COMPONENTS

Three engine options were exam ned:
LM 2500, supercharged LM 2500, and ¥T-9.

The current LM 2500 engine is rated at 22,500
BHP (22,800 m hp) (maximum continuous at 80°F
(27°C)); 25,000 BHP (25,350 m hp) (nmaxinmum con-
tinuous) is anticipated. 'This provides 50,000 SHP
(50,700 m hp) total, adequate for about 42 knots
for this design.

The FT-9 is expected to have a 33,000 BHP
(33,462 m hp) (maxi mum continuous at 100°F (38°C))
rating. It 1s four inches longer than the 1M 2500,
fits in the designed engine room but weighs 3,500
pounds (1,588 kg) nore (per engine) than the LM 2500.

The LM 2500 supercharger!*) is expected to
boost the engine power to 32,000 BHP (32,448 m hp)
(maxi num continuous at 80°F (27°C)}. It weighs
about 9,000 pounds (4,082 kg) and |engthens the
unit by about 12 feet (3.7 m). This would require
Maj OF rearrangement of the upper hull.

The standard LM 2500 engine was chosen. If
hi gher power is desired, the Fr-9 would be preferred.

The two designated 1M 2500 engines with their
auxiliaries, enclosures, and nounts weigh 39.7 tons.
They provide 50,000 SHP; however, the transmssion
system and propellers are sized for 60,000 SHP so
that higher power could be accommodated at a later
date.

The engine box (see Figure 17) is based on a
unit intended for possible use on a 750-ton (762
m ton) Developnental Big Hydrofoil (DBH). It takes
power from the engine through a right angle double
bevel gear (double mesh) unit to horizontal deck
shafting.

The iwo deck shafts transnit power to the
deck- conbi ner box which is a quadruple mesh bevel

st andar d



gear unit. The DBH shoul der box wei ght was used as
a basis for weight estimation. Fromthis deck=-

conbi ner box, power is transmtted through vertical
coaxial contrarotating shafting to the |ower hull.

The conbiner-reduction gear box,(!% Iocated
inthe lower hull, takes power from the vertical
shafts, recombines it, reduces shaft speed by a
ratio of 1.625 to 1 and transnits power aft.

A contrarotating planetary reduction gear
reduces the speed and transnits the power to con=
trarotating propellers. An appropriate gear would
be sinilar to the MARAD/Curtiss-Wright System F.
The current System F has an estimated dry weight
of 177,200 pounds (80,377 kg). It is understood
that for the required rpm torque and thrust of a
2,000-ton HYSWAS, a nodified version capable of
transmtting about 60,000 hp at 270 rpm would

wei gh about 70,000 pounds (31,751 kg)*. The weight
reduction would be in the gears, thrust bearing, and
upper casing. However, the current System F, illus-

trated in Figure 18, could be used on a devel op-
mental ship to reduce rework and cost. |t has a
speed reduction of 8.18:1 and an expected efficiency
of 99.1%

FIGURE 18 CONTRAROTATING MARINE PLANETARY TRANSMISSION

CGear boxes have an estimted weight of 97.000
pounds (44,000 kg). Shafting weight is estinated
at 13,900 pounds (6,300 kg) of which 9,215 pounds
(4,170 kg) is propeller shafting. Further details
can be found in Reference 16.

Power is transnitted to the water through a set
of concentric contrarotating propellers. A though
the design of the contrarotating reduction gear
dictates that the speed, torque, and power cannot be
the same for both screws, they are assumed the sane
in the design of an equivalent propeller, which is
projected for 30,000 SHP (30,420 m. hﬁ)' The equi -
val ent propeller has the follow ng characteristics:

Ship Speed, V = 42.5 knots

Delivered Horsepower, DHP (per

28,500 (28,900 m hp)

Thrust Deduction, t = 3.5%

Wake Fraction, w = 7%

Thrust = 141,000 pounds (64.000 kg)

propeller) -

Troost B4.55 Equivalent Propeller - 270 rpm

opti mum

Daneter, D = 13.02 feet (3.97 n)

Pitch/Di ameter - 1.35

Qpen Water Efficiency, n = 0.77
*Conversations with D. Falenta, Curtiss-Wight,

21 August 1975; D. Falenta and E. Critelli,
MARAD, 4 Septenber 1975.

Rel ative Rotative Efficiency, n

Hil | Efficiency, n, = 1.03 X

Mechanical Efficiency, = 0.95

Propulsive Coefficient (Including nM), P.C.

= 0.716

Valluess off t, w, np, and Ny vere taken from
the SWATH III demiehull model tests.87) A more
exact estimate would be necessary for an actual
design. Propul sive coefficients for speeds from
15 knots to 45 knots were calculated. An effi-
ciency of 5% was added to the P.C. due to the

= 0.95

beneficial effects of contrarotation, as sug-
gested by Hadler.(18)  This efficiency increase
may not be realizable at high speeds, so it was

reduced beyond 40 knots. The resultant P.C
curve is shown in Figure 5.

The largest known marine contrarotating
propeller installation to date, according to
Jane's Fighting Ships,(19) is the 15,000 SHP
(15,210 m hp) (total) submarine U S.S. JACK
Since this HYSWAS design is much larger, several
factors should be exam ned: shaft bearings and
seals for these high powers and speeds could pose
a problem lubrication could be difficult, and
potential vibration problens should be deternined.

Diesel and gas turbine auxiliary engines were
exanmined. It was estimated that 1,000 SHP (1,014
m hp) for each of two engines would provide a
speed of about eight knots hullborne. Since upper
hull weights are critical, gas turbines are pre-
ferred as auxiliary engines despite their higher
fuel rate. Each engine would drive through one or
two rotatable retractable thrusters located at the
outboard extremes of the upper hull. This should
give good low speed maneuverability. The retracted
thrusters would produce no drag and are not vul -
nerable to damage when the ship is foilborne.

Two major HYSWAS machinery considerations
remain. Due to the critical nature of HYSWAS wei ght
and center of gravity, it is believed that water
screws are the most suitable means of propelling the
ship.  Although materials and construction of gear-
ing, shafting, and bearings for Z-Drives would
have to be inproved for HYSWAS, no breakthroughs
are required. Depending on the limtations,

weight, and reliability of advanced electric
systems, these could also be transmssion can-
di dates. As shown above, the higher propulsive

coefficient of contrarotating propellers inproves
HYSWAS performance and woul d probably be selected

for all large HYSWAS. It should be pointed out,
however, that although this would solve the torque
problem HYSWAS is not competely dependent upon a
contrarotating propul sion system since a single screw
or side-by-side propellers nmay also be feasible.

Ship System Engineering

It is not sufficient that a hydrodynamc form
be generated and its performance estinmated. It
must be shown that this formis capable of per-
formng a mssion and, when configured to the
mssion, that it is consistent with the assunptions
used in generating the performance figures. . An
AAW/ASW/SUW nission sinilar to a SWATH egeort( i)
was chosen and was the basis for choice of manning
and the weapons suite. Wile certain weapons are

specified, a high degree of flexibility in weapons
choice is possible. In addition, the ship has the
capability of launching, retrieving, and hangaring

two LAWPS-type helicopters. The HYSWAS's deeply
subnerged streamined lower hull is anticipated to
be good for bowmounted sonar. Figure 19 shows
several views of this configuration.
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FIGURE 19 - 2000-TON HYSWAS COMBATANT ARRANGEMENT

Vi ghts were derived from SWATH ship and
hydrofoi | practice. However, weights conparable
to monohull practice were used when design features
were simlar.

Fuel tanks in the lower hull have capacity for

the required 510 tons (518 m tons) of fuel. By
filling all the tanks in the lower hull and strut,
160 tons (163 m tons) of additional fuel can be

accommodated. This noves the center of gravity
down by 0.7 feet (0.2 nm) and forward by 2.5 feet
(0.8 m). The fuel storage positions nust be care-
fully established for each HYSWAS to keep the cen-

ter of gravity in a satisfactory region. For this
design, the availability of sufficient volune for
all fuel does not appear to be a problem

The ship is arranged to provide functional
accessibility, particularly anong conbat control
areas. Conpartment deck areas are specified to be
simlar to those on a chosen 2,000-ton SWATH escort,
except in those locations where the SWATH ship
area allocation appeared to be excessive.

Living and dining spaces were allocated to be
conparable to modern Navy practice. Table 3 com
pares the manning estimtes and approximate areas
for the 2,000-ton HYSWAS to those for other ships.

TABLE 3
MANNING ESTIMATE AND
ARRANGEMENT AREA

R ] HYSWAS
MANNING ESTIMATE DBH PG-84 DE-1037 2,000
Officers 5 4 9 12
CPO’s 5 4 8 12
Enlisted Men 36 _2_1 1 _9_4;

TOTAL w2 189 118
HYSWAS
AREA/CREW MAN {FT2/MAN) DBH PGB8 DE.1037 2,000
Otticer Berthing 78.0 64.8 1120 720
CPO Berthing 420 46.0 31.0 39.0
EM  Berthing 207 243 171 370
Wardroom/Mess Room & Lounge 41 0 313 386 325
CPO Mess Room & Lounge 39.0 - - 18.6 16.5
Crew Mess Room 83 6.2 49 108

The following are approximate enclosed vol unes
for the conponents:

Vol ume

Conponent s (ft3) (m3)_
Lower Hull 42,500 1,203
Strut 21, 200 600
Upper Hul | 168, 000 4,757
Superstructure 146,500 4,148
TOTAL 378, 200 10, 708

The volune available for crew and operation spaces
is nore than adequate, so it appears that WSWAS
is not volume linted.

A nore detailed breakdown was estimated for
each weight group. Structural weights were based
on the results from Reference 12. A double bottom
is included in the upper hull of the HYSWAS design,
and, due to the shape of the upper hull bottom
there is much volume which is unused except for
pipe or wire ways. As this results in a higher
structural weight, perhaps sone neans of reducing
this penalty can be found, but this nust await
further examination of structural inpact loads in
waves.

Propul sion system weights were estimated from
i ndividual conponents. Electric nlant vuii ghts
vere based on NAVSEC SWATH ship designs(!3) and
hydrof oi| estimates.(20) Communication and control
wei ghts were taken froma 2,000~-ton SWATH escort,
with some nodification. The auxiliary weights
were derived from SWATH advanced system and hydro-
foil practice. Qutfit and furnishings weights are
slightly lighterthan conventional SWATH system
wei ghts because of anticipated use of a certain
degree of |ightweight systenms. The weapons (nen-
tioned earlier in the description) are the same as
for a 2,000-ton SWATH escort. Figures 20, 21,
and 22 show electric plant, auxiliary, and outfit
and furnishings weights respectively as functions
of various ship paraneters.
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FIGURE 20 = ELECTRIC PLANT (GROUP 300) WEIGHT TREND

These curves reflect nonohull, SWATH Ship and

hydrofoi | experience. The curves shown were used
to check the group weights derived from a detail-

ed analysis and were found to be in agreenent.
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Variable |oads estimates were derived from SWATH
and hydrofoil practice and independent analyses.
Further details on the group weights and a three-
digit breakdown can be found in Reference 16.

A one-digit weight summary is given in Table 2.

It was necessary to use some advanced technol -
ogy subsystens to keep their weight to a mnimm
In this concept, as with many other advanced ships,
the actual figures in many weight groups are de-
pendent, to a great degree, on the amount that
one is willing to pay for advanced technology. The
cost of concepts which depend for their viability
upon |ightweight systenms will be high; this cost
cannot be avoi ded.

This 2,000-ton HYSWAS conbatant has a center
of gravity 30.5 feet (9.3 n) above the baseline

and 129.7 feet (39.5 m) aft of the lower hull bow.
The vertical and longitudinal |ocations of the
center of gravity are very inportant. A |ow center
of gravity aids in providing sufficient hullborne
stability and reduces the anount of roll control
that nust be supplied by the foils when the ship
is foilborne. The vessel center of sustention
(combination of buoyant and dynamc forces) nust
be located in a vertical line with the ship center
of gravity. To provide sufficient quasi-static
and vertical plane stability, there is a region of
perm ssible longitudinal positions of the center
of gravity as nentioned in the hydrodynam cs
section. The center of gravity location of this
2,000-ton HYSWAS design is appropriate for sat-
isfactory stability in all nodes.

In the absence of a detailed mssion analysis,
a weapons arrangenent simlar to a 2,090-ton SWATH
escort{3) was adopted :Eor purposes of illus-
tration. The weapons, nentioned earlier in the
paper, can be acconmodat ed.

Concl usi ons

A HYSWAS form conbines the favorable 1ift-
drag ratios (L/D) of a buoyant vehicle at |ow
speeds and the relatively high L/D of a fully sub-
merged hydrofoil dynamic lift system at noderate
to high speeds to provide relatively favorable
drag characteristics continuously over a broad
speed spectrum Wth about 70% buoyancy and 30%
dynamic lift, HYSWAS can be operated in a foilborne
mode at the |ower end of the speed spectrum by un-
loading the foil and accepting a higher waterline
on the strut with a marked inprovenment in perfor-
mance below 30 knots. 'For the specific 2,000-ton
(7,3,0) HYSMAS design described, "take-off" speed
is about 13 knots, nininmum foilborne operating
speed is 16 to 18 knots, and the maxi num speed is
about 42 knots with 50,000 SHP (50,700 m hp) in-
stalled. Speed degradation due to rough water is
expected to be snall.

A veight estimate :Eor an all-alumnum (7,3,0)
2,000-ton HYSWAS results in a military payload of
177 tons (180 m tons) with a normal fuel |oad of
about 510 tons (518 m tons). This results in a
predicted calm water range of about 4,000 nautical
mles at a foilborne speed of 20 knots. An addi-
tional fuel load of 160 tons (163 m tons) can be
accomodat ed (without a reduction in payload)
which increases calmwater range at 20 knots to
about 5,100 nautical miles, and provides a range
capability of 2,700 nautical miles at about 40
knots.

The HYSWAS form requires an automatic control
system  Quasi-static foilborne roll control anal-
ysis indicates adequate control down to between
16 to 18 knots in calmwater; in 50 knots beam
Wi nds the minimum ¥oilborne speed would be about
20 knots. It is predicted that the 2,000-ton
HYSWAS foil systemwith controls fixed will main-
tain positive pitch and heave stability through
maxi mum speed. Incorporating an automatic fea-
ture in the foil control system for pitch/heave
control can enhance vertical-plane stability. The
2,000-ton HYSWAS design described, when foil borne,
is estimted to have both heave and pitch notions
superior to conventional nonohulls in head seas,
and hence a potential for good seakeeping.

The general arrangenent of the 2,000-ton
HYSWAS design provides for a conplenent of 118.
It can carry several types of weapons and two
LAWPS-type helicopters. The form appears to offer

good arrangement flexibility. A fixed-pitch, con-



certain
the design

trarotating propul sor appears to offer
advantages for the HYSWAS form however,
is not conpletely dependent on this feature since
a single screw or side-by-side propeller arrangenent
may al so be feasible.

At this early stage of devel opnent, the HYSWAS
(7,3,0) hybrid formin a 2,000-ton Size conbines
many desirable characteristics in a single plat-

form and, therefore, appears to be a candidate for
smal |, open-ocean, all-weather naval conbatants.
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