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ABSTRACT

A 400 Long Ton SurfaceEffectShip conceptdesigndevelopedto fulfillpostulated
UnitedStatesNavy requirementsis described. The ship designpresentedaccommo-
dates a particularcombatsuitehavingHarpoonmissiles,the Oto Melaragun and a
close in weaponssystem (CIWS)consideredsuitablefor a coastalcraft,though
other combatsystemelementscouldbe fittedwith very littledesignchange. Pro-
vision is made for the landing,fuelingand launchingof a helicopter. Performance
capabilitiesare shown and the technicalrisk assessmentof the designpresented.
The designrepresentsa conceptcapableof fleetintroductionby the mid 1980’s.

The report is producedin two volumes. Volume I is the TechnicalReportpresenting
the ship’sprincipalcharacteristics,performance,and descriptionof the main sub-
systems. Volume II is a Cost Reportpresentingcost sumary, cost details,basic
constructioncost estimatingrationale,schedule,manpowerdistributionsand appen-
dices. The Cost Reportalso containsestimatesfor the lead ship,the first
productionship,and a follow-onproductionfor a totalproductionof seven (7)
ships.
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The 400 Ton CoastalSurfaceEffectShip (CSES)is an advancednaval vehiclecapable
of early fleet introduction.The assumedmissionof the ship is to augmentthe
main surfaceforces,particularlyin the ?4editerraneanand the narrow seas and in-
lets of the Atlanticand Pacificin a surfacewarfarerole. The capabilitiesof
the ship as presentedincludesurfaceand air surveillanceand the detectionand
attackof enemy forces. The CSES has an all weathercapability,a significant
speedadvantageover conventionalcraftcombinedwith long range and good perfor-
mance capabilityin high sea states. In line with the postulatedcoastaldutiesa
missiontime of five (5)days has been assumed,but as.with many other surface
effectship designs,it has the abilityto embarkfuel in excessof the full load
displacement(FLD)so that occasionalextendedvoyagesmay be made withoutrefuel-
ing.

The notableperformanceof this ship arisesfrom the characteristicsof SES that
operateon an air cushionwhich provideseffectivelift to drag ratiosat a given
designspeedhigherthan conventionalships. The CSES operatesat a cushionlength
to beam ratio (L/B)of 5.0. With this L/B, the ship operatesonly in the sub-hump
mode therebyovercomingthe hump transitproblemsof both low L/B SES and hydrofoils.
This L/B was selectedso that the desiredspeed,range and payloadcouldbe achieved
with adequateroll stabilityand maneuverability.The CSES has been designedso
that it has a hullbornecapabilitywhich providesextendedrange at an acceptable
speed.

Althoughthe designis advancedit is based on the use of materialsand systems
presentlyavailableand fully tested. This gives confidencein the low technical
risk assessmentand producesthe leastcostlyproductto meet the operational
objectives.

The technicaland productionplanningmaterialin this report is based on 14 years
of technologypursuits,test and evaluation,productionanalysis,manufactureof
large surfaceeffectcraft,and a wealthof corporateknowledgeand expertise
residingin the UnitedStatesNavy SurfaceEffectShipsProjectOffice (SESPO)and
the DavidW. TaylorNaval Ship Researchand DevelopmentCenter (DTNSRDC).

—

—

—

—
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COASTALSURFACEEFFECTSHIP (CSES).

—

2 REPORTSUMMARY

2.1 STUDYOBJECTIVES

The CSES has been configuredto performthe followingmilitarymissions:

o Offensiveoperationsagainstsurfacecombatantsand craft

o Surveillance,patroland blockadein coastaland inlandsea areas

o Screening(exceptASW-spaceprovided)

o Specialoperation
..

In additionto fulfillingits militarymission,the CSES has the followingdesign
objectives:

o Speedadvantageover conventionalships

o Good range at economicalspeed
,...-

—-

0 Low cost

o Low risk

o Minimummanning

—

—.

—-

.

—

0 Maximumpayloadcapability

With the “aboveobjectivesas guidelinesa 400 Long Ton 180 Foot SurfaceEffectShip
evolvedhavinga 60 long ton payloadcapability. Simplifiedplan and elevation
views are shown in Figure 2.1-1with the principalcharacteristicslistedin Table
2.1-i. The predictedperformanceis in Table 2.1-iiand a typicalcombatsuite
consideredadequateto meet missionrequirementsis listedin Table 2.1-iii.

2.2 STUDYRESULTS

The twin screwCSES shown in Figure 2.1-1,when gas turbinepropelled,on cushion,
and at full load displacement(FLD),_achieves53 knots in a sea state O (SS-0).
When utilizingthe secondarydieselpropulsionsystemand hullborne,its range is
4000 nauticalmiles (rim)at 16 knots. This performancefar exceedsthe capability
of existingcoastalships.

2-1
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COASTALSURFACEEFFECT”SHIPPRINCIPALCHARACTERISTICS

—

—

—

—

.-

—

—

.-

—

—

—

-.-

—

1
I

lEIGHTS: !POWERPLANTS:
;

Full Load Displacement I Propulsion Two Allison570-K
(FLD] (LT) 400 ~ (CODOG) (6445ContinuousSHP)

1 Gas Turbine
Light Ship (LT) 277 !

! Lift EnginesI *FourMTU 8V331 (870
SHP) Diesels- Similar
to Fit in PHM

Fuel 96 LT G Payload60 LT 156 I
I
i
II
~ Lift FansI Four 14ixedFlow Fans
I

I PropulsoryI Two 8 Foot Diameter
Fixed Pitch Propellersi1

I
1
1

icoNsTRucTION:)IMENSIONS:

LengthOverall (FT)
I

I Structures180

44

5

13

157

160

32

7 As

J.Gg

WeldedAluminumwith
FiberglassSuper-
structure

1
I

IBeam Overall (FT)
iI

CushionLength/BeamRatio

Wet Deck Height (FT)

NominalCushionPressure(PSF)

EffectiveCushionLength (FT)

EffectiveCushionBeam (FT)

\f;~’; p~n

I SealsI Two DimensionalBag
and Fingeri

II
; Electrical1 Three 200 KW Gas Tur-

bine Generators

~ Steering Twin Rudder,Differ-
entialThurst Reversal
with the Propellers

i
III
I
I
1
i
ICREW
; ACCOMMODATIONS:[(--p !zu
i
I
t Crewi 33 OfficersG Men

33 Berths
I

~ AccommodationsI

Two of the Dieselsmay be used for Propulsionwhen off cushionand for lift when
on cushion

TABLE 2.1-i
-..

.
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SPEED KNOTS

..

PERFORMANCEFLD = 400 TONS

—.

-..

ON CUSHION

MAXIMUMPOWER CONTINUOUSPOWER

Ss-o SS-3 Ss-o SS-3

57 43 53 41

OFF CUSHION (DIESELS)

CONTINUOUSPOWER

Ss-o SS-3

16 15

.-

RANGENM (96 LT FUEL)

CONDTTTON MAXIMUMRANGE RANGEAT MAXIMUM
AVERAGESPEED

ON CUSHION

Ss-o 2050NM @ 25 KNOTS 1600NM @ 53 KNOTS

SS-3 1750.Nk.@.25KNOTS 1250NM @ 40 KNOTS

OFF CUSHION
.,,,,’.

Ss-o 4000 NM @,16 KNOTS -----

,.,,.:,...,~ . .’

TABLE 2.1-ii
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TYPICALCOMBATSUITE
:;~,.-::—

—

—

—

.

.

—.

-—.

—

EIGHT (8)HARPOONMISSILES

MK 75 76MM 0TO14ELARAGUN

MK 95 GUN FIRE CONTROLSYSTEM (GFCS)-

CLOSE-INWEAPONSYSTEM (CIWS)

AUTOMATEDCOMBATINFORMATIONCENTER (CIC)

o Two (2) Displays- One (1) Computer

ENHANCEDPHM COMMUNICATIONSUITE -

0 Link 11 and 14

HELO PAD

o Lamps III

o Fueling

ELECTRONICSUPPORTMEASURES (ESM)SLQ-32
I

TABLE 2.1-iii

Throughoutthe design,every efforthas been made to keep costs and risks as low as
possible. This has been achievedlargelyby considering-onlymaterialsand equip-
ments which are availablenow and that have been fully tested;and by simplifying
the design. For example,the proven 5456 aluminumalloy is specifiedfor hull
structureratherthan the experimentalC19 aluminum,even thoughthe latterbecause
of its higheryield strengthwouldhave resultedin a lighterstructure. Fixed
pitchpropellershave been specifiedin the design. These are readilyavailable,
simplerand considerablycheaper-thancontrollablepitch propellerswhich would
have been more efficientoverall.—

Organizationallevelmaintenancehas been kept low by deferringas much as possible
to the intermediatelevelwhich can then be undertakenbetweenmissions. This has
the advantageof enablingthe ship to be complementedfor its operationalneeds and
not its maintenancerequirements,so allowinga smallercrew than might normallybe
expected. Where possiblealso, l!stateof the art” remoteand automaticoperation

— of machineryhas been fitted. This contributessignificantlyto the minimumcrew
.. . concept.

It is anticipated
!.. cycle followedby

that availableto
LogisticsSupport

— employment..

that the CSES will functionon an eighteen(18)month operational
a forty-five(45)day regularoverhaul(ROH)period. Similarto
the PHM, intermediatelevelmaintenancesupportby a Maintenance/
Group (MLSG)is plannedfor periodsthroughoutthe 18 month

2-5
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Ship availabilityhas been enhancedand overhaultime reducedto a minimumby in-
cludingin the machinerydesign layouts,maintenanceenvelopesfor all machineryto
ensureeasy access,and removalroutes for criticalequipments. This enablesa
component/modulereplacementstrategyto be implemented.

The CombatSystemof the CSES uses subsystemswhich have been approvedfor service
use, or are in currentprocurementfor other shipsor ship classes. It was a
designrequirementthat normalproceduresbe used to installthese equipmentsand
thereforeconsiderationwas taken to insurethat uniquecharacteristicswere identi-
fied. No develqxnentalsystemsare identifiedin the baselinedesignexceptfor the
collisionavoidancesystemwhich was adaptedfrom the high speedship collision
avoidanceand navigationsystem (AN/SSO-87(V))scheduledfor Operationaland Techni-
cal Evaluationin 1981.

2.3 SHIP DESCRIPTION
.,

Figure2.1-l”presentsa simplifiedplan and elevationof the CSES showing
shapeand proposedcombatsuite.

2.3.1 OperationalPropulsionModes

The ship can operatein eitherof two modes - cushionborneor hullborne.
formanceat FLD is shown in Table 2.1-ii. Operationin higher sea states
SS-S is possiblewith survivabilityto SS-9.

the hull

The per-
Up to

When cushionbornethe CSES is poweredby two Allison570K(6445SHP) gas turbines
with tlieliftpower providedby MTU(870SHP) diesels. Four dieselsare fittedto
drive the fourmixed flow lift fans thoughall of thesewould only be necessaryin
maximumsea statesor for maximumspeeds.

In the hullbornemode, the machineryplant is designedso that eitherone or both
of the two after lift fan dieselswould providethe propulsivepower. Thus,these
dieselshave a-dualrole providingpower for liftwhen cushionborne,and propulsion
when hullborne. h additionthe propulsivepower couldbe suppliedby eitheror
both gas turbines.

2.3.2 CombatSystem

The combatsystemshown in Table Z.I-iiiis typicalof what can be fittedin the
CSES hull, and is consideredadequateto meet missionrequirements.

,-

Surfaceengagementsagainstpatrolcraft and smallboatswould utilizethe 76mm gun,
controlledby the”MK92 Mod 1 fire controlsystem;and with HARPOON,the ship has
the capabilityto engagesurfacetargetsusing radar or
sensors (i.ek,AN/SLQ-32)or Link 11. ,,;-,.,,

Air targetsalso can be engagedby the 76mm gun as well
system (CIWS). The CTWS; the primaryanti-shipmissile
close-interminaldefenseagainstanti-shipmissilesor
levelpassesover the ship. ‘

!... . .
< ’-’”-”..’.” “-’

.,

over-the-horizontargeting

as with the close-inweapons
defense (ASMD),provides
manned aircraftmaking low
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Althoughnot fittedwith a hanger or
pad with the abilityto embark,fuel

repair facilities,the CSES has a helicopter
and launchthe LAMPS III SikorskySH-60B. In

addition,space is availablefor developmentalhigh performancesonars.

2.3.3 Other Systems

The ship is providedwith a Navigationand CollisionAvoidanceSystem (NAVCAS),an
Exteriorand InteriorCommunicationsSystem,and a Ship ControlSystem. Electrical
power is providedby three 200KW,440 volt, gas turbinegeneratorstwo of which can
meet the full battle load. Auxiliarymachinery,includingpumpingsystems,distil-
lingplants,sewagedisposalsystemand air conditioningare installedin the
sidehulls.

2.3.4 Fire Protection

— Fire protectionis a major elementof the CSES damagecontrolsystem. Protection
is providedby an integratedactiveand passivesystem’designedto protectspecific
spacesand areas of high fire probability. The major functionof the passivefire

— protectionsystemis to protectthe aluminumship structureuntil the activesystem
is broughtinto play. Passivefire insulationis installedin,spacespresentinga
high fire threatwhich are unmanneda considerablepercentageof the time. These
includethe machineryspaceswhich are treatedon the decks,bulkheadsand over-—
heads.

The activefire protectionsystemprovidesfire detectionand fire extinguishing.
— Detectionis accomplishedby earlywarningionizationand overheatdetectors. The

liquidfuel fire hazard spacesare protectedby automaticdetectionand rapid auto-
matic extinguishment.Each gas turbineengine,lift machinery,auxiliaryand

. electricalcompartmentis protectedby a distributingHaIon 1301 system. An aqueous
film formingfoam (AFFF)systemservesas a back up for the main machineryand
auxiliarycompartmentsand as the primaryprotectionfor the helicopterlanding
platform. The CSES firemainsuppliesseawaterto fire plug hose stationsand the—
magazinesprinklingsystem. Halon 1211portable,lightweightfire extinguishers
are providedfor manualuse.

— 2.3.5 Ship Delivery

The CSES designis based upon hydrodynamicdata,performancepredictiontechniques,
. structuralsystem,propulsionsystems,lift fans,cushionseals,and ship control

technologypreviouslydevelopedwithinthe scopeof the SES Program. As a result,
the technologyselectedfor thispoint designis readilyavailableand has been
subjectedto considerabletestingand/oroperationwithin the scopeof the SES Deve-—
lopmentProgramor withinother shipprograms. There is thereforeno RGD necessary
before contractdesignwork and the preparationof a requestfor proposal (RFP)
could commence. Given the go ahead it is estimatedthat these couldbe completed

— withinnine months.

The RFP would be for the design,
— option for follow-onships.

construction,and deliveryof a lead CSES with an

The detaildesignand constructionof the firstCSES, includinglong lead time for
certaininstallationshas been estimatedto take thirty (30)months.—

—
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The ship could thereforeeasilybe introducedto the fleetby the mid 1980’s.

2.3.6 WeightEstimates

Preliminarycalculationsfor the CSES show the weight estimatein long tons (LT)
split into the variousSWBS groupsas shown in Table 2.3-i.

WEIGHTESTIMATES

SWBS ITEM LONG TONS

100 Structure 98.4

200 Propulsion 23.8

300 Electric 11.6

400 Commandand Surveillance 17.6

500 Auxiliary 26.1

567 Lift System 18.0

600 Outfitand Furnishings 25.0

700 CombatSystems 22.7

Design G ConstructionMargins 36.2

Light Ship 279.4
...... .,..-...+.

VariableLoad - Ammunition 20:1

- Personnel 4.5

26.7

FLD withoutFuel 304

VariableLoad - Fuel 96

Total FLD 400 Long Tons

TABLE 2.3-i

.

—

—

—

.,

—

—

—.

.

—

—

—

—

—

—

—
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—

.
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3 SHIP ARRANGEMENTS

—

3.1 CONFIGURATIONAND TANKAGE

—

—

—.

—

The 180 foot long coastalSES designis efficientlyarrangedwith the catamaran
hull shapeofferinguniqueopportunitiesfor efficientship systemslayout. The
fuel and water tanks are locatedin the doublebottomof each side hull which gives
tankageof 8000 cubic feet availableto handleover 140 LT of fuel plus potableand
ballastwater.

Havingtankagesegregatedin each sidehulldecreasesthe chancesof overall
contaminationand so increasesthe reliabilityof the fuel system. The use of
interconnectingpiping and isolationvalvesenablesfuel from eithersidehullto
be used for port or starboardservices.

3.2 WATERTIGHTINTEGRITY

— The watertightintegrityis maintainedby watertightbulkheadsin each sidehull
spacedevery 30 feet. These thirtyfoot compartments,in additionto a collision
bulkhead10 feet aft of the bow, providea full 2 compartmentdamagestability

— capability. The V-linesdo not penetratethe 2nd deck,howeverthe watertightbulk-
heads are extendedup to the main deck to furtherimprovethe combatsurvivability
of the ship. This enablesthe CSES to survivedamagealong the entirelengthof
the bottomof one sidehulland stillbe able to returnto port under the power pro-—
vialedby the machineryin the other sidehull.

—

—

—

—

—

——

—

—

—

3.3 MACHINERYARRANGEMENT

The main propulsionmachineryis locatedon the third deck within each sidehull
betweenwatertightbulkheadsat 90 and 120 foot stations. Nine (9) footwide
spacesprovideeasy accessto the main enginesfor service,repairand removal.

Auxiliarymachineryspacesare locatedon the third deck aft of the main machinery
spacesand on the seconddeck aboveboth the main machineryand lowerauxiliary
spacesbetweenstations90 and 150. These spacescontainover 2000 square feet of
useful area in 8 rectangularshapedspaces.

Four more compartmentsare dedicatedto the lift system. Two are locatedforward
on the seconddeck in the bow betweenstations10 and 20 where they have minimal
impacton the shipsgeneralarrangements.The two remaininglift fans are posi-
tionedon the third deck aft. Six-hundredforty (640)squarefeet of deck space is
utilizedby the lift systemto providea totalmachineryspacearea of 2700 square
feet.

Separatingthe main machineryin each sidehulladds some extraweight to the dis-
tributivesupportingsystems,but this is offsetby the gain in reliabilityand the
increasedsurvivabilityfrom the damageviewpointdue to the wide segregationof
the plants. Also the wide propellerspacingsignificantlyimprovesmaneuverability
and ship control.

3-1
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The locationof the main machineryaft of station90 enableseasy verticalremoval
paths for all machineryaft of the superstructurewithoutinterferingwith other
ship equipmentand also resultsin a shortdrive shaft lengthof only 70 feet. The
catamaranshapeof the sidehullsand the Iocationof the machinerylow in these
hulls providesa shaft inclinationof only 4 degreesand allowsthe installationof
the propellerson the transom. This eliminatesthe need for exposingthe shafting
and propellersbeneaththe hulls and in turn eliminatesappendagedrag resultingin
as much as 10 to 15 percenthigherperformancethan conventionalarrangements.
This arrangementwas successfullydemonstratedboth on the SES 100B and in recent
model testson the DD963 for improveddestroyerefficiency. An additionalbenefit
associatedwith this propellerinstallationis the increasedcomponentlife result-
ing from the eliminationof salt water corrosionof the shaftingand bearings. The
propellersthemselvesare locatedso as to permitmaintenanceand removalwithout
drydockingthe.shipand are protectedfrom foreignobjectdamageby the sidehulls
and the rudderswhich are locatedforwardof the propellers.

.

—

.,

—

3.4 SHIP CONTROLPOSITIONS

The CIC, IC and Gyro rooms totaling540 squarefeet are locateddirectlybelow the
superstructurewhich extendsfrom station40 to 90.

—
Immediatelyabove in the super-

structureare the radar space,communicationscenter,MK 92 Fire ControlSystem
Spaceand the CO’s stateroomtotaling1180 squarefeet. This placesthe commandin
closeproximityto ship controland ship combatspaces. Table 3.4-icomparesthe

-,

CSES with severalcurrentNavy shipsand showsthat it has the spaceassociated
with combatants.many times its displacement.This couldbe of valuewith todays
weaponssystemsand complexelectronicsystemsbecominglargerand makingmost mono- -—

hulls volume limited. The centralcontrolstationand both machineryand damage
controlcentralare locatedaft of station90 on the seconddeck.

COMMANDAND CONTROLSPACESCOMPARISON

SPACE DESCRIPTION FFG7 PCG PHM CSES
SQ FT SQ FT SO FT SQ FT

PILOTHOUSE ~ CHARTROOM 366 244 149 199

COMBAT INFORMATIONCENTER 850 483 450

INTERIORCOMMUNICATIONG GYRO ROOM 200 75 388 90

MK 92 FIRE CONTROLSYSTEM/AIRNAVIGATION/
ELECTROMAGNETICCOUNTERMEASURES,ETC.

336 154 158

COMMUNICATIONCENTER 432 187 81 100

RADAR ROOM 1024 266 151 242

SONAREQUIPMENTROOM 180 252 NONE 600

RADIO ROOM 280 NONE

FUTUREGROWTH NONE NONE NONE 665

TOTAL COMMANDG CONTROL 3668 1661 769 2379

TABLE 3.4-i

—

—

—

—

—

—

—
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3.5 ARRANGEMENTFLEXIBILITY
—

The entirespaceon the seconddeck aft of station20 to the transomat station180
whichmeasures160 x 44 x 10 feet can be laid out variouslyto suit missionrequire-
ments. The layoutillustratedin Figure 3.5-1 is one typitalarrangement.but all
arrangementscan be made clean and functionaldue to the lack of volumerestraints
that are so typicalof most modern ships. For examplethe CSES has more than 2.5
times the internalvolumeof the PHM which has both a higher installedhorsepower
and lowertop speedand range. This large,efficientlyarrangedCSES has 60 LT of
payloadcomparedto 35 LT of the PHM to arrangeon this deck and in the 1300 square
feet of superstructure.The resultingCSES payloadtransportefficiency(Wp x V/P)
at fullpower cruisespeed is 1.4 comparedwith 0.7 for the PHM.

—

—

A furtherexampleof the spaciousnessof this ship can’bemade by noting that the
CSES has approximatelythe same internalvolumeas the SaudiArabian245 foot 800
LT FLD PCG. It is noteworthythat with half the PCG displacementthe CSES has a
betterrange at doublethe speedof the PCG. The CSES also has a largeair capable
landingdeck aft which can accommodatethe LAMPSMK III helicopter. This is the.
smallestknown combatantdesignwith these capabilities.

Referringto Figure3.5-1an importantfeatureof the 44 footwide 2nd deck is the
provisionof two fore and aft passagewayslocated9 feet off the centerlineto port
and starboard. These two passagewaysprovideredundantconvenientaccessto all
operationaland combatstations. Me 1320 foot area aft of station150 to the

-. transomis currentlyunassignedand is reservedfor futuregrowth. It couldaccom-
modateother combatsuitesor expandedhelicoptersupportfacilities.

—

—

Just aft of the forwardlift fans is the 76 mm ready
supportsthe Oto Melaragun on the main deck above.
noise barrierbetweenthe lift fans and the berthing
of the watertightbulkheadat station,30.

~erv+cemagazine;this directly
It also servesas an effective
areas that are immediatelyaft

The aft locationof the machineryleavesthe entire3rd deck forwardof station90
free for missionpayloador crew recreationspacesetc. The drawingFigure 3.5-1
indicatebut one of many possibleuses of this extra 1000 squarefeet of space.
The catamaranhulls providea significantamountof useablevolumeamountingto
27,000cubic feet.

—
3.6 ACCOMMODATIONSPACES

.—

—

—

The primarylivingand operationsdeck of the CSES is on the seconddeck. It con-
tains over 6000 squarefeet of fullyuseful 10 foothigh deck space in additionto
the 1200 squarefeet of auxiliarymachineryspacesdescribedabove for a total of
101,000cubic feet. The 44 footbeam of the ship is fullyrealizedover the entire
lengthof this deck exceptfor the.very first 10 feet at the bow that contains
basic stowageand chain lockers. The next 10 feet betweenstations10 and 20 is
dedicatedto the two dieselpoweredlift fans that dischargedirectlyinto the bow
seal and cushiontherebyeliminatinglong spacewastingair distributionducts.

Accommodationfor officersconsistsof four adjacentsinglestateroomswith 88
squarefeet per man, with convenientaccessto the CIC and upper decks. These
rooms providemore than twice the squarefootageper officerthan the PHM and PCG
and each couldbe convertedto two man stateroomsif required.

3-3
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Two CPO two-manstateroomsto port and two seniorenlistedmen 3 man staterooms to
starboardare locatedoutboardof the officersaccommodationbetweenstations30
and 60. Each set of stateroomssharea commonsanita~y~pace. The CPO spacespro-
vide 47 squarefeetper man. The remainingcrew is quarteredoutboardof each
passagewaybetweenstations60 and 90 in six man berth areaswith 17 squarefeet
per man.

Baggagespaces,crew and CPO loungesare arrangedbelow on the thirddeck to pro-
vide convenientaccessfrom the berthingareas. 400 squarefeet of baggagestowage
space is provided. These spacescomparefavorablywith the DD963,and FFG-7 stan-
dards as summarizedin Table 3.6-iand are considerablyless crampedthanmost
monohullgunboatsand corvettes.

HABITABILITYSPACESCOMPARISON

SPACE DESCRIPTION FFG7 PCG PHM CSES
SQ FT SQ FT SQ FT SQ FT

COMMANDINGOFFICERSSTATEROOMG BATH 210 132 75 131
EXECUTIVESTATEROOMG BATH 165 NONE NONE NONE
OFFICERSSTATEROOMS 775 332 151 334
CPO STATEROOMS 470 NONE 97 190
CREW BERTHING 3000 606 274 530

OFFICERSWASHROOM,WATERCLOSET,SHOWERROOM 100 42 80
CPO WASHROOM,WATERCLOSET,SHOWERROOM 72 NONE 80 40
CREW WASHROOM,WATERCLOSET,SHOWERROOM 500 110 270

WARDROOM
.—=.

340 - 210 NONE 180

CPO MEss 228 NONE NONE NONE
ENLISTEDMESS 1172 368 188 360

CPO LOUNGE 135 NONE NONE 350
ENLISTEDLOUNGE 610 NONE NONE 400

SCULLERY 110 24 NONE 14
GALLEY 540 150 90 145

DRY PROVISIONSTOREROOM 190 42 NONE 53

FREEZER 140 6S NONE 25

CHILL STOREROOM 155 59 NONE 21

LAUNDRYSPACE 1“15 50 NONE 60

SHIP SERVICEOFFICE 255 80 NONE 90

CREW BAGGAGESTOREROOM 130 NONE 97 400

TOTALHABITABILITYSPACES 9412 2270 1052 3673

HABITABILITYSPACE/W 50.9 40.5 50.1 111.3

TABLE 3.6-i
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3.7 DOMESTICSERVICE

The remainingspaceto bulkhead120 is occupiedwith the wardroom,shipsofficeand
galleyprovisions. The galleyis locateddirectlyaft of this bulkheadbetweenthe
wardroomand the crew mess room. Table 3.7-isummarizesthesespaceson a per man
basis for severalshipsand shows the high habitabilitystandardsof the CSES.

HABITABILITYDENSITYCOMPARISONPER CREWMANIN SQUAREFEET/MAN

COMPLEMENTS*

SPACEDESCRIPTION FFG7 PCG Pm CSES
185 56 21 33

COMMANDINGOFFICERSSTATEROOMG BATH 210 132 75 131

EXECUTIVESTATEROOMG BATH 165 NONE NONE NONE

OFFICERSSTATEROOMS 52 55 38 84

CPO STATEROOMS 32 NONE 24 48

CREW BERTHING 20 12 23 22

OFFICERSWASHROOM,WATERCLOSET,SHOWERROOM 7.7 NONE 20

CPO WASHROOM,WATERCLOSET,SHOWERROOM 5 NONE NONE 10

CREW WASHROOM,WATERCLOSET,SHOWERROOM 3 2 4 11

WARDROOM 8 30 NONE 36

CPO MEss 15 NONE NONE NONE

ENLISTEDMESS 20 8 12 13

CPO LOUNGE 9 NONE NONE 88

ENLISTEDLOUNGE 4 NONE NONE 17

SCULLERY 0.6 0.4 NONE 0,4

GALLEY 3 3 4 4

DRY PROVISIONSTOREROOM 1 1 NONE 2

FREEZER 1 1 NONE 1

CHILL STOREROOM 1 1 NONE 1

LAUNDRYSPACE 1 1 NONE 2

SHIP SERVICEOFFICE 1 1 NONE 3

CREW BAGGAGESTOREROOM 1 NONE 5 12

*ComplementBreakdown:

FFG7: 17 Officers - 15 CPO’S - 153 Enlisted

PCG : 7 Officers - 0 CPO’S - 49 Enlisted

PHM : 5 Officers - 4 CPO’S - 12 Enlisted

CSES: 5 Officers. - 4 CPO’S - 24 Enlisted

TABLE 3.7-i
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4 SHIP PERFORMANCE
—

——

..-

->

—

—

.—

.

--

4.1 GENERAL

The performancerelationshipsgiven in this sectionare for a ship designedto 400
LT FLD carryinga totalof 96 LT burnablefuel. The displacementis that applic-
able to normalcoastaloperationscompatiblewith its five-daymissionrequirement.
Shouldthe need arise,say for an occasionalextendedvoyage,the range of the ship
can be significantlyextendedwithoutan undue speedpenaltyby providingaddition-
al fuel -- this abilityto embarkfuel such that the ship is above its normal FLD
is a featureof many surfaceeffectships. The performanceof the ship is presen-
ted in one performancetableand 13 graphs.

The graphicaldata includeboth cushionborneand hullborneoperationsat various
propulsivepower levels. Power variation,while cushionborne,is achievedby oper-
ating the gas turbineseithersinglyor in combinationat the power settingof 6500
shp maximumcontinuous(MCP)per unit, or 7170 shp maximumintermittent(MIP)per
unit. Hullborneoperationis achievedwith these same gas turbinesor by using one
or two dieselenginesthat are also used for stern lift fans duringcushionborne
operations. Each dieseli’sratedat 870 shp normalor 1065 shp maximum.

In general,the CSES at FLD has a dash capabilityof 57 knots and 43 knots in SS-0
and SS-3 respectively,and a maximumcontinuousspeedof 53 knots and 41 knots in
the same respectivesea states. Ix the hullbornemode, the ship at normal diesel
rating,has an averagespeedof 16 knots in SS-0 and 15 knots in SS-3. Usingmaxi-
mum dieselpow+r the speedsare 17 and 16 knots in the same sea states. Higher
hullbornespeedsare attainablewith the gas turbines. Summarizedperformance
characteristicsare presentedIn Tables4.1-iand 4.1-ii.

CSES PERFORMANCE - CUSHIONBORNE(2 GAS TURBINEOPERATION)

INITIAL AVAILABLE
DISPLACEMENT FUEL

(LT) (LT)

400 96

400 96

400 96

350 46

350 46

—
SEA STATE O SEA STATE 3

SPEED RANGE SPEED RANGE
KNOTS NM KNOTS NM

53 1650

40 1650 40 1300

25 2150 25 1850

50 780 45 640

25 1040 25 900

TABLE 4.1-i

4-1
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CSES PERFORMANCE - HULLBORNE(2 DIESELOPERATION)

SEA STATE O SEA STATE 3

INITIAL AVAILABLE
DISPLACEMENT FUEL

SPEED RANGE SPEED RANGE

(LT) (LT)
KNOTS ‘NM KNOTS NM

400 96 16 3900

400 96 15 4200 15 3800

400 96 12 5100 12 4600

350 46 16 1950

350 46 12 2600 12 2400
.!

TABLE 4.1-ii

Estimatesof full-scaledrag, shown in Figures4.1-1 and 4.1-2,have been derived
from test data of an L/B = 5 model. Althoughthe model is not identicalwith the
proposeddesign,the data obtainedhas been modifiedby acceptedanalyticalmethods
that have been previouslyverifiedby other extensivemodel testsand full scale
correlation.

The optimumliftpower associatedwith the drag curvesis shown in Figure4.1-3 as
functionsof speed. It can be seen that there is surplusliftpower availablefor
ride controlthroughoutthe CSES operatingenvelopeas requiredin highersea states.

4.2 THRUST,DRAG AND SPEED

4.2.1 Cushionborne

Figure4.1-1 showsdrag curvesin SS-0 for FLD and for two other displacements.It
shouldbe noted that the distinctivehigh primaryhump drag typicalof low L/B
shipsno longerexistsfor this higherL/B ship. There is a secondaryhump in the
15 knot regionbut this is mild so that no difficultyexistsin acceleratingover
the full range of speedup to maximum. The eliminationof the high primaryhump
drag providestwo importantadvantagesover otherhigh speedships includinglow
L/B SES and hydrofoils:

a. the propulsionsystemwhetherwaterjetor propellerdoes not have to pro-
vide high, low speed thrustfor acceleratingthroughhump.

b. in high sea statesboth low L/B SES and hydrofoilsexperiencesome diffi-
culty in becomingrespectivelycushionborneover hump or foilbornedue to
additionalhump drag from the largewaves. The CSES operatingalways
below hump speeddoes not have this difficultyand the additionaldrag in
hi$h sea stateseffectsits speedonly inclemently.

—
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Thrustcurvesare presentedfor the totalgas turbinepowersof 13,000hp (MCP)and
14340hp (MIP). The curvesshow the characteristicperformancetraitof SES,namely
the speedvariationwith displacement.For 13,000shp (MCP)at FLD the maximum
speed is 53 knots. After burninghalf this fuel the speedwill have increasedto 60
knots,while afterburningoff the remainingfuel the speedwill have furtherin-
creasedto 63 knots. The correspondingdash speedvariationat 14,340shp (MIP)is
from 57 to 66 knots.

The performancein SS-3,4.0 feet significantwave height,is shown in Figure4.1-2.
At MCP the maximumspeed is 41 knots at FLD with a variationfrom 41 to 48 knots at
displacementsof 400 LT and 300 LT, respectively. The correspondingdash speedsare
43 knots at FLD with a variationto 52 knots as fuel burns off.

—

The effectsof higher sea statehave not yet been examinedin detail. However,
testingof othermanned and model SES has showna consistentspeedchangewith sea
statesin proportionto the significantwave height. Confirmingmodel tests to pre-
ciselydeterminedrag at sea statesother than zero ad threewill be an integral
part of the next stageof design.

4.2.2 Hullborne

Figures4.1-1 and 4.1-2 show the off cushiondrags for calm water and SS-3,respec-
tively. Curvesare shown for FLD and lighterconditions. As mightbe expectedfor
the hullbornemode, which is similarto that of conventionalships,the variation
in drag due to both displacementand SS-3 is less severethan for the cushionborne
mode. As shown in Table 4.1-ii,the speedsat FLD using two diesels,totalpower
of 1740,is 16 and 15 knots in SS-0 and SS-3,respectively.With one dieselat 870
shp a speedof approximately12knots in both sea statesis achievable.

4.2.3 TransportEfficiency

When transportefficiency(Displacementx Velocity/TotalPower)is computedfor the
CSES as a functionof ship speedithe improvementto be gainedin SES effectiveness
by designingfor high L/B (sub-humpoperation)and propellersis demonstrated.
Transportefficienciesof over 12 at 25 knots to about 9 at 50 knots are attained
for full load displacement(400LT). It can thus be seen when comparedwith pub-
lisheddata (e.g.,ANVCE Volume II) that the high speed transportefficienciesof
high length-to-beamSES will be largecomparedto that of other typesof advanced
shipsof comparablesize.

4.3 RANGEAND SPEED

4.3.1 Cushionborne

Range,speedand endurancerelationshipsare presentedfor propulsivepowersup to
13,000shp. Figures4.3-1 and 4.3-2 show curvesof range versusspeed in SS-0 and
SS-3, respectively,from 20 knots to maximumspeed. Data has not been solidly
plottedbetween20 and 25 knotsbecauseof the optionof operatingin eitherthe
hullborneor cushionbornemodes;however,it may be safelyassumedthat at least
down to 20 knots the cushionbornerangewill increase. It can also be seen that for
those differentsea statesshown,the maximumrangeoccursat 20 knots. Variations
in rangewith speed are noticeablebut not dramatic. Thus, in SS-0 rangedecreases

.
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as speed increasesfrom 20 to 40 knots but then is essentiallyunchangedas the—
speed increasesto maximum. For FLD in SS-0 the changeis from 2400 nm at 20 knots
to 1650nm at 53 knots. The effectof increasingsea state to SS-3 reducesrange
by a relativelysmallamount;for exampleat FLD and 20 knots the range decreases

—. by only 300 nm. These cushionbornerangesat high speed togetherwith the consider-
able range at low speedsin the hullbornemode (seeparagraph4.3.2 below) are
compatiblewith the requirementsof typicalcoastalscenariosof five-daymission

— duration.

Figures4.3-3 and 4.3-4 show cu-rvesgivingthe relationshipbetweenfuel remaining
— and distancetravelledfor the cushionbornemode for SS-0 and SS-3. For clarity,

the curvesare givenonly for speedsof 25 knots and speedsat MCP. Curves for
other cushionbornespeedsfall betweenthose shown. Figure4.3-5 shows curvesof
endurancefor the range of cushionbornespeedsfrom 2.5knots upwardsfor the same—-
displacementsand sea statesas in the previouscurves.

4.3.2 Hullborne
..

Figures4.3-1 and 4.3-2 show also hullbornerangeversus speed in SS-0 and SS-3
respectively. Comparisonof the two figuresshow relativelysmall effectsdue to

- sea state. Thus at FLD (400LT) the range in SS-0 at continuousdieselpower (1740
hp) is 3900nm at a maximumspeedof 16 knots. In SS-,3the maximumspeed is 15
knots with a correspondingrange of 3800 nm i.e.,a decreaseof 2.5 percentdue to
changein sea state. At 12 knots a range of 5100 nm can be achievedreducingto—
4600 nm in SS-3 i.e.,a reductionof 12 percent.

‘““Figures4.3-6 and 4.3-7 give the relationshipbetweenfuel remainingand distance
-— travelledin the hullbornemode for SS-0 and SS-3. Two speedsare given for each

case, 12 knots and the maximumspeedavailablewith two dieselsat 1740 shp. ‘It
will be noted that althoughthe drag at 12 knots is approximatelyhalf that at 16

— knots,the range is not doubled. This is becauseat the lowerspeed,the fuel for
hotel loadbecomesmore significant.

Figure4.3-8 gives enduranceversusspeed for the same sea statesand FLD as above..
The minimumenduranceshown (FLD= 400 LT and SS-3) is 240 hours (10 days) at 15
knots which easilyexceedsthe five day endurancestipulatedin the requirements.

.

—

-—

4.4 MANEUVERABILITY

Preliminarycalculationsshow
cushionbornecomparableto or
The propellerslocatedin the

that the CSES will have turningcharacteristics
better than thoseof equivalentconventionalships.
two sidewallsare very widely spacedcomuaredwith

those in a conventionalhull of similarsize and a signifi~an~amountof turning
A

moment can be providedby their differentialthrustin additionto that givenby
rudders. Using ruddersonly, it is estimatedthat with an area per side of 8-10
squarefeet,the turningdiameterwill be of the order of 3000 feet at 25 knots.
Propellerdifferentialthrustwill reducethis turningcirclefurther. Precise
rudder size has not yet been selectedbut will be determinedduringthe next stage
of the design.

—

—.
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For the hullbornemode and for docking,the differentialand reversingcapability
of the propellersensurethat undernormalcircumstancethe ship has excellent
low speedmaneuverability.

--

—

4.S STABILITY

—
The intactand damagestabilityinvestigationof the CSES is based on the require-
ments of NAVSEADDS 079-1. Computationsused for anotherhigh L/B designwere
adaptedto the CSES. A numberof differentloadingconditionswhich coverthe full
range of payload/fuel-combinationswere considered.

4.5.1 IntactStability

Calculationsshow that the intactstabilityfar exceedsNavy requirements.The
physicalexplanationfor this is that the “catamaran“ arrangementof the CSES pro-
duces considerableroll stiffness. Thus, for a 100 knot beam wind, roll angle is
in the range of 1 - 2 degrees. For the worst loadingcase considered,the rangeof
positivestabilityexceeds60 degrees. It is consideredthat the range of stabi-
lity combinedwith the high roll stiffnessis sufficientto ensurea safe ship in
any envisionedoperationalsea state.

4.5.2 Stabilityin DamagedCondition

Damagestabilitywas examinedfor the two conditionsof longitudinaldamagespeci-
fied in DDS 079-1Part III,namely,a shellopeningequal in lengthto 15 percent
of the designwater line lengthwith 50 percentpenetration,and a shellopening
equal to 50 percentof the designwater line lengthwith transverseextentto”the
first inboardlongitudinalbulkhead(no less than 10 percentof the beam). The two
conditionswere consideredin conjunctionwith variouspayload/fuelcombinations.
For all cases considered,the ship satisfiedthe NAVSEA criteria. The marginline
in the forwardand after sectionsof the CSES will be sufficientto resultin a
satisfactorydamagestabilityfor all’specifiedcases.

—

—

d.

—,

—,

—

4.6 MOTIONSAND RIDE QUALITY

The ride qualityand motionpredictionsover the operationalenvelopeof the CSES
are consideredto be fullysatisfactory.It is predictedthat,at speed,the CSES
ride qualitywill be betterthan or comparableto that experiencedby conventional
Navy shipsof similarsize. In fact,the CSES ride will be significantlybetter
when operatingat the same speed as conventionalships.

The CSES motionspredictionsare based on databackedby extensiveexperimentaland
analyticactivitiesdirectedby the SES ProgramOfficeover the past twelveyears.
These activitiesincludefull scalemannedtestsof the SES lOOA,SES 100B and XR-1
testcraftboth with and withoutride control,sub-scalemodel tow tank tests to
supportride qualityand motionspredictionsfor the abovemannedtestcraftas well
as for the larger2KSESand 3KSES. In parallelwith the above,numerousanalytical
toolshave been developedand validatedincludinga sophisticatedSix-Degree-of-
Freedommotionsdigitalcomputersimulation. Additionalsupportiveinformation
concerningSES ride qualityin a seawayhas been providedby the commercialBell-
HalterBH-11OSES whichhas been operatedextensivelyin the Gulf of Mexicoand the
Atlanticfor the past two years. This 110 foot,107 ton SES has operatedin 8 to
10 foot waves at speedsnear 30 knotswithoutadverseeffectson crew or equipment.

—

—
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The cushionbornemotionsof the CSES in sea stateshave been determinedprincipally
by analyzingthe data from tests on a manned testcraft(XR-lD)that is specifically
equippedand instrumentedfor studyingmotionsand ride control. These tests deter-
mined experimentally,the estimatedheave and pitch motionsof the CSES both without
and with ride controlat variousspeedsand sea states. Figure4.6-1 illustrates
the sea statesin which the CSES is intendedto operateand for which XR-lD at sea
trialsdata are applicable. It shows that quarterscale XR-lD operationshave been
conductedin equivalentCSES sea state 7 with significantwave heightsof 28 feet.

—
Figure4.6-2 showsthree sets of curves. One is a set of four givingthe criteria
developedby SESPO and shows the limitingverticalaccelerationsin the principal
frequenciesof interestrelativeto motion sicknessand extendedduration. The.—
secondset consistsof one curve developedby ANVCE for the 4 hour limit. The third
set consistsof the data derivedfrom the aforementionedtestsand correspondto 60
knots speed in SS-3. It is seen that withoutride controlthe accelerationsin the
0.5 - 1.5 Hz regionslightlyexceedthe SESPO 4 hour limitbut fallswell within
the ANVCE limit, With ride controlthe accelerationsare consistentwith long term
habitability. Figures4.6-3,4.6-4 and 4.6-5 indicatethe degreeof modulationof
verticalaccelerationsin the CSES providedby the ride controlsystem,in terms of
power spectraldensity,while operatingat 50 to 60 knots in Sea States 3, 4 and 5
head seas respectively.The intensityof theseworst case verticalmotionscan be
substantiallyreducedby loweringship speed or by turningslightlyaway from head-
seas.

Basedon this analysisof the XR-lD data, and earliersuccessfuloperationsof the
mannedXR-5 at 25 knots in sea stateswith significantwave heightsgreaterthan
the wet deck heightof the craft, withouta ride controlsystem,it is concluded

—
that the CSES will have
will not be requiredin

attractiveride qualitiesin all seas and that ride control
Sea State 4 or below.

—-
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5 SUBSYSTEMDESCRIPTION

5.1 HULL STRUCTURE

5.1.1 StructuralArrangement

—

—

The cross-sectionsrepresentingtypicalCSES frameand transversebulkheadstruc-
tures are shown in Figures5.1-1a and b.

The hull is an all-welded,marine gradealuminumalloy structureconsistingof a
box-likecenterbodywith integralcatamaran-likerigid sidehulls. The sidehullsare
fairedfor properhydrodynamicperformance. At fore and aft locationsthe sidehulls
and centerbodyform rectangularopeningswhich are compatiblewith the bow and stern
sealsarrangements.The sidehullsserve as end closuresfor the transversecushion
sealsand relievethe criticalseam stresses. The sidehullsare designedto provide
sufficientvolume to accommodateCSES fuel,much of the machineryand enoughbuoy-
ancy to place the bottom of the seconddeck approximately6 feet above the water
when the craft is hullborne. This 6 foot clearanceand the 30 degreebow ramp angle
tend to reducecriticalhullborneslammingloadsand result in a more efficient
overallhull configuration,and lowerstructuralweight. ,—

The basic buildingblock of the hull structureis”the longitudinallystiffened
panel supportedby integraltransverseframes,Figure5.1-2. This basic arrange-

. ment is maintainedthroughoutthe majorityof the ship structure. In the bow area
Figure5.2-la,however,the transverseframesare eliminatedand longitudinal
stiffnersincreasedin size in order to withstandhjgh slammingpressures. This

— resultsin approximatelya 20 percent (about1.4 LT) increasein the weight of the
bow section. The disadvantageof weight increaseis offsetby lowerfabrication
costsdue to improvedaccessibilityand weldabilityof the bow structure.

The sec’onddeck structurein fore and aft areas is stiffenedusing an arrangement
similarto the one shown in Figure5.1-2 exceptthat stiffenersand framesare
locatedon the “wet” side of the deck and the stanchionsare locatedinternally.

— The longitudinalgirdersdistributeslammingpressuresto the adjacentframesand
transversebulkheadsand providea more efficientstructuralarrangement. This
arrangementalso makes the deck structureeasierto fabricate,inspectand repair,

. and tends to lowerlocalslammingpressures. Lightweightremovablepanels are
installedat the seal/deckinterfaceareas to providea smoothsurfaceand prevent
sealmaterialdamagedue to contactwith the framesand stiffeners. This second
deck stiffenerar~angementhas no effecton CSES.performancein the cushionborne—
mode, but duringhullborneoperationin high sea statesresultsin a small increase
in drag,when the deck bottom is occasionallywettedby high waves.

— 5.1.2 OperationalEnvelopes

The CSES is designedto operatein coastalwatersand narrow seas of the Atlantic
— and Pacific. The operati&al life of the craft is twenty

estimatedthat 35 percentwill be spentat sea within the
vialed?n Table S.I-i. Of these,approximately2/3 of the
cushionborneand 1/3 hullborne.

years,of which it is
performanceenvelopepro-
operationswill be

—.
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— CSES PERFORMANCEENVELOPE

. OPERATIONALMODE SEA STATE ‘K (Kt) HEADING

I Cushionborne o 57 Knots Any
—

II Cushionborne 6 TBD* Any

III Hullborne 3 20 Knots Any
—

IV’* Hullborne 6-7 2-3 Knots Any

*Forwardvelocityshouldbe adjustedto obtainsame loadsas
—. hullborneconditionsIV

**Partialcushionoperationmay be used to reduce‘loads

TABLE 5.1-i

5.1.3 StructuralDesignCriteria

—

-—

.

—

—.

.—

—.—

.-—

—

The Ioadscriteriafor this craftare based on testsconductedwith a length-to-
beam (L/B= 5) model in the David TaylorNaval Ship Researchand DevelopmentCenter
(DTNSRDC)towingtank. All test were with the model in the hullbornemode. Pre-
vious experimentswith the 3KSESstructuralmodels,have shown that hullbornehull
girderloadsare more severethan cushionborneloadsand thereforegovern the
design.

Figures5.1-3a and b show test data and Weibullstatisticaldistributioncurve fit,
which were used to extrapolatethe loadsto the desiredprobabilityof 0.999. This
value may be interpretedas a one-in-a-thousandchancethat the hull girderdesign
loadswill be exceededin the courseof the 20 year life of the ship. From the
characteristicsof the CSES hull it is consideredthat the maximumloadswill occur
somewherein sea state 6 - mid 7 wave heightrange. Wave heightshigher than twenty
feetwill not producean appreciableincreasein hull girderloadsbecauseof reduc-
tion of slammingintensitiesand lowerwave inducedloads. This is due to “contour-
ing” effectwhich occurswhen the wave lengthscorrespondingto this wave height
become longe~than the lengthof the craftwhich thenmainly followsthe wave slopes
and frequencyso that intensityof slammingis diminished. Since the test environ-
ment was limitedto approximately11 feethigh significantwave (CSESscale),the
loads shownon Figure 5.1-3were increasedby 50 percentto accountfor higher (Mid
Sea State 7) waves. Figure 5.1-4summarizesthe CSES hull designcriteria.

The slammingpressureenvelopesshownon Figure5.1-4are based on manned SES test
data specificallyXR-lChullbornetests. Thesepressuresare generallyin conson-
ance with the designpressuresused in 100 Ton SES designand recentlyin Bell-
Haltercraft structuralmodifications.Safetyfactorsspecifiedin Figure 5.1-4
are based on risk analysesperformedunder the 3KSESprogramand accountfor
uncertaintiesTelatedto the variablesassociatedwith loads,materials,analysis
and fabrication. Conservatismis providedby using the minimumrather than the
averagematerialpropertieswhich are 10 - 15 percenthigher.
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NOTE 1: MEASUREDAND EXTRAPOLATED HULL GIRDER LOADSAT
FORWARD 1/4 POINT OF L/B = 5 MODEL,.

OBSERVED DATA

WEIBULL DISTRIBUTION -------

.999

.99— SPEED = 1.35 FPS (MODEL) 3 KTS (CSES)
SIG. WAVE HT. = 9“ (MODEL) 11 FT (CSES)

.9 — MODEL SCALE = 1/15 CSES /

.a—

g .6—
z
z
.g $4–
0 ,0.
5 .2 — /“

/0.

,1—

.05—
MAX MEASURED VALUE

.03 (
I I I I I I I I

7 \

10. 30.
I

60, 100. 200. 300.
MAX BENDING MOMENT (FT-LBS)

FIGURE 5.1-3, a I
PROBABILITY VERSUS MAXIMUM SHEAR

1.35 FPS (MODEL) 3KTS (CSES)
I/E HT. = 9“ (MODEL) 11 FT (CSES)

EXTRAPOLATE
●

.1+ r

.05—
MAx MEASURED VALUE

.03 )
1 I I I

(
30. 90. 108. 1

MAX SHEAR (LBS)

FIGURE 5.1-3b
PROBABILITY VERSUS MAXIMUM SHEAR

FIGUFiE 5.?-3
WEtBULL STATISTICAL OtSTRtBIJTION CURVES ~
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16,682
NOTES: 12,543

1 HULLBORNE & CUSHION BORNE ,
HULL GIRDER LOADS ASSUMED EOUAL

L 3L
I

L L n

2

3

4

5

6

SLAM PRESSURES ARE UT COMBINED T ?“- T
WITH HULL GIRDER LOADS

@sAG BENDING MOMENT (FT-LTI
LDCAL LOADS (OTHER THAN
SLAMMING) ~ COMBINED WITH
HULL GIRDER LOADS

LOCAL LOADS INCLUDE DECK
LIVE LOADS: 75 PSF (TOP OF DK HSE)

3L

150 PSF (LIVING, OFFICE SPACES) T
200 PSF (MACHINERY SPACES)

L
HOGGING BENDING MOMENT IS
ONE-THIRD (1/3) OF SAG MOMENT

USE 70% OF SLAM PRESSURE FOR FRAME DESIGN

SAFETY FACTORS
w

HULLBORNE + LOCAL LOADS 1.2 I 1.5
CUSHIONBORNE + LDCAL LOADS 1.2

I
1.5

*SLAMMING PRESSURES 1.0 I 1.2

*PERMANENT SET TO
A MAXIMUM OF PLATE
THICKNESS IS ALLOWED

@ SHEAR (LT)

r 8 FT
i--4 FT

Wttmtt!tttttttt?tttttw

MAIN DK~ I

WET DK7
WATER HEAD

L T

4

f4+++t+++:++t+t+tt4ttttttt444444
10 PSIJ tlltltltu

@

500 PSF

iilci

SLAMMING

35 Psl

PRESSURE

1330 PSF 830 PSF 130 x 3 = 390 PSF

SIDE PRESSURES MAX CUSHION PRESS

—.

—

FIGURE 5,1-4
CSESHULL DESIGN CRITERIA
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5.1.4 Hull Materials

Candidatematerialsfor the hull structureare summarizedin Table S.I-ii.

CANDIDATEMATERIALS - HULL STRUCTURE

STEEL ALUMINUM

HY 100 HY 130 5086 5083 *5456

*HullWeight 1.57 1.51 1.17 1.08 1.00

*HullCost 0.50 0.70 .95 .98 1.00

*Weightand Cost relativeto 5456 aluminum

TABLE S.I-ii

Minimumweldedmechanicalpropertiesfor the candidatematerialsare presentedin
Table 5.1-iii.

CANDIDATEMATERIALS - WELDEDMECHANICALPROPERTIES

I MATERIAL TENSION COMPRESSION SHEAR

ALUMINUMALLOYS:
ULTIMATE YIELD YIELD ULTIMATE YIELD
[ksi) (ksi) [ksi) (ksi) (ksi)

Plate 5086-H116 35 19 18 21 11

Extrusion5086-Hill 35 18 17 21 10

Plate 5083-H116 40 24 23 24 14

Extrusion5083-HI1l 39 21 20 23 12

Plate 5456-H116 42 26 24 25 15

Extrusion5456-Hill 41 24 22 24 14

TABLE 5.1-iii

Anotherpotentialcandidatematerial,not shownin the tableabove,is C-19 alumi-’
num alloywith a weldedyield strengthapproximately35 percenthigher than the
baselineCSES hull materiali.e.,5456 aluminum. C-19 alloy is still in the devel-
opment stageand althoughattractive,is not consideredin the presentstudy. This
alloy offersalmost 15 LT reductionin CSES hull weightand when availablewill be
consideredfor follow-onCSES and other SES constructions.
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Of the candidatematerials,5083 and 5456marine gradeweldablealloysare rated
best suitedfor CSES hull structuredue to low weight,reasonablecost and good.
mechanicaland corrosionresistanceproperties. 5456 aluminumhas been selectedas
the preferredmaterial. 5086 aluminumhas 19 percent lower strength-to-weightratio
as comparedto the other two alloysand would resultin’”slightlyheavierstructure.

.-

All aluminumstructuresare easilydamagedby fire, theymust thereforebe insulated
to keep temperaturesbelow 400 degreesF. Typicalpassivefire insulationis shown
in FigureS.1-5. This insulationtechniquewill be used in selectedareas of high
potentialfire loadinge.g.,machineryspaces.

-...

—

.. .

—.

.

—

The deckhousestructurewill be eitherall aluminumor constructedfrom glass rein-
forcedplastic (GRP)sandwichpanelsbolted to eitheraluminumor GRP framesas
shown in Figure 5.1-6. GRP panelswere successfullyutilizedin the constructionof
the deckhousesof the USS Southland(DD-743),USS Fletcher(DDR-870)and SES lOOA.
AlthoughGRP panels are more expensivethan aluminumpanels,the overallinstalla-
tion and life cycle costsof the GRP paneleddeckhousewould be lower. Also GRP
structureshave better fire,thermaland acousticalinsulationpropertiesand
greaterfatigueresistancethan a comparableweldedaluminumconstruction. It is
estimatedthat the weightof the deckhouseconstructedfrom GRP panels and aluminum
frameswould be about 7 - 10 percentlighterthan the comparableall aluminumstruc-
ture. Greaterweight savingscouldbe achievedwith fiberglassframes (about25
percent)but the cost would be much higher than with an aluminumframeassembly.
At present,GRP panels supportedby aluminumframesare considereda reasonable
compromisefor CSES deckhousestructure.

5.1.5 FabricationConsiderations

5.1.5.1 GeneralProvisions

The fabricationcosts and hull weight are greatlyinfluencedby the choiceof mini-
mum materialgages. These gages controlthe designof relativelylightlyloaded
panelswhich comprisea significantportionof the CSES structure. The savingsin
weightand materialcostsprovidedby thinnermaterialmust be tradedagainstthe
increaseddifficultiesin welding,distortioncontroland greaterskilland care
requiredto avoid “burn-throughs”.

Minimumgages sho~ in Figure 5.1-7representthe thinnestor smallest
in the CSES structure. Sqlectionof thesegages is based on trade-off
performedunder the 3KSESprogram.

The influenceof stiffenerand framespacingon the cost and weightof

sizesused
studies

stiffened
aluminumpanelswas studiedextensivelyby means of a specialco~uterized optimiza-
tion program. It was determinedthat 12 inch stiffenerand 36 inch frame spacings
representa good compromisebetweenfabricationcost and structuralweight.

Trade-offstudieshave indicatedthat the flat bar stiffeneris the most economical “
for many hull areas at a slightlyheavierweight. The flatbar stiffenersare cut
from the platingand thereforehave higheryield strengthand are ‘lessexpensiveand
more readilyavailablethan comparable‘“F’shape extrusions. The flatbars,however,
are inherentlyless stablethan “T” shapeswhich are more efficientin high pressure
areas. The CSES hull utilizesboth “T” and flat bars which providesthe best ar-
rangementfrom the standpointof weight,ease of fabricationand structuralstrength.
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FIGURE 5.1-6B
GRPSANDWICH PANEL SUPPORTED BY GRP FRAME

FIGURE 5.1-6
DECKHOUSE GRPSTRUCTUAL OETAILS
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The primaryfabricationmethod for aluminumhull constructionis manual gas-metal-
arc ((WA)welding.,which is relativelyfast and requireslow capitalcost of equip-
ment and reasonablewelder skill.

The difficultiesencounteredin thin aluminumGMA we”lding,are: a) producingconsis-
tentlygood welds,b) controllingdistortion,c) preventingdegradationin fatigue
performancedue to repeatedweld repairs. These difficultiesare mainly due to lack
of proper controlwith manualweldingand can be practicallyeliminatedthroughuse
of automatedweldingequipment.

5.1.5.2 AlternativeWeldingMethods

Manualweldingcan be greatlyreducedby the use of robotwelderssuch as developed “
by UnimationIndustryin Sweden. The SwedishKocum shipyardestimateda 50 percent
cost savingfor specificsteelweld jointsusing this method. It is estimatedthat
the savingfor aluminumwill be similar. Due to high cost of this equipmentit can
be consideredonly for five or more CSES?S. For a singleprototypeCSES, a majority
of the weldingwill be semi-automaticand manual.

The most successfulfullyautomaticweldingmachineis currentlyused by Boeing
Marine Systems,Seattle,Washingtonto produce12 x 40 foot stiffenedpanels for
PatrolHydrofoilMissileship(PHM). An alternativeto the Boeingtype equipmentis
a mechanisedhand-heldGMA weldinggun which automaticallycontrolsthe gun attitude
and rate of travel. This techniquewas successfullyused duringSES-1OOAhull modi-
ficationsand duringconstructionof the fabricationmoduleand panels for 3KSES
program. l%o typesof this equipment,Pacer for butt welds and Wigglerfor fillet
welds were successfullyused in the SES program. ~ .,..-.

Other techniquessuitablefor aluminumweldinginclude:gas tungstenarc (GTA),
plasma arc (PA)and electronbeam (EB)welding. GTA weldingis slow and useful
mainly in weld repairoperations. PA weldingis being used for Rolandmissile
construction. It is fast and significantlyreducesdistortionand improvesweld
quality. The main drawbackis the lack of shipyardexperiencein PA welding. EB
weldingprovidesexcellentqualitywelds but requirevacuumchamberswhich limit
the size of the workpiece. ExistingelectronEB chamberscan accommodateup to 4
feet x 8 feet size panels. The need for maintaininga vacuumaroundthe area welded
and the high capitalcost are the disadvantagesassociatedwith this technique.

A specialweld-forgingmethoddevelopedby AlforgeCompanyappearsattractive. It
is capableof producinglow distortionhigh qualitywelds at less than 50 percent
of the cost of conventionallyweldedpanels. The Alforgewelded aluminumpanels
have been successfullyused in the constructionof dump truckbodies. The possible
drawbackof thismethod is availabilityof aluminumextrusions. The panelswelded
by the existingAlforgeequipmentcannotexceedthe maximum8 foot width which
limitstheiruse to transversebulkheadsof the CSES.

5.1.5.3 CSES Hull Construction

The CSES hull designis inherentlysuitablefor automatedwelding. Most of the
structureconsistsof flat two dimensionalelementsand repeatablestructuralsub-
assemblies. These characteristicssuggesta modularconstructionapproachwhere
the hull is assembledfrom smallerstructuralsubassemblies[modules),fabricated

5-13
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in sheltered,controlledenvironmentfrom automaticallywelded stiffenedpanels.
This approachwill be used in CSES hull construction. By locatingthe wet deck
stiffenersand frameson the external“wet” side of the 2nd deck, the welder”s
accessto stiffenerand frameconnectionsis improvedand fabrication,inspection
and maintenancecosts are significantlyreduced. It is estimatedthat more than 75
percentof CSES hull welds may be depositedby fullyautomaticor semi-automatic
equipment.

Manualweldingis stillnecessaryin joiningtransverseframesto longitudinal
stiffenersand for joininghull structuresubassemblies.The use of flatbar
stiffeners,which do not requirecollarplatesconsiderablyreducesthe extentof
manualweldingand simplifiesweldingoperations. Also, the majorityof CSES hull
structuraldetailsare designedto providegood accessto the weld areas,further
minimizingmanual weldingproblems. To improvethe fatiguestrengthof the CSES
structure,weld contourgrindingand brushp[!eningwill be used. This procedure
will be appliedto criticalhigh stresswelds and to selectedweld repairareas.
The brush peeningtechniquewas developedunder the 3KSESprogramand demonstrated
on SES lOOAwhere old waterjetfoundationweldswere successfullyrepairedand brush
peened.

5.1.6 StructuralWeightBreakdown

DetailedSWBS Group 100 breakdownand percentagesof total structureare presented
in Table 5.1-iv.

WEIGHTOF STRUCTURESWBS GROUP 100
INCLUDINGMILL TOLERANCESAND WELD MATERIAL

WEIGHT DESCRIPTION WEIGHT % TOTAL
GROUP LT STRUCTURE

110 Shell & SupportStructure

120 Hull StructureTransverseBulkheads

130 Hull Decks

140 Hull MachineryFlats G Platform

150 Deck House Structure

160 SpecialStructures

170 Masts, King Post G ServicePlatform

180 Foundations

I 100 Hull Structure,Total

50.1

10.1

21.5

2.8

8.2

2.2

1.5

2.0

50.9

10.3

21.9

2.9

8.3

2.2

1.5

2.0

98.4 100

. .

-,

-’

—,

—

.

—

TABLE 5.1-iv
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5.1.7 StructuralRisk Assessment

— Structuralrisks associatedwith any ship structureincludingthe CSES can be gener-
ally relatedto the hull strength. Hull strengthis dependenton an accurate
assessmentof materials,fabricationand loadsvariables.

-..
The informationon materialshas been derivedfrom a largenumberof small specimen
tests and in the case of 54S6 aluminum,it has been supplementedby extensivedata
derivedfrom testingstiffenedpanelsand structuraljointsas part of the 3KSES—.
program. There are now sufficientdata to adequatelyaccountfor materialvari-
ables so that the risk associatedwith this area is minimal.

Fabricationmay introducedistortionsand misalignmentswhich will affectbuckling
strengthof the hull structure. For economicaland technologicalreasonsfabrica-
tion defectscannotbe totallyeliminatedand are toleratedas long as they remain

.— withincertainboundsdictatedby strengthrequirementsand fabricationcosts. The
effectsof fabricationtoleranceson structuralstrengthcan be determinedwith a
reasonableaccuracyand properlyaccountedfor in the structuTaIdesigncriteria.
Experiencewith 100 Ton SES hulls and severalsmall fabricationmoduleshave-.
demonstratedthat reasonabletolerancerequirementscan be met or exceeded. The
risk of underestimatingthe effectsof fabricationvariableson hull strengthis
consideredsmall.—

Becauseof the randomnatureof the sea environmentit is not possibleto make a
categoricalstatementthat the designloadswill not be exceededduringthe lifetime
of the ship. There is alwaysa chancethat the ship will experienceloadshigher
than for which it was designed. In the case of the CSES, the risk of exceedingthe
maximumdesignloadsis limitedto 0.001 (probabilityof survival0.999),i.e., dur-
ing twentyyears,one-in-a-thousandCSES structuresmay encounterthe loadswhich
would exceedthe designloads. The load variablesfor CSES has been accurately
evaluatedusing structuralmodel testingtechniquesand computerizedloadsanalyses
developedfrom extensiveexperimentaland analyticalstudiesdone under the 3KSES
program. This variablerisk levelis regardedas acceptable,particularlysince
the consequenceof such an eventwouldbe limitedmainly to localbucklingof the
main deck structure,and wouldnot seriouslyjeopardizethe overallintegrityof the
ship.

5.2 SEAL STRUCTURE
—

5.2.1 Seal Description

The CSES seals and some of the structuraldetailsare shownon Figures5.2-laand—
b and 5.2-2 . These sealsrepresentan extensionof the technologysuccessfully
demonstratedon many ACV and SES craftincludingthe SES-1OOBand more recentlythe.
Bell Halter commercialSES. There is a wealthof materialsfabricationand per-

— formancedata generated-under3KSES
to these typesof seals.

The main structuralfeaturesof the

and ACV programs,which is readilyappli~able

CSES sealsare describedas fol”lows:

—
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a. Bow Seal. This seal Figure5.2-laand b is a simplificationof the
SES-1OOBtype seal. The toroidalshape SES-1OOBbow seal bag is
replacedwith a simplecylindrical,“straightacross”bag. This bag
shapeoffersadvantagesof designsimplicity,low seam stressesand
repeatabilityof fingerconfigurations.The frontand the tails of
the fingersare respectivelyconnectedto the lowerportionof the
bow bag and to the wet deck stiffenersby means of detachablemech-
anicalconnectorswhich allow easy replacementof the fingers. The
fingerdesignshown in Figure5.2-2allowsmost of the fingerpressure
load to be absorbedby the hard structure. This arrangementresults
in lower stressesin finger-to-bagjointswhich improvestheir fatigue
performanceand resistanceto tear. The alternativeto “bag- and
finger-”seal describedabove,is an “all finger”bow seal such as
used on the Bell-Halter(B-H)craft. This seal is simplerand lighter
than the “bag- and finger-“ sealbut requiresmore hull structurefor
the fingerattachments. In the case of the CSES, the hull length
would have to be increased10 - 15 feet to accommodatethe B-H type
seal, resultingin 8 - 10 LT additionalhull weight. This was less
efficientso the designwas not pursuedas an option.

b. Stern Seal. This seal Figure5.2-3 is similarto the one successfully
used on the SES-1OOBcraft. It consistsof a simple3 lobe “straight
across”bag attachedto the wet deck structure. The lobe radii and
the numberof lobesare dictatedby the stiffenersrequirementof the
stern seal, i.e., smallerlobe radii and largernumber of lobes,result
in “softer”more Teadilydeformableseal. The seal is equippedwith
verticaldiaphragmsfor geometrycontroland dynamicstability. Ade-
quate drainholes are providedto removethe entrainedbag water when
the seal is inflated.-

5.2.2 Seal Loads

The sealsare designedto withstandloadsengenderedby
summarizedin Table 5.1-i. The criticaldesignload is
contactwith waves,which resultsin pressureincreases

the operationalconditions
producedby a rapidbow bag
such as exemplifiedby

Figure5.2-4which shows cushionpressuresmeasuredduringSES-1OOB~ough water
test. For the CSES bow seal,this load correspondsto three times the cushion
pressure,i.e., 3 x 135 = 405 psf. The requiredsafetyfactor (SF)for this load
is 4.0. This valuewas used for the 3KSESbag and fingerseals and accountsfor
materialstrengthvariables(SF = 2.0) and materialdegradationdue to fatigueand
environmentaleffects. Calculationshave indicatedthat the existing1000pounds-
per-linealinch (pli)fabricsaTe more than adequateto satisfyCSES seal material
strengthrequirements.The fabricin this strengthrangehave been used on various
Air Cushionand SES craftand providedgood performanceand adequatetear strength.
Other loadssuch as drag forcesin high seas, forcesdue to entrainedwater in the
bag, were determinedto be less criticalthan the overpressureloadsand are ad-
equatelycoveredby the largesafetyfactor. The stern seal is designedusing
materialsand hard structureconnectionsidenticalwith the bow seal. Becauseof
inherentlymilderoperationalenvironmentand low stresses,the stern seal will
have ample capabilityto withstandthe operationalenvironmentloads.

.
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5.2.3 Seal Materials

Both bow and stern sealsare constructedfrom commerciallyavailableelastomer
coatedfabricpanels. The width of thesepanels is limitedto 54 inchesalthough
panelsup to 20 feet width may be obtainedby specialorder to manufacturersequip-
ped with carpetweavingmachinery. Althoughwider panelshave an advantageof
fewer seam jointsand lowerbag fabricationcostsand sealweight,their cost is
much higher than the 54 inch wide materialsand theirdeliverytime is longer.
Additionally,the bag constructedfrom the narrowerpanelshas a built-intear-
stopperfeaturein the form of bonded seamswhich join the adjacentpanelstogether.

Table 5.2-i summarizesthe strengthcharacteristicsof the coatedfabricmaterials
specifiedin CSES seals. The values in the tableare based on bag and finger
materialtestsperformedby Bell AerospaceCompanyunder the 2KSESprogram. The
selectedcoatingsare derivedfrommore than 10 years of developmentwork and offer
the best combinationof durabilityand flexuralfatiguestrength.

STRENGTHCHARACTERISTICSOF BAG MATERIALSSELECTEDFOR CSES SEALS

MATERIAL
CHARACTERISTIC

BAG FINGERS

FabricType

FabricWeight

Coating

Tie-Coat

MaterialWeight

TensileStrength

Dry - Warp

- Fill

Wet - Warp

- Fill

Tear Strength

Nylon 3 x 3 Basket

23.2 ~z/yd2

Neoprenebase
rubber

Neoprenebase
adhesive

90 oz/yd2

1260pli

1280pli

1100pli

430 pound

Nylon 3 x 4 Basket

30 oz/yd2

Naturalrubber/
cis-polybutadiene

Neoprenebase
adhesive

135 oz/yd2

1600pli

1690pli

500 pli

TABLE 5.2-i

Othermaterialsused in CSES seal constructionincludeCRES bolts and aluminum
clampsused for connectingseal to the hull structureand for joiningfingersto
the bag. Tefloninsertsand other insulatingmaterialsare used in the dissimilar
metal interfacesto preventgalvaniccorrosion.

—

—
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Seal WeightBreakdown

5.2-iiprovidesbow and sternseal weight estimates
fabricpanels and 2 inch singleoverlapseam joints. The
the lift systemis shown in Table 5.4-iii.

CSES SEAL WEIGHTSBREAKDOWN

BOW SEAL

basedon 54 inch wide
full weightbreakdownfor

STERNSEAL
COMPONENT WEIGHT {

(LBS) :cOF”*ONENT
WEIGHT

I (LBs)
I

*BAG (coatedfabric)

Lobe panels 321

End Caps 78

Apron 39

**FINGERS (coated fabric)

set of eight (8) 1563

ATTACHMENTCLAMPS (Aluminum)

Bag-to-hull 221

Finger-to-hul1 587

Finger-to-bag 181

TOTAL: 2990

MISCELLANEOUS5%: 150

BOW SEAL: 3140

i
t
I
I
I
I
I
I
I
I
I
1
I
I
I
1
I
I

/
I
I
I
I
I
I

I
I
I

:
1
I
I

I

I
1
I
I
I

1
I
I
I

I

1

*BAG (coatedfabric)

Lobe panels

End Caps

Verticalweb (setof five)

1811

26

444

ATTACHMENTCLAMPS

Bag-to-hull

TOTAL:

(Aluminum)

260

MISCELL~EOUS 5%:

STERNSEAL:

2541

127

2668

J
*Bag fabricweight= 90 oz/sq.yd.

**Fingerfabricweight= 135 oz/sq.yd.
.

TABLE S.2-ii

5.2.5 Seal Risk Assessment

Risk assessmentof seals generallycan be relatedto two requirements:(1) adequate
strength,and (2) adequatelife. The risk of not meetingthe firstrequirementis
small since the CSES sealsare providedwith generoussafetymarginsand use proven
designfeatures. Experienceshowsthat the risk of failingto meet life require-
ments, is primarilyrelatedto seal elementsin frequentcontactwith the water
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i.e., tips of the fingersand lowerportionsof the sternbag. Even thoughfinger
wear cannotbe completelyeliminated,the rate of wear can be maintainedat an
acceptablelevelby takingadvantageof recentadvancementsin seal materialand by
using flagellationsuppressors,such as nylon stiffeningcablesintegratedinto
fingermaterial. Test data have shown that in additionto materialvariables,the
fingerlife is dependenton speed,cushionpressureand fingergeometrysuch as
fingerdiametersand incidence”angle. The CSES seal fingergeometryis selectedto
providea good balancebetweenperformanceand durability. The CSES speed is modest
as comparedto 80 - 100 knots specifiedfor 3KSESfinger. It is anticipatedthat
fingerlifewill be sufficientto provide800 - 1000hours of good performanceat
speedsabove 35 knots. At lowerspeedsfingerlifewill be much greater. Stern
bag wear is usuallyquite smalland can be firtherreducedby the use of fiberglass
sheathingor sacrificialelastomerlayersat the bottomof the lower lobe. However,
for the CSES stern seal the anticipatedwear will be smalland bag modificationsare
unnecessary. In the past, sealswere occasionallydamagedby the hard mechanical
fastenersrubbingand chafingthe adjacentsoft seal fabric. The damageoccurred
mainlyat the seam joints. Risk of this self-inflicte”ddamagein CSES seal is
minimizedby reducingthe numberof mechanicalfastenersand)byshroudingmetallic
elementsin rubber.

5.3 PROPULSIONSYSTEM

5.3.1 pro?mlsionSvstemDescription

The CSES propulsionsystemconsistsof two independentcombineddiesel/gasturbine
(CODOG)plants,one in each sidehullpoweringan eight foot diameterfixedpitch
propeller.

Propulsionplant designphilosophyis based on simplicityand maximumuse of commer-
ciallyavailableand existingprovencomponents. This approachis evidencedby the
selectionof the MTU 8V331 dieselengine,a widelyused marine enginewhichprovides
hullbornepropulsivepower in the PHM Hydrofoil,and the DetroitDieselAllison
Division(DDAD)570-Kgas turbine,a secondgenerationunit offeringgoodperform-
ance and economyin the 2000 to 7000 shp range. The gearboxis a CODOGversionof
a reductionlreversingunit designedspecificallyfor the DDAD model 570 gas turbine
by the CincinnatiGear Company. Thesepropulsionplants,poweringreadilyobtained
fixedpitch propellers,and using dieselfuelmarine (DFM),(MIL-F-16884)provide
the CSES with the flexibilityto select operatingcombinationsfor efficientand
economicalperformancethroughoutthe shiplsoperatingenvelope.

5.3.2 PropulsionSystemArrangement

Figure5.3-1 illustratesthe generalarrangementof the propulsionplant in each
sidehull. Figure 5.3-2shows the COD(3Ginstallationin gfeaterdetail. The selec-
ted arrangementprovidescompactand efficientinstallationwhich allowsfull input
power of eithergas turbineor dieselin eitherforwardor reversedirection.

Duringgas turbineoperation,power to each 8 foot diameterpropelleris provided
by a DDAD 570-Kgas turbinevia tuTbinecoupling,epicyclicreductiongearbox,
synchronousself-shifting(SSS)clutch,hydraulicreversingclutch,pinionand bull-
gear, shafting,bearingsand thrustblock. The overallreductionratioof the gas
turbinedrive trainis 23.00/1.

—
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For dieseloperation,power is transmittedvia a torsionaldampingflexiblecoup-
ling,SSS clutch,inputpinion,hydraulicreversingclutch,pinion and bullgear.
The reductionratioprovidedfor dieseloperationis 10.63/1. Each stern seal lift..—
fan is drivenfrom the oppositeend of the dieselthrougha clutchwhich is normally
disengagedduringoff cushiondieselpropulsionoperation. This diesel engineis
carriedunder the lift systemfor inventoryand weight and balancepurposes.

—-

5.3.3 MachineryCharacteristics

. 5.3.3.1 Gas TurbineSystem

Severalmarine gas turbineenginesin the 5 - 7000 shp range were consideredfor
poweringthe CSES. In additionto the DDAD 570-K,the GarrettlE-990at 6300 shp;—
the GeneralElectricLM-500at 5500 shp; and the Rolls RoyceTyne F!MICat 5340 shp
were examined. Based on a trade-offconsideringpower, fuel consumption,speed,
weightand size;the DDAD 570-Kwas selectedas the enginebest suitedoverallto—
meet the requirementsfor the CSES.

The 570-Kmarine gas turbine,manufacturedby DetroitDieselAllison,is a low-
.— volume,high power-to-weightpropulsionsystemFigure5.3-3. The engineis rated

at 6445 shp continuousand 7170 shp intermittentand is capableof maintaining
minimumspecificfuel consumptionover a wide range of horsepowersettings. The
enginehas been well proved industriallyand for marineapplicationhas successfully
completedan 1100hour salt injestiontest to Navy specifications.

Designand developmentof the 570-Kenginebegan in the late 1960TS. The basic—-
enginedesign,materials,and modularconstructionare the resultsof product
improvementswhich have been made to the Allison501 Turboshaftenginewhich has
been in productionfor

—

The 570-Kdiffersfrom

.- a. It employsa
volume.

more than ~0 years.

the 501 Turboshaftin two major areas:

full annularcombustorto accommodatethe greatergas

-—

—

—

-.—

b. The compressoris equippedwith variablegeometryto reducethe part
load fuel consumptionrate.

The engineis of modularconstruction.It consistsof five separablemoduleswhich
includethe compressor,combustor,gas generatorturbine,power turbine,and acces-
sory gearbox. The modulesare designedto facilitateon-the-jobreplacement.

The 570-K employsa thirteen-stageaxial flow compressorwhich producesa 12.1:1
compressionratio. The inletguidevanes and the firstfive statorvanes are of
the variableactiontype. The settingangleof the statorvanes are modulated
throughhydraulicallyoperatedvariablegeometriclinkagein responseto a sche-
duled electroniccontrolsignal.

The 570-Khas a relativelyflat specificfuel consumptioncurve. This flat curve
—

makes the 570-Kan excellentenginefor
In addition,DetroitDieselAllisonhas
efficiencyfor this simplecycle engine
5.3-4.

power installationswhere the load varies.
demonstrateda better-than-averagethermal
in the lowerpower outputrangesFigure
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The 570-K is fittedwith an integratedelectronicenginecontrolsystemand fuel
controlvalve. The systemprovidescompleteautomaticstartingand shutdownsequen-
cing. It also providesa completeelectronicfuel control,includingpower turbine
and gas generatorspeedgoverning,closedloop temperatureaccelerationcontrol,
open loop accelerationfuel limiting,steady-statetemperaturecontroland deceler-
ation control.

The systemhas a dual channelenginetemperaturemonitorand speedmonitorsfor the
power turbineand gas generatorshafts. Completemalfunctionmonitoringis also
providedalongwith automaticcompressorvariablegeometrycontrol.

The gas generatorturbineis an air-cooled,two-stage,axial-flowunit consistingof
a singlemajor stationarysubassemblyand the turbinerotor assembly. The power
turbineis also a two-stage,axial-flowunit, gas coupledto the gas generator
turbine. The power turbinedrivesthe outputshaft at the frontof the engine.
Directionof rotationis clockwise,viewed from the rear, and outputspeed is 11,500
rpm at ratedpower turbinespeed. The gas producerspeed is variableand dependson
power selectionwith a maximumof 15,000rpm.

5.3.3.2 Diesel System

A diesel enginelocatedaft in each sidehullcan power eithera stern seal fan or a
propulsiondrive train throughthe CODOG transmissionsystem. The dieselselected
is the MTU 8V331,the same enginethatprovideshullbornepropulsionpower in the
PHM Hydrofoil. This marine engineis ratedat 870 shp continuousat 2180 rpm and
is capableof fullpower transmissionfrom eitherend of the engine. The two hour
ratingis 950 shp at 2250 rpm.

Other dieselengines,both Americanand foreignare availablein the requiredpo’wer
and speedrangesfor this applicationbut the MTU 8V331was selectedbecauseof its
overallsuitabilityand provenmarineperformance.

The model 331 dieselis based on designconceptswhich make it particularlysuitable
for fasthigh-performancevessels. Over 2500 of the 331 model enginehave been
built and more than 1200 of these are employedin high speedwater craft. Thispro-
vides an exceptionaloperationalexperiencebase for this choiceof diesel.

The engineis of shortstrokedesign (155mm) with rated speedsfrom 2100 to 2400
rpm. Design featuresinclude90 degreeV arrangement,directinjection,exhaust
turbocharging,and internalchargeair coolingwith intercoolerincorporatedin the
enginewater circuit. The engineuses electricstartingand has a dry weightof
2.3 LT.

5.3.3.3 Transmission”System

A reversingreductiongear systembased upon an existingdesignhas been selected
for the CSES. The unit is illustratedexternallyin Figure5.3-5.

A cross sectionof the transmissionis shownin Figure5.3-6which”showsthe reverse
gear arrangement. The reversingparallelshaftgearboxsectionis an established
conceptutilizingmulti-discviscousoil shearclutchesto providethe reversemode
of operations. Since the shift from forwardto reverseis accomplishedby the
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multi-disc clutches, no sliding gear meshes are

reversing is therefore greatly simplified. The

Power of either gas turbine or diesel in either

.

required and the control system for

system design allows full input

forward or reverse direction. This

>eature allows tie gear~o.x to be installed in eitherthe port or starboardsidehull
- and providecounterrotatingpropellers.

The initialhigh speedreductionfrom the gas turbineis througha proven Stoeckicht
epicyclicdesign. In this design,free floatingsun and annulusgears insurecom-
plete load equalizationamong threeplanets. The gear case carriesonly torque
sincegear separatingand axial loadscancelout with the epicyclicdesign. Over-
all, a very compact,lightweight,reliableplanetaryreductionis provided.

The reversingparallelshaftgearboxsectionis designedto low K-Factorand unit
loadswhich resultsin low risk and long reliableoperatinglife. Bendingand
durabilitystressesare withinacceptedindustryand AmericanGear Manufacturers
Association(AGMA)allowablehigh performancemarine standards.

Duringdieselengineoperationpower is transmittedto the dieselinput SSS clutch
via an Eaton/Geislingertorsionalcouplingto damp torsional vibrationsinducedby
the diesel (theSSS clutchis equippedwith a lock-outmode for dieselstart-up).
Power is then transmittedthroughthe inputpinion,reversingclutch,pinionand
bullgear,and shaftingto the 8 foot diameterfixedpitchpropeller. Appropriate
shaftbearings,thrustblock and stuffingbox are fitted.

Duringgas turbineoperationpower is transmittedvia the epicyclicreductionunit,
SSS clutch,pionion,reversingclutch,pinion and bullgear. In this mode, the
pinion on the dieselengineside idles,therebyreleasingthe SSS clutchon the
dieselside and disconnectingthe dieselengine.

From a maintainabilityviewpointthe verticaloffsetarrangementfittedallows
output/thrustblock clearanceand accessibility.Servicibilityis also enhancedby
the modularbuildingblock designconceptof the system. The turbineSSS clutch
with lock-outallowsgas turbineoperationwithoutgearboxrotationfor fieldser-
vice or the performanceof checks.

The gas turbinereductionratio is 23.00/1with an output
dieselreductionratio is 10.63/1with an outputspeedof
efficiencyis 94 percentand it’s dry weight 11,800lbs.

5.3.3.4 PropulsorSystem

-.-”-

—

-4,

+

-,

- /’

—

speedof 500 rpm; the
207”rpm. The gearbox

Propulsorselectionwas influencedby the requirementsfor low cost,high efficiency
in both hullborneand cushionbornemodes of operation,and for ruggednessand sim-
plicityof the design. Fixedpitchpropellersare thereforespecified. Should
more efficientlow speedperformancebe requiredin the future,controllablepitch
propellerscouldbe retrofitted.

A parametricpropellerdesignstudywas performedutilizinga computerdesignpro-
gram developedfor the SES ProjectOfficein 1979. Basically,theprogram combines
linearizedsupercavitatingfoil theorywith supercavitatingmomentumand cascade
theoriesbackedby extensivemodel tests. Blade sectionstrengthis calculatedby

u

+
—1

—

5-33
-T



.—

—

a curvedbeam analysis,and sectioncharacteristicsare continuallyadjusteduntil
a satisfactorycombinationof structuralintegrityand hydrodynamicperformanceis
achieved.

Resultsof the parametricstudy indicatethat for the installedCODOG system,an
8-footdiameterfixedpitchpropellerwith a maximumrotativespeed of 500 RPM will
achieverequiredperformanceover the craftoperatingrange. This propellerhas
the followingcharacteristics:

Number of Blades 4

EffectiveAspectRatio (EAR) 0.60

Skew . 15 degree

MaximumStress 15000psi (fatiguelimit)

NickelAluminumBronze (NXBRAL)was selectedfor the propellerbladesbecauseof
the extensiveexperiencewith thismaterialin marinepropulsory. The propelleris
sufficientlysmall so as not to pose any manufacturingproblems. The estimated
hydrodynamicperformanceof this propelleris shown in Figure5.3-7,where thrust
coefficient(KT)and efficiency(q) are functionsof advanceratio (J). These
estimatesare based on a 50 percentpropellersubmergencelevelat top speed (design
point)and with a fully submergedpropellerfor low speedconditions. For partially
submergedoperationthe propellerhub and the upperhalf of the propellerdisk func-
tion in the “shadow”of the transom. Similarto the SES 100B,this is achieved
throughproper designof sidehullgeometryto obtaineffectivefull propellersub-
mergenceor partialsubmergencewhen desired. This can be achievedby varyingthe
-streamlinesof the localwater flow throughmechanicalor hydrodynamicarrangements.
The methodo~-achievingthis will be determinedduringthe next stageof the design..

5.3.3.5 CombustionAir Intake

The air inlet openingsfor the gas turbinesare locatedon the weatherdeck on each
side of the ship just aft of the deck house. Sea water and moistureseparationis
providedby 3 stagedemisters. For de-icingpurposes,a smallpercentage of hot

— gas turbineexhaustgases can be run througha heat exchangerwhich is part of the
weatherdeck inlets. The gaseshavingwarmed the intakesare injectedinto the free
streamof inletair. Sound suppressionpanel assembliesin the intakeduct reduce
enginenoise. Demistermodulesremovemoistureand other contaminantsinthe air.
Bypassdoorsare includedin the demisterassemblyto preventblockageduringicing
conditions. Aluminumhoneycombpanelson all duct wallsprovidesmoothairflow
surfacesand additionalsoundsuppression.

5.3.3.6 ExhaustGas UDtakes

+.-

.

Engineexhaustgasespass from the enginecollectorthrougha transitioningelbow
and into the exhaustgas assembly. The assemblystackrisesverticallyexhausting
throughport and starboardstacksat the aft end of the superstructure.The duct
is round in cross-section.Concentricsound suppressorsare installedin the
verticalduct. The entiresystemis insulated.
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5.3.3.7 PropulsionLube OiI’SyStem

Eachpropulsionenginehas an independentlubricationsystem. Detailrequirements
for the systemare specifiedby the enginemanufacturer. Independentlubrication
systemsservicethe port and starboardpropulsorthrustbearings,gearboxes,and
drivelineshaft/bearingmodules. MIL-L-17331G(2190-TEP)lubeoil is used, which
providessufficientviscosityfor the journaland rollerbearings. Systemflow
requirementsare based on removalof all frictionheat from the componentswith a

—. maximumoil temperaturerise of 40 degreesF. The reservoiris sized for one minute
residencetime and includeselectricalheatersto warm the oil to 90 degreesF prior
to propulsoroperation. The supplypump has excesscapacity. The heat exchangeris

.- sized to keep oil temperaturebelow 125 degreesF. An auxiliaryelectricmotor- .
drivenpump is used for pre and postlubeas well as emergencybackup.

5.3.4 PropulsionSystern”OpeTation

The propulsionsystemis operatedas a subsetof the ship controlsystem. Control
is maintainedfrom eitherthe centralcontrolpositionor the bridge. Performance—
monitoringand evaluationof principalpropulsionmachineryelementscan be under-
taken from the centralcontrolpositionand machinerycompartmentsare normally“
unmannedduringoperation.

—

5.3.4.1 HullborneOperation

— Hullborneand partialcushionoperationsat speeds
using dieselenginesof the CODOG systemsto drive
clutchactuatorsdisengagethe gas turbineengines

up to 15 knots can be performed
the propellers. AutomaticSSS
“andengage-the‘-dieselmuzin.esto

the combiningreductiongearboxesto drive th= propeller=h~ftsand disenga~ethe.
dieselsfrom the sternseal lift fans. Dieselsare normallyused for the hullbokne
mode, thus providingeconomicallow speedoperation. It is possible,however, to

operatehullbornewith one or both of the Allison570 gas turbineengines. Dockside
. and low speedmaneuveringis accomplishedby use of rudders,propellerreversal

and/orRPM control.

.- 5.3.4.2 Hump Transition

The high cushionlengthto beam ratioof the CSES
the maximumspeedof the CSES. A relativelymild.

. .

places the primarydrag hump above
secondarydrag hump is encountered

at about 18 knots. Secondaryhump transitionis therefore-readilya~complishedin
responseto a high power commarid.Secondaryhump transitionis possible
cushion,partialcushion,or can be avoidedby remaininghullborneuntil—
knots.

5.3.4.3 High SpeedCruise”Operation

High speedcruiseoperationis the operationaldomaindefinedby maximum
gas turbinepower operationat displacementsfrom full load displacement

— ship conditionin the full cushionmode.

The CSES may be operatedin eithera maximumspeedmode or maximumrange

with full
over 18

continuous
to light

mode. The
formeris based upon use of the maximumcontinuoushorsepoweravailabl;to achieve
minimumtime betweentwo geographicallocationswithinthe availablerange. The

—.
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maximumrangemode of high speed cruiseprovidesthe speedprofilefor maximum
availablerange and is achievedby continuousor incrementaladjustment
power and propulsionpower to maximizethe specificrange (nmper LT of
all particulardisplacementsand sea conditions.

5.3.5 PropulsionWeight Breakdown

of lift
fuel)at

Propulsionsystemweightsby subdivisionsof SWBS Group 200 weightare presentedin
Table 5.3-i.

WEIGHTOF PROPULSIONPLANT - SWBS GROUP 200

SWBS GROUP ITEM WEIGHT

234 PropulsionTurbines 1.2

241 ReductionGearing 10.5

242 Clutchesand Couplings 0.8

243 Shafting 2.2

244 Bearings 1.4

245 Propellers 3.6

251 CombustionAir System 0.8

252 PropulsionControl 0.4

259 ExhaustSystem 0.8

261 Fuel Service 0.2

262 Lube Oil Service 0.6

298 OperatingFluids 1.2

299 RepairParts 0.1

Total PropulsionSystem 23.8
,,.4.,

TABLE 5.3-i

5.3.6 PropulsionSystemRisk Assessment

The conservativeapproachused
technicalrisk is sufficiently
struction.

The AIlison570 prime mover is

in this designensuresthat the propulsionsystem
low so as not to place any constraintson CSES con-

marine (salt)qualified,with a rapidlyincreasing
industrialexperiencebase. The MTU marinedieselengineis in use worldwide.
The CincinnatiGear reductiongear is of conservative,state-of-the-artdesign.
The simple,fixedpitch propellerinstallationensuresvery high reliability,

Overall,the CSES propulsioninstallationrisk is evaluatedas low. The installa-
tion involvesno more technicaldifficultythan othermodernconventionalmonohull
shippropulsionplants.

.
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5.4 LIFT SYSTEM
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5.4.1 Lift SystemDescription

The lift systemconsistsof four independentsets of lift machinery,air distribu-
tion elements,ride controlequipmentand bow and stern seals. As indicatedin
Figure5.4-1,the liftmachineryis arrangedin both si’dehullsat the stern and in
the bow to form independentredundantair supplysystemsfor the bow seal, air
cushionand sternseal. The two forwardfans supplythe bow seal and the cushion;
and the aft fans supplythe stern seal and the cushionwith lift air.

Each set consistsof an Aerophysics,IncorporatedRotatingDiffuser(RI)]Double
Width DoubleInlet (DWDI)fan with radiallyplaced InletGuideVanes (~GVs).
Power is suppliedto each lift fan by one MTU 8V331TC82870 HP dieselenginewith
appropriategearbox. No cross-connectionexistsbetweenthe four sets of lift
machinery.

The aft two sets of liftmachineryare locatedone in each sidehullnear the stern
seal,and serve dual functions. During low power prop~lsionoperationsthese diesel
enginessupplyinputpower to the CODOGpropulsiontransmissionsystemthrou~h.
appropriateclutchesand couplings. The-di6selscan
stern fans and p~opellers.

The fan intakesare verticaltrunksto the main deck
and debrissafetyscreen/barrier.

.
5.4.2 Lift SystemArrangement

..-

.

—

.

.

Figure5.4-2 illustratesone of the four lift system

simultaneouslydrivebo~h the

and terminatewith a personnel

machinerysets installedin
the CSES. These four sets, togetherwith appropriateducting:valving,bow and
sternseals,and controls,comprisethe lift system.

5.4.3 Lift SystemComponentsand Characteristics

5.4.3.1 PrimeMovers

The MTU 8V331TC82marinedieselengineis describedin Section5.3.3.2.

5.4.3.2 Gearbox

Lift gearboxesprovidespeedreductionand power transmissionfrom the diesel
enginesto the lift fans. Preliminarydesignarrangementsand calculationshave
been performed. The designis simpleand conservativewith a low gear ratio of
1.23 to 1. The gearboxassemblyincludesthe followingcomponents:

a. Gearingof helicaldesignof modifiedinvoluteform machinedfrom
non-weldedCEVM 9310 forgings

b. Singleinputshaftwith flangedcouplingdrivingthrough”parallel
shaftingand associatedgearsto a singleoutputshaftwith flanged
couplings .

—

.
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c. Housingor casingenclosingall gears (mountingand liftingprovisions
included)

d. Two auxiliary
two hydraulic

gear drivenoutputshaftsand mountingprovisionsfor
pumps locatedon the outputside of the housing.

e. An attachedshaft lockbrake for the liftpower transmissionsystem
with a torquecapacityof 15,000in-lbson the input shaft

f. Installedgear drivendisplacementtype oil pumps (supplyand scavenge).
The supplypump providessufficientcapacityfor lubricationof the
gearboxplus the fan drivenby the gearbox

/ g* Integralinstrumentationfor all criticalparameters.

The accessorydrive is designedas a self contained,detachablegearbox. It can be
removedand replacedwithoutdisassemblyof the pumps or gears. Bearings,remova-
ble sumps,oil shields,brakes,and many other smallcomponentsare interchange-
able. Wherepossible,parts are unitizedto eliminatejointsthat might fret or
sustainassemblyor operatingdamage. Designallowable used in rotatingcomponents
are below the crackpropagationthresholdand/orbelowrinfinitelife fatiguelimits
to ensureagainstmaterialfailures.

The gearboxis capableof carryingand sustainingall variable,unidirectional
loads,includingan additionaloverloadfactorof 2.0 for a life of at least45,000
hours. The power efficiencyof the gearboxhas been calculatedto be 98.0percent.
This efficiencydoes not includeaccessorypower.

- 5.4.3.3 Lift Fan

Lift fansprovidethe
staticsupportof the
doublesuctiondouble

airflowand pressureto the air cushionand seals for aero-
ship compatiblewith cushionborneperformance. Each fan is a —
dischargerotatingdiffusertype fan. All designperformance

requirementsare met by four ~ans havinga diameterat the blade trailingedge of
approximately3.85 feet,or 117 cm.

. .
The Aerophysics,Incorporatedrotatingdiffuser(RD)fan shownin Figures5.4-3has
been successfullyused for many years in industrialapplications,and has been se-
lectedfor the CSES. Figure5.4-4 is a side view sketchof the CSES fan and diesel
engine. Use of the RD fan on air cushionsupportedplatformswas firstinvestigated
in studiessponsoredby the U. S. Army in the mid 1960s. These includedthe design,
fabrication,and spin testingof a 5.5 foot diameterlightweightfan constructed —

entirelyof aluminumusing aircrafttype rivetedconstruction.Followingthese
early investigations,developmentof the RD fan was extendedto very largesizes,
Figure5.4-5. Under the 3KSEScontract,the detaileddesignof a lightweightlift
fan was completed. The fan was under full-scaleconstructionwhen the 3KSESprOgr~ ‘.
was terminated. In addition,dynamictestsof a largescalemodel RD fan were com-
pleted at the DavidTaylorNaval Researchand DevelopmentCenter (DTNSRDC). These
tests includedevaluationof the fan’sperformancein the unsteadySES marineenvi-

.

ronment. The conclusiondrawn
RD fans is well suitedfor the

1

from the-DTNSRDC
SES environment.

tests was that the behaviorof the

___
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The RD lift fan for the CSES is of an existingdesignthat has been in operation
since 1974. Performancedata was obtainedfrom directfull scalemeasurements

—. utilizingan approvedASTM code tester. Fan data is complete,includingflow vari-
ationsachievedwith the radiallyinstalledinlet guidevanes. Tables 5.4-i and
5.4-iidetailthe CSES fan?soperatingrange of pressureand flow at CSES displace-
ments of 350 and 400 LT respectively.— The fan is capableof liftingthe CSES by
operatingat pressuresto 220 PSF. Figure5.4-6 showsthe measuredfan operating
map completewith the effectsof I’GVS.The pressureversus flow curve is smooth
with no positivesloperegionsto cause instabilitiesOT stalling. Efficienciesof—
86 percentare achieved. Note the wide range of performanceabove 80 percent
efficiency.

— LIFT SYSTEMPERFORMANCEREQUIREMENTS - (350 LT)

-.

—

—

—

.

-.

—

—

SUB-SYSTEM SEALS CUSHIONI

NO. OF DWDI RD LIFT FANS 2 ’21

NO. OF INLETS 4 4

HORSE POWER AVAILABLEIINLET 435 435

PS STATIC,PSF 140 127

PT TOTAL,PSF 154 140 I

DELIVEREDFLOW/INLET,CFS 1320 1452

TOTAL FLOW IN CUSHION,CFS -- 5810

TOTAL FLOW IN BOTH SEALS,CFS 5280 --

TOTAL FLOW/SHIP,CFS 11,090 I

cPt‘
TOTAL PRESSURECOEFFICIENT .061 .056

cd‘ FLOW COEFFICIENT .420 .460

N~, TOTALEFFICIENCY .860 .850

IGV BLADESETTING,DEGREES o 0

SLOPE OF PERFOWCE CURVE STABLE STABLE

TIP SPEED,FT/SECOND 362 362 I

RPM, ENGINE- FAN. 1990 - 1620 I
GEAR RATIO REQUIRED 1.23 to 1

I

TABLE 5.4-i
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LIFT SYSTEM PERFORMANCE REQUIREMENTS - (400 LT)

—

—

—

—.

—

—

I SUB-SYSTEM SEALS CUSHION

NO. OF DWDI RD LIFT FANS 2 2

I NO. OF INLETS 4 4

I HORSE POWER AVAILABLE/INLET 475 475

PS STATIC,PSF 164 149

PT TOTAL,PSF 180 164

DELIVEREDFLOW/INLET,CFS 1233 1354

TOTAL FLOW IN CUSHION,CFS “ -- 5416

TOTAL FLOW IN BOTH SEALS,CFS 4934 -.

TOTAL FLOW/SHIP,CFS 10350

c~t, TOTAL PRESSURECOEFFICIENT .065 .062

cd‘
FLOW COEFFICIENT .370 .414

N~, TOTAL EFFICIENCY .860 .860

IGV BLADE SETTING, DEGREES o 0

SLOPEOF PERFORMANCECURVE STABLE STABLE

TIP SPEED,FT/SECOND 380 385

— RPM, ENGINE - FAN ‘ 2100 - 1710 2080 - 1685

GEAR RATIO REQUIRED 1.23 to 1
—

TABLE 5.4-ii

— The fan incorporatesa centrifugaldischargeimpellerwith an integralaxial in-
ducer inlet. The centerdisk and outer shroudsextendsome 30 percentbeyond the
blade trailingedges to form the rotatingdiffuserair passage. Blades are flat

— plates ratherthan airfoilbladesand are installedaxiallyin the inletportion.
The flatplate blades facilitateeconomicalconstructionand long life. The fan
volute is a conventionalrectangularvolute. The fan inlet is directlycoupledto
a high efficiencyram recoveryinletduct. Inletguidevanes are arrangedin a

—
radialtorus in this duct. This configurationresultsin a shorteroveralllength
in comparisonto a fan configuredwith axial inlet guidevanes. The inlet caisson
configurationalso resultsin a quieterfan, as shownby noise levelmeasurements

—. in Figure5.4-7 for a tip speedof 528 Ft/Sec. The CSES fan noise levelsat 385
Ft/Secare below the 1S0 80 decibellevelfor non-earprotectedspaces.

—-

—
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An availableindustrialtype fan can be utilizedsincethe CSES can accommodatethis
type fan both space and weight-wise,and at the same time providesthe requiredpres-
suresand flows. This fact,togethekwith the extensiveoperatinghistoryof this
type of fan (over3,000,000hours]providesthe CSES with a developmentrisk-free
lift fan.

5.4.3.4 Lift Air IntakeSystem

Intakeair to the four lift fan sets is taken in througha largevolume air trunk
systemthat passesupwaTd from the intakeplenum throughto a flush intakegrill
and valve entryon the shipmaim deck. Where the air trunkpasses throughthe main
deck level,grilledopeningsand air balancevalvesare providedin the overhead
portionof the interiorauxiliarymachineryspaces. The intakelift fan air is also
used as the sourcefor the ship’smachineryspaceventilation.

lle lift fan and dieselenginecomprisea unifiedmodule in an essentiallyair tight
compartmentfed from aboveby the inletair trunk. me volume and clearancesof
this plenum allow free air flow into the inlet guidevane system. Any water that
might enterthe topsideintakewould settlein this room and be dischargedoverboard
throughthe deck drainagesystem. The placementof engine,gearbox,and other drive
train elementswithin this volumeallowsfor a secondarycoolingair flow over these
elements. Like the uptake,this room is structuredto resistlowerthan atmospheric
pressure.

5.4.3.5 LiftAir DistributionSystem

The lift air intakeand distributionsystemacceptsincomingambientair at the
weatherdeck and routesit to the lift fans, and then to the cushionand seals. In
order to regulatethe sternseal pressurerelativeto the cushionpressure,a trans-
fer,ductwith a controlvalvebetweenthe stern seal and cushionaugmentsfixed
orificesin the stern seal. The lift air intakeand distributionsystemalso pro-
vide airbornenoise attenuationfor the lift fan inlets. Shut-offand ride control
valves in the distributionducts down streamof each fan forestallfloodingof the
fans when the ship is off-cushionin high seas,preventback flow from the cushion
or seal if the fan is shut down duringon-cushionoperationand modulateairflowto
controlcushionpressurein high seas to maintaingood ride qualityin conduction
with the IGV’S.

,

5.4.4 Lift SystemOperation

The lift systemis operatedand monitoredfrom the centralcontrol
bridgeas part of the propulsioncontTolsystem (seeparagraph4.3.

consoleand
4). Machinery

controland performancemonitoringdevices-provideth~ me~s- for controlof indivi-
dual fans and flow distributiondevicesand provideperfommnce and condition
monitoringof principallift sy’stemelements. The lift systemspacesare unmanned
duringoperation.

The ship can operateon-cushionwith any combinationof the four fans. Maximum
systemefficiencyat high speed and in rough seas is achievedwith all four fans.
This flexibilityensuresalmost 100 percentlift systemavailability. Even the
loss of three fans increasesship drag by only 20 percent,which reducestop speed
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by approximately10 knots. Secondaryhump transitionis possiblewith full-cushion,
partial-cushionand can be avoidedby remaininghullborneuntil over 18 knotsbefore
goingon cushion,and is thereforeindependentof fan performance.

5.4.5 Lift SystemWeight Breakdown

Estimatedweightof lift systemcomponentsis presentedin Table 5.4-iii. The total
lift systemweight is 18 LT.

WEIGHTOF LIFT SYSTEM - SWBS GROUP 567

LIFT SYSTEM WEIGHTLT

MTU-8V331TC 82 DIESELENGINES(4) 10.24
(Includesintake/exhaustsystem,fuel and lube
systems,coolingwater system,mountsand
electronics)

LIFT FANS (4) 2.55

GEARS,SHAFTS,SUPPORTS,MOUNTS (4) 1.73

AIR DISTRIBUTIONDUCTS AND VALVES .91

BOW SEAL 1.40

STERNSEAL 1.20

TOTAL LIFT SYSTEM 18.03

TABLE 5.4-iii

5.4.6 Lift SystemMachineryRisk Assessment

Overall,the risk associatedwith the lift systemmachineryis assessedto be low
as indicatedbelow and as supportedin the preceding text.

Engines -

Transmission-

Lift Fans -

Lift Ai’r
Distribution-
System

No risk. Enginesare currentlyin productionand military
marineuse.

Low risk. Gearboxdetaildesignis straightforward. The low
power and reductionratiokeeps the systemlightweight,simple
and within severalmanufacturers’stock series. Performance
estimateswill be verifiedby test of firstunit.

Low risk. Rotati’ngdiffuserfans have been operatedextensively
at duty points that”exceedthoserequiredfor the CSES. success-
ful operationhas demonstratedtheirreliability..Centrifugal
and mixed flow fansproducedby othermanufacturersare also
availablewith efficienciesof up to 80 percent.

No risk. This is a straight-forwarddetaildesigntask.

.

—

u

d

.
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—

—

—

—

—
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5.5 ELECTRICALSYSTEMS

5.5.1 Electrical”powerRequirements

The sizingof the electricalgenerators
ments:

a. power to be availableto meet

b. instantaneousavailabilityof
cuits.

is based on meetingthe

the fullbattle load

followingrequire-

an alternatepower sourcefor vital cir-

C, a margin for furthergrowth,and

d. a 50 percentredundancyfor generation.

Becauseof the similarityin size, weaponsuiteand auxiliaryequipments,the CSES
electricalload estimatesare based on the PHM Electricalload analysis. The ship
servicebattle load for the PHM is
ed by 1.3 to allow for the greater
37 KW has been includedto provide
which is not installedin the PHM.
combinedelectricalload of 265 KW
percenthas been appliedresulting
344 KW for the CSES.

175 Kw. For the CSES this load has been facto~-
area, volumeand crew size. Also an additional
power for the Close-In-WeaponsSystem (CIWS)
This resultsin an estimatedbattle condition
for the CSES. In addition,growthmargin of 30
in a combinedelectricalpower requirementof

5.5.2 E.tectricalSystemDescription

The CSES electricalsystemis modelledafter the PHM system,.scaledupward to meet
the CSES electricload requirements.The systemprovidesalternatingand direct
currentpower for”normalship’suse, for enginecrankingand for emergency.

Power generationis providedby threeAiresearchModel ME 831-800gas turbines
drivingthreeWestinghouse200 KW, 400 Hz, 440 volts generators. One or two of the
generatorsprovideprimaryalternatingcurrentpower dependenton the operating
electricalload. The thirdgeneratoris availableon a standbybasis. Emergency
power is suppliedby the’lift systemdieselenginegeneratorsand by batteriesto
provide28 voltdirect currentpower for emergencyradio,ship controlsystemand
emergencylights.

Power conversion&o handlethe 60 Hz loadsi’sprovidedby three,400 Hz/60 Hz fre-
quencyconverters,two’unftsfor primaryconversionand the third for standby. The
two on-linegeneratorseach supplya separateswitchboardwhich also servesas a
centralpoint for power distribution.A tie bus betweenthe main switchboardbuses
allowsthe”generatorsto supplythe ships systemindividually,splitplant, or in
parallel. The third generator”maybe connectedto eitherswitchboard. In order to
insuremaximumcontinuityof service,the designof the electricplant is based on
splitplant operation. Paralleloperationof the ship servicegeneratorsis also
provided. Conversionequipmenti’sprovidedto convert400 Hz AC power to DC for
ship serviceDC loadsa,ndfor automaticbatterycharging. The electricplant will
be monitoredand operatedfrom the centralcontrolstationconsole.
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5.5.3 ElectricalSystemWeight Breakdown
.

—

Electricalsystemweightsby subdivisionsof SWBS Group 300 weight are presentedin
Table 5.5-i.

WEIGHTSOF ELECTRICALSYSTEM - SWBS GROUP 300

SWBS ITEM WEIGHT LT

311 , Ship ServicePower Generation 4.64

313 Batteriesand ServiceFacility 0.45

314 Power ConversionSystem 0.94

315 ShorePower Receptacle 0.03

321 Ship ServicePower Cable 2.57

322 SwitchGear and Panels 1.24

331 Light Distribution 0.12

332 LightFixtures 1.30

333 Switches,Receptaclesand Outlets 0.12

398 ElectricalPlantOperatingFluids 0.12

399 ElectricalPlantRepairParts G Tools 0.04

TOTAL ELECTRICALSYSTEM 11.57

TABLE 5..5-i

5.5.4 ElectricalSystemRisk Assessment

—

—

.

—

Electricalsystemdesignis based upon the PHM electricalsystem. The gas turbines
which power the ship’sservicepower unitshave been qualifiedin accordancewith
MIL-E-17341* All PHM ship serviceelectricalequipmentis suitablefor marineuse
and vibrationlevelsand is compatiblewith all operatingfluids. No technical

—

risk or specialdevelopmentis anticipatedthereforefor this area.

5.6 COMBATSYSTEM —

The CoastalSurfaceEffectShip (CSES)is intendedto augmentthe main surface
forces,particularlyin the Mediterraneanand the narrow seas and inletsof the
Atlanticand Pacificin a surfacewarfarerole. Capabilitiesof the CSES include
surfaceand air surveillance,and detectionand attackof enemy forces. The CSES
will have all weathercapability,a significantspeedadvantageover conventional -
craft,and long range and good performancecapabilityin high sea states. It is

—.

expectedthat the maximumdurationof any missionwill be five days.

—

.
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5.6.1 CombatSystemDescription

—
Air targets can be detectedby the Fire ControlSystemFCS MK 92/Mod1, the ASMD/EW

.

.

ESM SuiteAN/SLQ-32(V)2,CIWS Radarjand in the case of low flyers,the surface
searchradar A14/SPS-64.Target identificationis performedusing the AIMS MK 12 IFF

. Systemand the AN/SLQ-32(V)2(foractiveRF emitters). Air targetscan be engaged
by the 76mm gun and the CIWS system. The CIWS, the primaryanti-shipmissile de-
fense (ASMD)systemfor the CSES,providesclose-interminaldefenseagainst
anti-shipmissilesor manned aircraftmaking low levelpassesover the ship. The
76mm gun would supplementCIWS in ASMD and providelimitedcapabilityfor engaging
multipleclosingtargetsor aircraftmaking dive bombingor rocketattacksoutside
CIWS range. A passiveterminaldefenseis provided‘bythe MK 36 decoy launcher
using chaff and other decoysnow under developmentto deflectradarhoming or other
types of anti-shipmissiles.

—

—

For the surfacewarfarefunction,the CSES wouldhave an engagementcapability
againstpatrol craftand smallboats using the 76mm gun controlledby the MK 92 MOD
1 FCS. With HARPOONthe CSES would have a capabilityto engagesurfacetargets

. using radar or over-the-horizontargetingsensors(i.e.,AN/SLQ-32)or LINK 11.
The MK 92 Mod 1 Fire ControlSystemwould performair search,surfacesearch (sup-
plementingAN/SPS-64),targettrackingand weapon control.

—
The Commandand Controlsystemto supportthe warfarearea functionsis an austere
versionof that used for FFG-7 and slightlymore sophisticatedthan the PHM. The
Commandand Controlsystemwould be orientedto AAW/ASUWself-defenseas reflected—
by the organizationand reducednumberof consoles. LINK 11 affordsan automatic
exchangeof data with other surfacecombatants,and providesa sourcefor targeting
data againstsurfacetargets.”‘Thiswill providean additionalcapabilityfor ASMD
througha heads-upwarningof potentialclosingair targets,and permitscommandto
optimizethe use of all AAW systems.

—

—

—

—

5.6.2 CombatSystemElements

This sectionprovidesa summarydescriptionof the variedelementsof the CSES
CombatSystem (SWBSGroups4 and 7).

5.6.2.1 Radar Set AN/SPS-64(V)

The AN/SPS-64(V)is the surfacesearchand navigationradar. It is a two dimen-
sional (azimuthand range)radar set designedfor surfacesearchwith a potential
secondarycapabilityof anti-ship-missile(ASM)and low-flyerdetection. The
CollisionAvoidanceSystemAN/SSQ-87(V)(currentlyunder developmentfor PHM-1)will
use this radar-asthe primarysensor. The conceptshown in Figure 5.6-1 is an
adaptionof this system.

—
S.6.2.2 ShipboardAIMS MK XII IFF System

The ShipboardAIMS MK X~I TFF Systemprovidesa means of identifyingradar targets,—, Aircraftor ships carrytranspondersthat,when enabled,automaticallyrespondto
RF coded signals. These responsesare encodedto provideidentificationfor IFF,
but are generallyused for transmittingemergencyand altitudeinformationfor

— trafficcontrol,and emergencysignalsfor searchand rescuepurposes.
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The

One
the
the

AIMS MK XII TFF Systemconsistsof: j

o Two interrogatorsUPX-25(V]4

o Transponderset AN/UPX-28(~)2

o Radar test set AN/UPM-137A

interrogatoris associatedwith the MK 92 ~CS c~bineclantennasystem (CAS)and
otherwith the AN/SPS-64(V)radar antenna. IFF video decodersare providedon
consolesin CTC to actuat’ethe interrogatorsand presentIFF returns.

—

—

A crypto-computeris providedwith each of the two interrogatorsand the transpon-
der. The crypto-computercontrolsencodingof transponderresponses,interrogator
inquiriesand decodingof interrogatorreturnsto implementthe crypto-secure
identificationfeatureof the AIMS MK XII..

— The activevideo decoders~equiresynchronoussweep data from the associateddisplay
for properoperation. A standardInterfacewouldbe employedfor the video decoders
mountedon the AN/UYQ-21(V)consoles.

—
The AIMS transpondergyoup consistsof the AN/UPX-28(V)2TransponderSet with the
associatedC-628Z/APXcontrol. It uses a omnidirectionalantennafor receiving
interrogationsand transmittedresponses. A radar test set having a separateAS-

— 177B/UPXantennais used to test the TransponderSet. The transponderoperationis
automaticwhen enabled,exceptfor the suppressiongates to preventthe transponder
from replyingto ownshipinterrogations.

5.6.2.3 CountermeasuresSet AN/SLQ-32(V)

CountermeasuresSet AN/SLQ-32(V)2is a shipboardsystemdesignedto provideElectro-

nic SupportMeasures(ESM),automaticsignalprocessingand analysisand Electronic
Countermeasures(ECM)capabilities.The systemcan detect,identifyand measure
directionof arrivalfor RF emittersin the frequencyrange of 0.6 to 17G Hz. The

—

—

—

systemincorporatesa
and the trackhistory
matic, semi-automatic
controlfor the Decoy
on the console. This

displayconsolewith a polar situationdisplayof emitters
of emitterswhen requested. The systemcan operatein auto-
or manualmodes. The operatorsalso providethe primary
LaunchingSystemMK 36 MOD 1 througha firingpanel mounted
systemis pictoriallylaid out in Figure5.6-2.

5.6.2.4 Command,Controland Communications[C3)

The Command,Controland Communicationselementsof the CSES Combat Systemconsists
of equipment,softwareprograms,operator,operationsand proceduresassociatedwith
the collectionand evaluationof combatinformationand sensordata, dissemination
of targetswith engagementordersto the weapon systems. The primary”functionof
C3 is coordinatingall ship’sresourcesinto an integratedcombatsys~em. C3 pro-
vides Commandthe capabilityto assessand evaluatetacticaldata on an orderly
basis,make logicaldecisionswith regardto the currentthreatenvironment,and
exerciseeffectivecontrolover the combatsystem.
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The principalcomponentsof Command,Controland Communicationare the display
group,computerprocessingsystem,.ships supportequipment(navigation,ship’s
data),and communication(external,internal).

5.6.2.4.1 DisplayGroup

The DisplayGroup consistsof displays,supportequipmentsand softwareprograms
which providethe interfacebetweensensors,armamentsystems,data processing
systemand operators. The DisplayGroup includesLJYQ-21displays(Navystandard),
Fire ControlSystemdisplays(MK 92-WCCI),Radar Indicators,CentralEquipment
Group,Radar Switchboards,RadarVideo Processor,SignalData Converter,Common
Data Buffer,Video SignalSimulator,SignalBlankerand a Keyset.

5.6.2.4.1.1 AN/UYQ-21StandardDisplayConsole

The StandardDisplayConsolecan accommodatea varietyof entry
types for tailoringto the requirementsof a given application.
are made up of a numberof standardpanels.

5.6.2.4.1.2 MK 92 - WeaponControlConsoIe (WCC)

and controlpanel
The configurations

WeaponControlConsole (WCC),part of the FCS MK 92 MOD 1, providesthe air and
surfaceoperato’rfunction. An A-scopeprovidesthe capabilityto monitorthe
acquisitionand trackingof air targetsalongwith markersshowingminimumand
maximumfiringranges for targetbeing tracked. The operatoralso makes target
kill or survivalentriesas appropriatefor air engagements. The surfacetrack-
while-scanoperatoris responsiblefor the detection,trackingand engagingsurface
targets. The operatorperformskill assessmentsalongwith controlof HARPOON
Control-IndicatorPanel. A B-scopeprovidesfor monitoringsurfacetracking.

The PPI providessimultaneousdisplayof radar video, IFF data, and track symbols.
Radar video is selectablefrom the MK 92 radar or AN/SPS-64surfacesearchradar.
See Figure 5.6-3for a diagramof the completeMK 92 Mod 1 systemwhich is further
discussedin 5.6.2.8.

5.6.2.4.1.3 Radar Indicator

A Radar Indicator(AN/SPA-25)providesa two coordinatedisplayof targetsdetected
by the selectedradar source. The radar indicatoris physicallylocatedin CIC,
and providesa rangevariationfrom 1 to 300 miles.

5.6.2.4.1.4 CentralEquipmentGroup (CEG)

The CentralEquipmentGroup (CEG)is normallyused with a UYA-4 DisplayGroup. The
AN/UYQ-21DisplayGroup requiresa similarequipmentfor sensordata conversionand
providesa good conceptualrepresentationof the space,weight and cost required.

5.6.2.4.1.5 Radar Switchboards

The DisplayGroupuses a Radar Data DistributionSwitchboardand a Radar Signal
DistributionSwitchboard. The RadarData DistributionSwitchboardprovidesfor the
selectivedistributionof radarand IFF/STFdata from the ship’ssensorsto the

—
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consolesof the displaygroup. Each displayconsoleoperatorcan selectthe data
sourcehe wishes. The Radar SignalDistributionSwitchboardis used to distribute
radar and IFF/SIFdata to the radar indicatorsAN/SPA-25and the FCS MK 92 MOD 1
WCCI console,and the adaptedcollisionavoidancesystemAN/SSQ-87(V). -

5.6.2.4.1.6 RadarVideo Processor(RVP)

The RadarVideo Processorprovidesfor the processingand data transferrequiredto
presentcompositevideo to the displayconsoles.

5.6.2.4.1.7 SignalData Converter(SDC)

The SignalData Converter(SDC)providesthe conversionof analogship parameter
data to a digitalformatfor entry into the computer. Targetbearingand elevation
is also convertedfrom a digitalformatto analogform in designationto weapons.
The SDC is also used to multiplexlow bandwidthdata inputsto the computer.

5.6.2.4.1.8 CommonData Buffer (CDB)

The CommonData Buffer (CDB)is used to distributedata from multiplecomputersto
multipledisplaygroup channels.

5.6.2.4.1.9 Video SignalSimulator(VSS)

The Video SignalSimulator(VSS)is used to test, calibrate,and determinesystem
accuracyof displayequipmentand theiroperatorsby simulatingtacticalsituations
under computercontrol.

5.6.2.4.1,10 SignalBlanker

The SignalBlankerpreventsinterferencefrom occuring
and the EW system. The unit disablesthe EW receivers
mission.

5.6.2.4.1.11 Keyset

The Keysetis used by the EW operatorin

5.6.2.4.2 ComputerProcessingGroup

The ComputerProcessingGroup includesa

betweencombatsystemsensors
duringactiveradar trans-

enteringEW contactdata into the computer.

singlebay AN/UYK-7generaltmrposecomtm-
ter, Input/OutputCons;le,CartridgeMagneti~Tape-Unit,Comb~tSyste~S~itchboaid,
ComputerControland ComputerLogicUnit Test Set.

The Commandand Control (CGC)softwarefor the CSES performsthe coordinationof
the combatsystemelements. Data is maintained,evaluatedand disseminatedby the
CGC softwarefunctions. These functions,which are describedbelow,may exist as a
separatemoduleor severalmay be combinedinto singlemodulesdependingupon the
philosophyof the final design.
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S.6.2.4.2.1 Commandand Control (CGC]Software

The C&C softwareconsistof programsexecutedin the singlebay UYK-7 computers.
The computerprogramhas an executiveand supportfunctionmoduleproviding
initialization,scheduling,interruptprocessing,1/0 handling,errorprocessing,
intercomputerdata processing,peripheraldata processing,andconsolidatingcommon
data,mathematicalfunctionsand conversionroutines.

The followingfunctionsare providedby the Commandand ControlSoftware:

a. Tracking

b. ThreatEvaluationand WeaponAssignment(TEWA)

c. Engagement

d. Display

e. Ownshippositionkeeping

f. RADARVideo Processor(RVP)

g* LINK 11

h. Electronic”Warfare(EW)

S.6.2.4.3 AN/UYK-7Computer(1 Bay)

The singlebay UYK-7 Computerconsistsof the followingmodules:

CentralProcessorUnit - Processesand executesinstructions

MemoryUnit (Three,each of 16, 384 words of 32 bits each) - Storageof
data and instructions

Input/OutputController- Controls1/0 transferbetweenperipheralsvia
1/0 adapter

Input/OutputAdapter- Interfacesthe 1/0 Controllerto the peripherals

Power Supply- Providesoperatingpower

OperatorPanel - Full localcomputercontrolfor monitoringand test
purposes.

5.6.2.4.4 ComputerControlPanel

The ComputerControlPanelprovides

—

. .

—

-,

-,

—

—

-.

remoteoperationalcontrolof AN/UYK-7computer.
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S.6.2.4.5 ComputerLogicUnit Test Set

The test set providesa means of monitoringand exercisingthe computerfor oper-
abilitytesting. It also providesfaultisolationduringmaintenance.

5.6.2.4.6 Input/OutputConsole

The Input/OutputConsoleis
abilities:

Teletypekeyboard

Paper tape reader

a OJ-172. It

and printer

and punch

,, .

providesthe followingInput/Outputcap-

Magnetictape recorder/reproducer

5.6.2.4.7 CartridgeMagnetic”Tape’Unit”(CMTU)

The CartridgeMagneticTape Unit (CMTU)is used for storingthe operationalprogram,
data bases and off line systemmodulesas required.

5.6.2.4.8 CombatSystemSwitchboard

The CombatSystemSwitchboardconsistsof three functionalsections: Power Distri-
bution Section,a DigitalSwitchingSectionand a Controland StatusSection. Each
sectioncontainsappropriateelectrical.electronichardwarerequiredto supportits *
associatedfunction.

5.6.2.5 Ship~sSupportEquipment

The Ship?sSupportEquipmentconsistsof

5.6.2.5.1 NavigationEauiDment

navigationaland ship’sdata equipment.

The NavigationEquipmentconsistsof the SatelliteNavigation(SATNAV),AN/WRN-5
Dead Reckoning(DR)system,EM Log and gyro compass. -

5.6.2.5.2 SatelliteNavigation(SATNAV)

The SatelliteNavigationsystem, which is a world-wideall-weathersystem,provides
the CSES with the capabilityof obtainingaccurateperiodicfixes (hourly,day or
night).

5.6.2.5.3 Electromagnetic(EM) Log

The Electromagnetic(EM)Log equipmentconsistsessentiallyof a rodmeterand indi-
cator transmitterby which ship’sspeedis provided.

5.6.2.5.4 Gyrocompass

The AN/WSN-5Gyrocompassprovidesown ship headingand positionto the navigation
system,and a dead reckonedpositionindependentof outsideassistanceat all times.
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S.6.2.5.S Ship’sData Equipment

—
The Ship’sData Equipmentconsistsof the--Gyrocompass (previouslyidentified),Wind
MonitoringEquipment,and Depth IndicatoT. The Gyrocompassprovidesroll and pitch
data for stabilizationof Surveillance,Fi’reControlequipmentand the ship control
system. The Wind MonitoringEquipmentprovideswind directionand speedto respec-
tive indicators.

5.6.2.6 Communications

The CSES communicationequipmentconsistsof externaland internalcommunication
systemswhich providecommandthe capabilityto carryout the ship’sassigned
missions.

5.6.2.6.1 ExternalCommunication

The ExternalCommunicationsystemprovidesthe exchangeof informationbetweenown
ship and other ships,aircraft,shore stationsor shorebasedunits. The Communica-
tion systemincludesvisualmeans, RadioTeletype(R-ATT),RadioTelephone(non-
secureand secure)and RadioNet for externalcommunications.The VisualMeans of
communicationincludesflaghoist,semaphoreand flashinglights. Visualmeans are
generallymost used duringdaylighthours. The RadioTeletypecommunicationsystems
sendsand receivesmessagesfn radio central. The systemsconsistof Simplex,Dup-
lex and Broadcastchannelsas required. -TheRadio Telephonesyste~sprovidevoice
(non-secure,secure)communicationsin HF, VHF and UHF frequencybands. These SyS-

~tems are the primarymeans of externalcommunicationsbecauseof their convenience,
speedand simplicityof operation. The AutomatedRadioNet (LINK11) is an organi-
zationof two or more stations’capableof directcomputerto computercommunication
on a commonchanneland being controlledby one of the stations. Table 5.6-ipro-
vides a set of requirementsand a typicalinstallationis providedin Figure5.6-4.

5.6.2.6.2 InternalCommunication

The InternalConum.micationsystemsprovidethe exchangeof informationbetweentwo

.

.-J(

—

—

or more stationswithina ship. ~~ communicationsystemsconsistof the following: —,

a. Sound-PoweredTelephones. The Sound-PoweredPhone Systemlinksstations
throughouta ship, such as ship control,weaponscontrol,bridgeand
lookouts.

b.

c.

d.

DiaI Telephones. The Di’aITelephoneSystem,which is primarilyan admini-
strativecircuit,providesselectedcommunicationamong the ship stations,
and when in port; ~etweenthe ship and the shore system. The systempro-
vides directcontrolto the callingstatf.on.

I’nter-COmmunication(Intercom]System. The IntercomSYstemprovidestwo-
way communicationbetweenstations. The CombatInformationAnnouncing
System (’Circuit20MC),and Captain’sCommandAnnouncingSystem (Circuit
21MC)would be”ins-tailed.

GeneralAnnouncingSystem. The GeneralAnnouncingSystemis used to
broadcastinformationto a numberof stationssimultaneously.

—

—

—
.,

—

5-62

. .



I i I 1 i

--------------------- . .

E( -
----

“ TOPSIOE

RADW
EAUIPMEWI’ RWkl

COMMUNICATIONS
CENTER

COMEAT
lNFOfiMATWN
CENTER

I I

=..::
,.;-

1
, I

FI(IUFIE6,84

EXTERIORCOMMUNICATIONSYSTEM

..-. .-— ._ -— -----—— .. -----— .._—__ —--- -. 5-63

-------- .-, .



—

.

—

—

.-

—

--

—

-.

.

—

-—

—

.

e. Closed-CircuitTelevision. The Closed-CircuitTelevisionSystemis used
to transmitvideo from the”HELOplatformto a TV monitorin the bridge.

EXTERNALCOMMUNICATIONREQUIREMENTS

RADIOTRANSMITTING/TRANSCEIVER’FACILITIES

2.0 - 30 MHZ All Emissions(lKW)
115 - 156 MHZ A3
156 - 162 MHZ F3
225 - 400 MHz A3/F3
225 - 400 MHZ SatelliteTransceiver

RAt)IO”RECEIVING FACTLITIES

0.5 - 30 MHZA1, AZ, A3, F1
2.0 - 30 MHZ All Emissions”
115 - 156 MHZ A3
225 - 400 MHZ SatelliteBroadcast

TERMINALSYSTEMS
11 !?13-
11 11c-
1! 11G-
?1 ?!N-
?1 11R-
!Ist!

“w’ -

Link 11 -
Link 14 -

SC SimplexAFTS RA’IT
DuplexAFTS RAIT
SC DuplexRFCS RA’TT
MC BCST AFTS RATT (4 CHANNEL)
V/UHF SC SecureVoice (Wideband)
HF SC SecureVoice (Narrowband)
SC SimplexAFTS/RFCSRATT (Non-secure)
UHF SatelIiteSecureVoice (Narrowband)
NTDS (SGW)
SC BCST RFCS RATT NTDS (Receive)(SGW)

SPECIAL’FACILITIES

Q!EwIz

2
1
1
4
1

1
2
1
1

1

1
1
1
3
1
1
1
1
1

Relay Device 1
ManualMessageHandling 1
AN/URQ-23FrequencyStandard 1
Css 1

TABLE 5.6-i

5.6.2.7 HazmoonLaunchers

Two HARPOONcanisterlaunchersare to be installed. Each launcheras shown in
Figure5.6-5 containsfourHARPOONmissiles.

5.6.2.8 Fire ControlSystemsMK 92 MOD 1

The MK 92 Mod 1 is a lightweightgunfirecontrolsystemwhose functionsincludeair
and surfacetargetdetectionand tracking,identification,and engagementwith the
76mm/62Gun MountMK 75. The systemincludesthe componentsillustratedin Figure
5.6-3.
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The combinedantennasystemincorporatesa threecoordinateair trackingradar
antenna,a two coordinatesurfaceor low altitudeair trackingradar antenna,and
directionaland omni-directi’onalantennaof the AIMS MK XII’I’FFsystem.

The WeaponControlConsole (WCC)has PPI, A scope,’andB scopedisplaysfor “target
video,an evaluationdisplayand keyboardfor targetinformationdisplayand a
controlpanel for radar and weapon control. The singlebay AN/UYK-7computerand
DEAC are part of the centralcomputersystemdescribedpreviously.

The FCS MK 92 MOD 1 providesone air engagementchannel,two surfacetrack-while-
scan engagementchannels,and gun control. IT has a limitedcapabilitywith one
surfacechannelto engagenon-radartargetsusing dead reckonor grid-reference
modes.

5.6.2.9 76mm/62Gun Mount MK 75

The MK 75 gun mount shown i’nFigure 5.6-6 includesa water cooled76mm~62caliber
gun, fiberglassshield,an automaticloader,automatichoist. and open below decks
magazine.‘It is controlled
serviceand test ammunition
projectiles.

5.6.2.10 CIWS MK 15 MOD 1

by the FCS MK
includingIR,

92 MOD 1, and can fire se~eraltypes
radarproximityand point detonating

of

CIWS MK 15 MOD 1 is an autonomousweapon systemthat providessearch,detection,
declaration(threatevaluation),acqu~sition,track,firingand targetdestruction.
CIWS uses closed-loopspottingto simultaneouslymeasureboth the target location
and the relativeprojectileIocati’on..andupdate the fire controlsolutionto reduce
any differenceto zero. In this way, CTWS automaticallyand continuouslydirects
the streamof projectilesonto the targetthroughoutthe firingperiod. CIWS MK 15
MOD 1 is composedof the major componentsshown-inFigure

S,6.2.11 Decoy Launching Sys~em MK 36 MOD 1

The Decoy LaunchingSystemMK 36 MOD 1 is a deck-mounted,
countermeasuresystemused againsta varietyof threats.

5.6----

mortar-launched,chaff
The Purposeof the system

is to project chaff aloft at-specifi’ed distances from a ship for the purpose of con-
-A

fusing enemy guidance and fire control systems. operationally, the launch system
is controlled from a special panel on the AN/SLQ-32[V), and is dependent upon infor-
mation provided by the ship’s detection and threat analysis equipment.

The systemshown in Figure5.6-3 consistsof two deck-mountedlaunchers,each with
its own power supply,two bridge controlpanels,and a mastercontrolpanel in CIC,
Energizingand firingis usuallydone from the master controlpanel;however,the
bridgecontrolpanel providesdisplaysfor loadingand maintenanceand is capable
of firingin an emergency. A ready servicelockerwith a capacityof 20 chaff
roundsIs providedfor each launcher.

The ASMD/EWDecoy LaunchingSystemMK 36 MOD 1 is operatedvia the AN/SLQ-32(V)Dis-
play and ControlConsole(CIJ-446/SLQ-32(V)).The authorizationto dispatchchaff
dependson the informationprovidedby the ship’sdetectionand threatanalysis
equipment. The Decoy LaunchingSystemalso has bridge launchingcontrolfor emerg-
ency deploymentof chaff.
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5.6.2.12 AircraftSystems

Severalaircraftmay be accommodatedfor landingand fuelingon the CSES:

SIKORSKYSH-60B (WS III)

w SH-2F (WS I)

SIKORSKYSH-3H/3D

WESTLANDLYNX HAS MK 2

5.6.2.13 Ship ControlSystem (SCS)

The SCS providesthe means for initiationand controlof ship maneuversfrom the
PilotHouse and for the engineeringplant monitoringand controlfrom the Central
ControlStation (CCS). Certaininteriorcommunicationssystemsare integralwith
this conceptincluding:

a. Tank level indicators

b. Equipmentmonitors

c. Salinityindicators

d. Warningand alarms systems

5.6.3 CombatSystemWeightsBreakdown

Combat Svstemwei~htsare presentedin Table 5.6-iifor SWBS Group 400, Table 5.6-.
iii for SWBS Group 700 and’Table5.6-ivfor VariableLoads.

WEIGHTOF COMBATSYSTEM - SWBS GROUp 400

SWBS ITEM WEIGHT LT 1

410

420

430

440

450

460

470

480

490

CommandG Control

Navigation

InteriorCommunication

ExteriorCommunication

Surveillance(Surface)

Surveillance(Underwater)

Countermeasures

Fire ControlSystem

SpecialPurpose

2.44

1.08

1.58

4.18

.34

.12

2.28

3.73

1.80

TOTAL COMBATSYSTEM 17.55

—

6-

—

—

d

—

—

—

—

TABLE 5.6-ii

5-69

—.

d

. . .



.

—

—

—

—

-.

-.

.-

.

.

.

—

—

—

—

—

.

WEIGHTOF COMBATSYSTEM - SWBS GROUP 700

SWBS “ ITEM WEIGHT LT

710 Gun Systems 19.79

720 MissileSystems 2.62

760 SmallArms .16

700 Armament 22.73

TABLE 5.6-iii

WEIGHTOF COMBATSYSTEM - VARIABLELOADS

F21 Ammunition 18.5

F25 OrdnanceRepairParts .10

F27 Pyrotechnics 1.54

TOTAL 20.14

TABLE 5+6-iv

5.7 AUXILIARYSYSTEMS

5.7.1 AuxiliarySystemsDescription

The auxiliarysystemsconsistof the machinery,piping,and ductingrequiredto
supportother ship systems. They include,as well as normal ship hotel services,
fluid distribution,fire extinguishing,underwayreplenishment.,mechanicalhandling
and anchorsand mooringsystems.

5.7.2 AuxiliarySystemsArrangement

The majorityof the auxiliarymachineryis locatedin the sidehullsbetweenbulk-
heads 90 and 150. These auxiliarymachineryrooms containmajor functionalequip-
ment such as the fuel distributionmanifoldand pumpingsystems,distillingplant,
sea water pumps, sewagedisposalsystemand air conditioningmachinery. There is
no centralrefrigerationmachinerysince the shipwill be fittedwith electric
refrigeratorand freezerunits.

5.7.3 AuxiliarySystemsCharacteristics

Significantcharacteristicsof the auxiliarysystemsare describedbrieflyin the
followingsubparagraphs.
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S.7.3.1 ClimateControlSystem

This systemconsistsof compartmentheating,ventilationand air conditioning
(HVAC);and machineryspacesventilationand heating.

All cabins,mess deck, lounges,CIC, electronicspaces,offices,commissary,sani-
—

tary, and controlspacesare air conditionedby two outsideair conditionunits,
multizoneunits and room terminalunits (hton Kaeser). The air conditioner
machineryis locatedin the auxiliarymachineryroom.

—

All air conditioneds~acesare heatedby means of electricresistanceheaters
includedwithin the terminalunits. All other spaceswill be heated eitherby in- —

dividualunits or units incorporatedin the ventilationducting.

Machineryspaceventilationfor the main propulsionand auxiliarymachineryrooms
will be independentof the primaryventilationsystem.and will be providedby the
lift systemsintakevalvingand by electricfans when the lift systemis not in
operation.

Below the main deck, ductswill have watertightclosuresat main transversebulk-
heads and at penetratingpoints in the main deck.

S.7.3.2 SeawateTSystems

A combinedfiremain,sprinklerand dieselenginecoolingsystemis providedby eight –
210 gpm, 150 psi pumps, four in each sidewall. Each has its own sea chestand pump
riser leadingto a commonring main on the wet deck with branchesto the super-
structure,helicopterlandingarea, and to the machinerydeck. Coolingwater for
the dieselenginesand heat exchangeris taken from the pump risersat the machinery
flat level. This arrangementprovidesfor the magazinesprinklingsystemalso.

AcqueousFilm FormingFoam (AFFF)to extinguishflamableliquidsfire is provided
—

in the machineryand auxiliaryroom spaces. AYFF outletsat the helicopterlanding
area are providedin accordancewith HelicopterFacilitiesBulletinNo. lc.

—

The systemalso includesthe plumbingdrainagefrom sanitary,foodpreparation,and
other spacescontainingplumbingfixtures.

5.7.3.3 FreshWater Systems

Freshwaterproductionand stowageis sized for a 33 man crew. The systemalso pro-
vides for windowwashing,76mmgun flushingand gas turbinewashdown. Two desali-
nators,vapor compressiontype distillers,with a capacityof 600 gallonsper day
each are provided. Hot water is providedby electrichot waterheaters.

—

Freshwater stowagetanksof 1200 galloncapacityare providedfor domesticuse and
additional500 gallontankageis providedfor gas turbinewashing.

—

—
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5.7.3.4 Fuels and LubricantsSystems

The fuel systemprovidescontrolof the fuel distributionin the shipfsstorage
tanks,togetherwith purificationof and deliveryto the fuel consumingmachinery.
The systemis designedfor use of dieselfuelmarine (DFM),althoughJP-S is inter-
changeableand can be used. The systemis controlledfrom the CentralControl
Station. The ship’sfuel systemconsistsof two electrically-drivenmain fuel pumps
with filtercoalescersystemsfor processingfuel taken from the storagetanks and
transferredto the clean fuel oil servicetanks. Fuel taken from servicetanks is
deliveredto each engineby an engine-dedicateddeliverypump.

The main fuel pumps are also used for fuel transferbetweenstoragetanks for ship
trim controlpurposes. Appropriatevalvingprovidesfor directtransferwhen the
pumps are functioningin this mode.

AviationJP-S for helicopterrefuelingis storedin dedicatedtankageof 10 ton
capacity. Separateservicetank,pump and filterseparatorsare also providedin
accordancewith HelicopterFacilitiesBulletinNo, Id. A connectionfrom the avi-
ationJP-5 systemis providedfor emergencytransferof JP-5 to the ship fuel
servicetanksby means of the ship fuel transfersystem. A lockedclosedstop-check
valve and a lineblind valve are used at this connection.

Contaminateddischargefrom the filterdoalescersystemsis deliveredto a waste
oil tank for subsequentdischargeto a disposalservicefacility. An oil and water
separatorensuresthat condensateof seepagewater dischargedoverboardsatisfies
environmentalrequi~ements.A s-trippingsystemis providedwith serviceto all
fuel tanks.

There are dedicatedlubrication~ystem~for: :

a. Each gas turbine;

b. Each dieselengine;

c. Each pair of propulsionreduq~i’ongear and propellershaftbearingsets;

d. Each set of lift fans

Oil coolingis providedby heat
water system.

and lift transmissions.

exchangerswith coolingwater suppliedfrom the sea-

5.7.3.5 Air, Gas and MiscellaneousFIuids

The air, gas, and miscellaneousfluidsystemsconsistof low pressurecompressed
air, high pressurecompressedair, fire extinguishingand hydraulicfluid systems.
The ship’sserviceair systemis providedby an electricallydriven125 psi air
compressor,whichhas its own associatedfilter,dehydrator,and accumulator
elements. Distributionis providedto each deck,machineryspaceand the workshop,

Startingair for the main propulsiongas turbinesis providedby two auxiliary
power units situatedone each in the port and starboardmain propulsionmachinery
spaceswhich are crossconnectedfor redundancy(dieselsare electricstart).

.
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Fixed floodingHalon systemsare the primaryfire extinguishingsystemsfor the
propulsion,lift,electricaland auxiliarymachineryrooms. HaIon gas bottles
sufficientto supplya 6 to 7 percentconcentrationby volume for individualspaces
are provided. Halon extinguishingis also providedfor each gas turbinecompart-
ment.

Two motor drivenhydraulicpumps delivernominal3000 psi hydraulicpower to a ship
servicehydraulicsystem. Principlehydraulicusers includethe davits,winches,
anchorretraction,lift systemduct valvingand ride controldevices.

5.7.3.6 Ship ControlSystem

A controlconsoleis providedin’the.pilotHouse that includesthe primarymaneu-
veringcontrolsand displayfor the helmsmanand operatingcontrolsand displays
for conningand monitoringship operationfor the 00D.

Steeringis providedby dualhydraulic-electricsystems,port and starboard,provi-
ding the signalto two hydraulicpumpswhich are sitedaft, one in each sidehull.
The pumps,which are drivenby a continuousrated electricmotor,controlthe two
rudderswith a conventionalsteeringfeedbacksystem.

For emergencyoperation,a secondarysteeringpositionfor each rudderis provided
at the hydraulicpumps;order for steeringanglebeingpassedby soundpowered
telephonefrom the PilotHouse.

Steeringalso can be augmentedby differentialthrustaccomplishedthroughpropeller
reversaland by propulsorspeed control.

5’.7.3.7ReplenishmentAt-SeaSystems—

The CSES is equippedto reswl at-seaas well as transfercargoand personnel.

Refuelingis accomplished,on eitherportor starboardsides,by mearsof a 2 1/2
inch hose rig with saddlesand trolliesand span line suppliedby the fuelingship.
Fuelingrate is 6000 gallonsper hour.

Cargo and personneltransferwill be performedvia highlineriggingfrom port or
starboardside. Interfacehardwareand linehandlingequipmentfor accepting
messengerlines,inhaul linesand the highlineriggingis provided. A lightweight
one-man
rigging

Vertrep

5.7.3.8

platformis installedaft of the mast to serveas a workingplatformfor
connectionsfor cargo/personneltransfer.

is accomplishedusing the helicopterlandingdeck aft of the deckhouse.

MechanicalHandlingSystems

These systems comprise.anchorhandlingand mooringand stowing,

One Danforthanchoris providedwith 900 feet of nylon rope.

—
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A hydrauliccapstanwill handle the anchorline
hoistedusing a davit at the deck edge.

, and the anchorwill be loweredand
The same capstanwill handle the mooring

lines.

5.7.3.9 Boat Handlingand Stowage

Two 25-manand two 7-maninflatableboatswill be stowedon the main deck. one each
portsideand one each starboardside,to
gers. Stowagerackswill be designedto
release.

accommodatethe crew and embarkedpassen-
provideeithermanual or hydrostatic

5.7.3.10 PullptionControl

Sewagedrainageof sanitarywaste is transferredto a GATX evaporator. The solid
contentsof the evaporatoreffluentwill be transferredto a shore facilityor will
be dumpedoverboardwhen at sea.

A compactorwill packagethe domestictrash for disposalin port or sinkableover-
board when beyond the 50-milelimit.

A suitablecommercialtype garbagegrinderis providedfor the galley.

5.7.4 AuxiliarySystemWeight Breakdown

The weightbreakdownof the auxiliarysubsystemsis presentedin Table 5.7-i.

5.7.5 AuxiliarySystemRisk Assessment

Ail.auxiliarysystemsselectedare withinthe presentstate-of-the-art.}40stare
derivedfrom PHM designand applicationto providea soundbasis for performance
and weight estimates. No developmenteffortor technical,riskis envisioned.

5.8 OUTFITAND FURNISHINGS

5.8.1 SummaryDescription

Outfitand furnishingsincludematerial,equipment,and furnishingsnot included
elsewherein the Ship Work BreakdownStmcture, but necessa~ to providehuman
supportand completethe functionaluse of spacesand areas.’Major areas of outfit
and furnishingsare: /

a. Ship Fittings

b. Hull Compartmentation

c. Preservativesand Coatings

d. Spaces- Living”,Service,Working,and Storage

5.8.2 Outfitand FurnishingsArrangements

Figures5.8-1and 5.8-2show plan layoutsfor crew accommodations,workingand
storagespaces. Officersberthingspacesare locatedon the.seconddeck and pTo-
vide quick accessto operationalspaces. Crew livingspacesare arrangedon the
seconddeck and are adjacentto sanitary,messing,‘service,and relaxationareas.
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AUXILIARYSYSTEMSWEIGHT - SWBS GROUP S00

S?VBS ITEM WEIGHT (LT)

511 CompartmentHeating 0.30

512 Ventilation 0.80

513 MachinerySpacesVentilation 0.60

514 Air Conditioning 4.96

521 Firemainand Flushing )
522 Sprinkler 1
523 Washdown )

3.70

524 AuxiliarySeawater )

526 Scuppersand Drains 0.02

528 PlumbingDrainage 1.10

531 DistillingPlant 1.67

533 PotableWater 1.01

541 Ship Fuel G Lube StowageG Handling 1.82

551 CopPressedAir 0.44

555 Fire Extinguishing 2.28

556 HydraulicFluid 2.18

561 Steering 0.27

562 Rudder 0.27

568 Maneuvering 0.15

571 ReplenishmentAt-Sea 0.25

581 Anchor G Stowage )
582 Mooring G Towing )

0.85

583 Boat Handling& Stowage 0.54

593 EnvironmentalPollution 1.01

594 SpecialAuxiliary SupportHardware 0.18

595 AuxiliarySystemsIntegration 1.34

599 AuxiliarySystemParts G Tools 0.38

TOTAL AUXILIARYSYSTEMS 26.12

.

—

.

—

.

—

TABLE 5.7-i
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The pilot house and navigationroomare locatedon the 01 level,the communications
centeris arrangedon the main deck. The CombatInformationCenter (CIC)is situ-
ated on the seconddeck.

Storagespacesfor flammableliquids,spares,provisions,small arms. generaland
ship storesare locatedon the thirddeck. -

. .

5.8.3 Outfitand FurnishingsWeight

Table 5.8-iprovidesestimatedweightsof outfit’andfurnishingsfor SWBS Group
Weightsfor the CoastalSES were derivedfrom outfitand furnishingsas used in
3KSES,the SaudiNaval ExpansionProgram’sPatrolChaserMissile (PCG),and the
PatrolHydrofoilMissile (PHM).

600.
the

—

.

—

—

—
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WEIGHT OF OUTFTT AND FURNISHINGS - SWBS GROUP 600

NBS ITEM WEIGHT LT

611 Hdll Fittings 0.60

612 Rails,Stanchions,Lifelines 0.81

613 RiggingG Canvas 0.15

621 Non-StructuralBulkheads 1.44

622 Floor PlatesG Gratings 0.78

623 Ladders 0.31

624 Non-StructuralClosures 0.51

625 Airports,FixedPortlights,Windows 0.31

631 Painting 2.34

633 CathodicProtection 0.04

634 Deck Covering 1.02

635 Hull Insulation 2.44

637 Sheathing 1.25

638 RefrigeratedSpaces 0.46

641 LivingSpaces- Officer 1.26

642 LivingSpaces- CPO 1.0

643 LivingSpaces- Enlisted 1.58

644 SanitarySpaces& Fixtures 1.70

651 CommissarySpaces 2.90

652 MedicalSpaces 0.17

655 LaundrySpaces 0.20

661 Offices 0.10

662 MachineryControlCentersFurnishings 0.06

663 ElectronicsControlCentersFurnishings 0.06

664 DamageControlStations 0.91

665 Workshops ?

671 LockersG SpecialStowage 0.20

672 Storerooms& IssueRooms 2.30

698 OperatingFluids 0.10

699 RepairParts

TOTAL OUTFIT G FURNISHINGS 25.0

TABLE 5.8-i
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6. MANNINGAND HABITABILI~

6.1 MANIWNGCONCEPT

—

—

—

—

—

—.

The operationalmanning
mum shipboardmanning.

objectiveof the CoastalSES (CSES)is directedtowardmini-
Organizationaland intermediatemaintenancerequirementsas

well as logisticand administrative-supportfunctionswill be performedby a separ-
ate Maintenanceand LogisticSupportGroup (MLSG). The on board personnelwill
performprimarilyoperatorfunctionsbut are requiredto be of a sufficientlyhigh
skill (rate/rating)levelso as to be capableof effectingminor operationalrepairs
to safetyand missionessentialequipment. The primaryconceptsrequiredto achieve
the minimummanning-objectiveare:

a.

b.

c.

d.

e.

f.

$!.

h.

—

i.

—

—

Adopting

Use of minimumessentialcrew requiredto safelyoperatethe ship’s
systemsand equipmentsconsistentwith the expectedmissionprofile.

Utilizel’state-of-the-art”remoteand automaticoperationof machinery.

Utilizeconditionmonitoringsystemsin missionessentialelectronics
and machinery.

Limit the use of “new” and “unique” equipments.

Adopt standard accepted en~ineering/ship construction techniques and

utilize common ship construction materials.

Defer all maintenance actions for in-port accomplishment by the MLSG.

Installredundantsystemcapacityto minimizemission impactof failed
equipment.

Conducta MaintenanceEngineeringAnalysis (MEA),Levelof RepairAnalysis
(LOR),and ReliabilityCenteredMaintenanceAnalysis (RCM)to identifyand
validatemaintenancerequirements.

Implement a component/inodule ~eplacement strategy for operational and

corrective maintenance and ~epa~rof critical equipments.

an objectiveof minimumoperationalmanningrequiresunderstandingand
acceptanceof manpower/watchstation’utilizationwhich does not conformfullywith
standa,rdNavy manningpolicy,practiceand some “traditionalrequirements”.Example
of this are:

a. Assignmentof one lookoutvice two for ConditionIII watches.

b. Using one Signalman(SM]on

Acceptanceof theseproceduresis not
of trade-offssuch as cost, endurance
evaluatedin follow-ondesignstages.

an on-callbasis for ConditionIII.

withoutprecedence. However,an evaluation
(personnel),and safetywill be further

6-1
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The preliminaryshipboardorganizationis shown in Figllre6.1-1. ProjectedCondi-
tion I and III watchstationsare shown in Tables6,1-iand 6.1-ii. Table 6.1-iii
providesthe variableloadsweight estimate.

E
I I

0s1
0s2
F?Ml
RM3
MS1
MS3
SM2
SK2
SK3
SN
SN

Officers- 1

Enlisted- 12

TOTAL: OFFICERS- 5

ENLISTED- 28

I

WEAPONS
OFFICER
(LTJG) F

FTGC
FTG2
GMG1
GMG2
ET1
EW2
BM1
SN
SN
SN

Officers- 1

Enlisted- 10

SHIPBOARDORGANIZATION

FIGURE6.1-1

ASSISTANTENGINEERING
OFFICER
(ENS)

ENC
EN1
EN2
EN3
EMl
IC1

Officers- 2

Enlisted- 6

—,

—

—

—

—

—

—
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CSES CONDITIONI WATCHSTATIONS

SHIP CONTROL

1. CommandingOfficer
2. Ship ControlOfficer (SCO)
3. Ship ControlPetty Officer (SCPO)
4. Navigator
5. Signalman
6. Lookout
7. Lookout

INFORMATIONCONTROL

8. TacticalAction
9. CIC Supervisor
10. Radar Operator

Officer (TAO)

11. ECM ConsoleOperator
12. Radio Supervisor
13. Radio Operator

WEAPONSCONTROL

14. WeaponsLiaisonOfficer (WLO)
15. 76mm ConsoleOperator
16. 76mm Ammo Handler
17. 76mmAmmo Handler
18. MK 92 FCS EngagementController
19. MK 92 MissileControlConsole

Operator

I“CENTRALCONTROLI
: 20. EngineeringOfficerof the Watch
1 (EOOW)
: 21. AssistantEOOW (AEOOW)
~ 22* Engine/AuxiliaryWatch

~DAM4GECONTROLI
~ 23. DamageControlAssistant(DCA)
~ 24. DC Plotter
; 25. RepairParty Leader
: 26. Scene Leader
27.! Investigator/OBA

: 28. - Nozzleman/OBA
t 29. No. 1 Hoseman
, 30.: No. 2 Hoseman
: 31. ElectricalRepairman
; 32. Repairman
: 33. Repairman
I
III
iI
I
II
II
I

TABLE 6.1-i

CSES CONDITIONIII WATCHSTATIONS

SHIP CONTROL fWEAPONSCONTROL

1. Sco ; 7. CIWS ConsoleOperator
2. SCPO
3. Lookout ~CENTRALCONTROL

INFORMATIONCONTROL ~ 8. EOOW
: 9. SoundingG Security

4. CIC Supervisor I
5. Radar Operator

I
I

6. Radio Operator
II

Total ConditionIII Requirements

WATCHSTATIONS(3 X 9] 27
co G Xo 2
SUPPORT 4

.
TOTAL 33

TABLE 6.1-ii
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VARIABLELOADSWEIGHTESTIM4TE*

PERSONNEL POUNDSPER MAN

Officers 400,
CPOS 330
Enlisted 230

WeightAllowances(CrewG Effects)

PERSONNEL QTY WEIGHT

Officers 5 2,000
CPOS 3 990
Enlisted 25 5,750

—
33 8,740 LB = 3.90 LT

WeightAllocationfor Provisions,PersonalStores,and GeneralStores

PROVISIONS POUNDSPER MAN PER DAY

Dry 3.20
Freeze 1.11
Chi1I 1.65
ClothingG Small Stores .07
Ship’sStore .08
GeneralStores 1.06

7.89

For 5-DayMission:

33 Men x 5 Days x 7.89 LBS/MAN/DAY= 1,302LBS

= 0.58 LT

*In accordancewith Naval ShipsTechnical14anual1 14arch1974,
Chapter9290

6.2 HABITABILITY

Preliminarydesign
thisphase for the

Paragraph173.1

TABLE 6.1-iii

of habitabilityarrangementsfor the CSES was performedduring
purposeof establishingand evaluatingarea and volumerequire-

ments-andinvestigatingthe impactof sizingon auxiliaryequipmentsand outfitand
furnishings. Generalhabitabilityarrangementswere preparedutilizingrequirements
identifiedin OPNAVINST9640 of 13 October1979. The GeneralArrangementsare
depictedin Figures5.8-1and 5.8-2. The designgoalsand considerationswere as
follows:

—

—

—

—

—

—

—

—

—

—

—

—
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a.

b.

—

c.

d.

e.—

—

—

—

.

—

—

—

Providecomfortableand utilitariancrew accommodations.

Providelogicaland functionalarrangementof working
spaces.

Allocatesufficientspacefor the ship’ssubsystems.

and machinery

Providefor optimumutilityof the communicationsystemsand weapons
systems.

.

Providethe abilityto limitprogressiveflooding.

Key elementsof the ship’sarrangementas they relateto these five areas are dis-
cussedbelow.

a. Crew Accommodations.Crew livingspacesare locatedamidshipin the out-
board compartmentsan the seconddeck. This locationis good for noise
isolation-andis adjacentto sanitary,serviceand relaxa~ionareas.
Officerberthingareasare locatedalso on the seconddeck inboardand
provideready accessto operationalspacesas well as messingand lounge
areas.

b. WorkingSpaces. The ship~soperationalstationsand workingspacesare
locatedto providea degreeof isolationfrommessingand berthingareas.
The pilot house,CTC, communicationscenterand officespacesare arranged
to allow for functionalseparationwhile retainingthe convenienceof
adjacency. Engineeringspaceshave been locatedfore and aft in the side-
hulls for noise levelconsiderations,functionalrequirements,and
centralization.

c. Locationof Ship’sSubsystems. Figures5.8-1and 5.8-2show the location
of major subsystems. Some key featuresof this arrangementare (1) the
locationof engineeringsystemsin the sidehullswith the exceptionof
auxiliaryareas on the 2nd deck; (2) consolidationof ship’smachineryon
the thirddeck to isolatenoise sources;(3) full utilizationof sidehull
space for provisions,spareparts,and generalstowage;and (5)reserved
space for additionof futuresystems.

d. Commandand Control. The view from the pilot house is maximizedin all
quartersto supportship control. The locationof the Close-inWeapon
System (CI’WS)offersmaximumweapon arcs-of-fireand isolation(andhence
safety)for ship’spersonnel. The adjacencyof the commandspacesallows
swiftand efficientpassagebetweencompartments.Most antennaewill be
locatedon the singlemast, reducingthe hazard from electromagnetic
radiationwhile providingmaximumcoverage.

e. FloodingPrevention. The transverseand longitudinalwatertightbulk-
heads are spacedto limitfloodingcausedby hull damage. The primary
transversewatertightbulkheadsare 10, 30, 60, 90, 120 and 150. The
watertightlongitudinalbulkheadsare the longitudinalbulkheads9 feet
outboa~dof the centerlineto port and starboard.

.

—

6-5



—

7 LOGISTICS”CONSIDERATIONS

.

7.1 MAINTENANCEAND MAINTAINABILITYCONCEPT

— The ship systemincorporatesprovisionswhich maximize equipmentutilizationand de-
fer requirementsfor at-sea maintenance to in-port accomplishment. The maintenance

conceptfor meetingthe objectivesand availabilitygoal of the CSES is to: (1)per-
— form limitedoperationaland corrective maintenance on critical equipments only and

program other maintenance for in-port availabilities. This concept de-emphasizes

maintenance at the organizational (shipboard) level and emphasizes an organizational

/intermediate level role by theMaintenance and Logistic Support Group (MLSG).—

For designpurposes,particularemphasiswas given to: (1)maximumuse of existing
equipmentitemsto permituse of standardmaintenance procedures and supply support;—
(2) use ofperfo~mance and condition monitoring for detecting failures in critical

equipments; (3) provision for equipment accessibility to support a component and
module replacement strategy; and (4) provision of redundant systems to minimize

. impact of single system failures. The replacement strategy includes scheduled

replacement, replacement on condition, and replacement at failure depending on the

subsystem and equipment criticalities.
—

Major maintenance actions will be accomplished by the MLSG and ashore maintenance

activities during periodic upkeep and maintenance availabilities in accordance with

ship’utilization schedules. The5e maintenance activities will perform all facili-—
ties maintenance (FM], preventive maintenance (PM), and.corrective maintenance (CM),
that is beyond the capability of ship personnel.

— Built-intest equipment(BITE)will be used for criticalship electronics and con-

trol system. Mechanicaland electronictest equipmentwill be providedfor (other)
systemmeasurements. Specialpurposetoolsand test equipment.aswell as standard

— toolswill be providedas ship’stool items.

No personnelwill be assignedfor the solepurposeof performingmaintenance.
Operationalmaintenanceperformedby the crewwill be in accordancewith the ship—
systemsoperationalmaintenancerequirements. Conditionmonitoringequipmentwill
be installedin missionessentialsystems. Correctivemaintenanceactionswill be
performedto maintainsafetyand missioncriticalequipmentin an operationalstate
and will be accomplishedthroughreplacementof defectiveor degradedsubassemblies
within equipmentsor throughreplacementof the equipmentsthemselves. Arrangement
designwill ensureadequateaccessibilityto equipmentsfor maintenancewithout

. necessitatingsecondarystructurerip-outor equipmentremoval.

Regularoverhaulsare to be minimizedby intensiveuse of the upkeepperiodsas
maintenanceavailabilities.Dry-dockingwill be accomplishedprimarilyto provide—
for major emergencyrepairsand ship alterations. Equipmentremovalrouteshave
been establishedfor transverseand verticalmovementsof largeequipments,such as
propulsionand lift enginesin order to precludestructuralrip-outsor removalof.
other equipments.

—
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Employmentof a replace-before-failuremaintenancestrategyin conjunctionwith a
reducedmanningphilosophyrequiresthat a significantnumberof equipmentsbe
removedfor rotablepool replacementand off-shiprepair/refurbishment.The mann-
ing conceptis discussedin Section6.1 of this report.

—

—

7.1.1 Levelsof Maintenance

The CSES MaintenanceConceptemploysthree levelsof maintenance- organizational,
intermediate,and depot. These maintenancelevelsare summarizedand discussed
below.

—

a. Organizational-LevelMaintenanceis the routinemaintenancethatwill be
performedby the MLSG assistedby the CSES crew. Certainorganizational
level tasks,such as dailyPM actionsthat cannotbe scheduledfor inport
periodsand emergencymissionCorrectiveMaintenance(CM)actions,will
be performedat sea. Underwaymaintenancewill be performedusing only
the standardtest equipmentand toolsthat will be carriedaboardthe CSES
(in combinationwith BITE). GovernmentFurnishedEquipment(GFE)was de-
signedfor use on shipswith standardmaintenancecapability,and the CSES

—

maintenanceconcepthas been adjustedto accommodatethe maintainability
featuresof these systemsand equipments,primarilyby shiftingorganiza-
tionaltasks to the MLSG in port. The on-boardrepairparts will be

—,

limitedin number and variety. They will consist,for the most part, of
replacingfuses,bulbs, and criticalmodules/parts.

—

b. Intermediate-LevelMaintenanceconsistsof repairof certaindefective
equipmentmodules,and shipboardequipmentmaintenanceor repairbeyond
the capabilityof the CSES crew. Intermediate-levelmaintenancewill
normallybe conductedby the MLSG personnel.

—
The MLSG will providediag-

nostic skills,specialskills,specialtools,test equipment,technical
documentation,and othermaintenanceresourcesnot availableaboardthe
CSES. On occasion,it may be necessaryfor MLSG personnelto go aboard

—

to performfault isolationunder actualoperatingconditions. The MLSG
will providecorrectivemaintenanceand supportrequirementsfor the
following: —

—

.

(1) Weapon systemrepairsand modulereplacement
—

(2) Command,Control,Communications,and Navigation(CCCN)equiP-
ment checkout,repairand modulereplacement

(3) Hydraulicsubsystemcheckoutand repair
—

(4) Electrical tests and repairs
—

(5) Marine gas turbineinspectionand limitedrepairand replace-
ment

(6) Auxiliarymachineryrepairsand replacement

(7) Minor hull repairs

7-2
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The CSES will receivenearlyall intermediate-levellogisticsupport
from the MLSG facilityin port.

c. Depot LevelMaintenancewill be conductedat a ship repair facility,at a
Naval or privateshipyard,or at the shipbuilder’sfacilities. The work
accomplishedat the depotwI1l be major repairs,modifications,rework,
and maintenancetasksbeyoundthe”scopeof the MLSG intermediate-level
capability. The type of work to be accomplishedat the depotwill be
identifiedin a MaintenanceEngineeringAnalysis(MEA)and ‘Levelof Repair
(LOR)Analysis.

7.2 SUPPLYSUPPORTCONCEPT

The objectiveof supplysupport(sparesprovisioning)is to providethe resources
requiredto supportthe maintenancephilosophyin ‘orderto obtainan operational
readinessconditioncapableof meetingship availabilit-yrequirements. To this end
the spareparts objectivesfor the CSES are:

a.

b.

c.

d.

e.

Emphasizedesignutilizationof standard(~’off-the-shelf”)components/
equipments.

Utilizea component/modulereplacementstrategyin determiningstockage
criteriafor range and depth.

Onboardsparesand repairparts determinationwill be based on a 5 day
expectedusage for missionessentialsystemsand insurancestockagelimi-
ted to itemswhich are vital to primarymissionand safetyrequirements.

Shorebased spareswill be directedtowardlong lead time and unique items
and will supportthe progressiveoverhaulstrategy. Impactof new re-
quirementson the supplysystemis to be minimized.

Prioritizeidentifiedsparesand repairparts by missioncriticality,
safety,and skill capabilityfor ut~liza~ionto-furtherestablishonboard
requirementsas well as MLSG stockagelevels.

7.3 RELIABILITYAND AVAILABILITY

CSES reliabilityand availabilitymust be high becauseof the reducedmanningand
becausethe maintenanceand supportconceptas well as the missionprofileminimize
the possibilityfor at sea maintenance. Equipmentmaintenancewill be primarily
scheduledfor in port availabilityperiods. Redundancywill assurecontinuousoper-
ationby havingparallelequipmentin operationor by placingback-upequipmenton
line. Automaticmonitoringsystems”will be used to indicateequipmentmalfunctions
due to the limitednumberof watch stationpersonnel.

To the greatestdegreepossible,ship systemswith establishedrecordsin fleet
marineusagewill be used. Specifically,systemsrequiringhigh reliabilityand
availabilityand so selectedare:
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a. PropulsionSystem. Primarypropulsivepower is providedby two gas tur-
bine enginesproven industriallyand marinequalifiedfor salt injestion
to Navy specifications.Propulsivepower may also be providedby two of
the lift systemmarine dieselsenginesfor ship low speed operations.
Gas turbineor dieseloperationcan be performedin eitherthe hullborne
or cushionbornemode.

The port and starboardpropulsionplants includingprime movers,CODOG
reductionunits, shaftingand fixedpitch propellers,are completelyin-
dependent. Eitherplant is capableof providingthe ship propulsionas
requiredfor off, partialor full cushionoperation;thus providingredun-
dancy and flexibilityof operation.

—

—

Conventionalmarinemachinerydesignpracticesrelativeto gearing,bear-
ings, shaftingand relatedequipmenthave been applied. Selectionof
rugged,simplisticfixed-pitchpropellersand provenmarine dieselengines
furtherenhancesthe reliabilityand low-riskdesigncharacteristicsof
the propulsionsystem.

—,

—

-.

b. ElectricPlant. Highlyreliablegeneratorsprovencomponents,and multi-
ple switchboardsare included.

c. Cormnandand Surveillance.Redundantmodulesand plug-inreplacementsare
included. To the greatestdegreepossible,equipmenthas been calledout
genericallyto assurethat the most reliablecomponentswill be used. —

d. Lift System. Off-cushionthe ship will operatelike any displacement
ship. All equipmenthas been selectedfor high reliabilityand off-the-
shelfavailability. Fan power is generatedby proven dieselsthrough
in-line-drivetransmission.One diesel/transmissionfor each fan.

The bow sealswill be similarto those foundon the SES-1OOB. Seal reliabilitywill
be improvedthroughease of maintainabilityas the CSES seal will be two dimensional
ratherthan three,as in the SES-1OOB. Additionalreliabilitywill be gainedas the
ship speedsare well below those consideredcriticalto seal fingerwear.

e.

f.

AuxiliarySystems. All systemsare off-the-shelfwith parallelor standby
redundancy. —

CombatSystem. CSES will employthe same combatsystemas the PHM.

7.3.1 ReIiabiIityand AvailabilityAssessmentProgram

Reliabilityand availabilityassessmentand indiceswill be providedfor all ship
systemsand subsystemsthatwill be consideredas necessaryto the on-goingopera-
tion of the ship. In addition,all systemsbelow the necessarylevelwill be
analyzedat a lower levelof indentureto developan overallset of indicesfor the
ship. An early assessment,of thosesystemsconsiderednecessaryto the on-going
operationof the ship,as well as other systems,will allow for a clear determina-
tion of just what valuesthese indicesshouldhave, and which systemsrequireeffort
to make them acceptable,with a levelof confidencethat will be high and traceable.

—

—

—

—
.,
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A buildingblock approachwill be used to develop,first,the systemindicesand
finallythoseof the platform. ReliabilityBlockDiagrams (RBD’s)will be con-
structedfor each system. Thesewill be enforcedby FailureMode Effectsand
CriticalityAnalyses(FEMCA)which will describethe,impactof equipmentor system
failureon the basis of frequencyof failureand criticality.

Failuremode frequency~idance is found in MIL-STD-1629,as revised,while critica-
litywill be ajudgedfrom DOD-STD-2101(OS).Specificallytwo levelsof criticality
will be used in this effort,they are:

o CriticalFailure- a failurewhich resultsin the inabilityof the ship
to completeits assignedmissionwithoutshipboardor depot repairs.
Shipboardrepairsare definedas those for which the crew has inherent
expertise,tools,spare,and repairparts readilyavailable.

o Major Failure- a failurewhich resultsin the degradationof the ships
functionalperformance,but does not precludethe ship from completing
its assignedmission.

Missiontimelines,coveringthe four separateoperationsof the CSES have been deve-
lopedand includedas Figure7.3-1through7.3-4. They cover the 16 hour sortie,
75 hour normalpatrol,120 hour transitand 120 hour generalizedpatrol. For each
operationreliabilityshallbe determinedbased on missionduration.

MS 3 HS 4 c/s MS 5

HOURS ,4 8 12 16

MS 16 - 32 KNOTS

HS 33 - 48 KNOTS

C/S CombatSystemIn Use

ASSESSMENT:

RELIABILITY,Availability

CSES SORTIEMISSION - 16 HOURS - CONDITION 1

FIGURE7.3-1

—

—
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HOURS I I I l–l —

TRANSIT 8,H,LS 8,H,LS

PATROL 40,H,LS 12,H,LS

INTERCEPT 7,C,MS

c/s

c = CUSHIONBORNE

H = HULLBORNE

LS=O - 15 KNOTS

MS = 16 - 32 KNOTS

c/s = Combat SystemIn Use

ASSESSMENT:

RELIABILITY,AVAILABILITY

CSES NORMALPATROL - 75 HOURS

120 HOURS LOW SPEED (O - 15 KNOTS)

ALL SYSTEMSIN USE EXCEPTLIFTAND COMBATSYSTEM

ASSESSMENT:

RELIABILITY,AVAILABILITY

CSES TRANSIT - 120 HOURS

FIGURE7.3-3
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