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/ )j\ { ABSTRACT j
{

4 (u) The report describes the point design of a 3000-long ton (29,6892 kile-
VS Newton) Surface Effect Ship (SES) that meets the near term requirements
of the Office of Advanced Naval Vehicle Concepts Evaluation (ANVCE).
The point design is a weaponized testship, a concept that is a step
toward a new class of fuily conbatant §ES's and that is a logical pro-
gession from today's technology.

(U The SES point design is described in overall terns of GCeneral Descrip-
tion, Vehicle Performance, Mneuvering, Range, Payload, Wights, Volunes,
Stability, Geonetric-Form and Ride Quality. Subsystems further described
are Structures; Propulsion; Electrical; Command, Control, and Comunica-
tions; Auxiliary; Outfitting and Furnishings; and Conbat System The
report alse includes sections addressing Logistic Considerations;
Survivability and Vulnerability; and Technical R sk.

(U) The near term point design SES 1s shown to be a cost-effective, mninmm
risk, and high performance means of satisfying ANVCE requirements.
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1/ 1 NTRODUCTI ON

?
This report describes the point design of a near term (1980) Advancedlx/ vd“ﬁ'
14
Naval Vehicle Concept Evaluation (ANVCE) Study 3,080 LT/(29,892.1 kN)

Surface Effect Ship (SES). The point design has been devel oped in
accordance with Mdification PC0017 to Contract NO0024~74-C-0924
for the SES Project Ofice (PM5-304).

The data in this report are for a weaponized test ship and were originally
submtted in response to RFP N00024-76-5342(S). The SES was devel oped in
accordance with 'Large Surface Effect Ship (LSES) Top Level Requirenents

(u)", Chief of Naval Operations, 28 My 1976, Rohr Document No. CDC-C- 76-076
CONFI DENTI AL

The design was docunented in Rohr Industries, Inc., 'Technical Proposa
for Design and Construction of a Large Surface Effect Ship," in five

(5) volunes tonsisting of 34 books and 16 appendices, dated 19 July

1976, CONFIDENTI AL, as anended by "Rest and Final Proposal for the Design
and Construction of a 3,000-Ton Surface Effect Ship, Volune | = Manage-
ment and Technical Change Summary," dated 12 COctober 1976 (with four

(4) appendices). The near term SES design is not a conbatant ship

The near term SES design is presented In the format specified in the
Ofice of Advanced Naval Vehicle Concept Evaluation (ANVCE) docunent
WP~005a, "Point Design Description,' dated 13 August 1976. The terms |
"3g™, "near term ANVCE point design", and "1980 point design" SES are
used synonously throughout the report to refer to the same design con-
cept.

1
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The near termpoint design is described in English, as well as in Sl
(metric) units of neasurenent. The point design was devel oped with

-English units as the primary standard of measurement. SX conversions

shown in the text within parentheses conformto American National Stan-
dard z210.1-1973, "Metric Practice Quide", 15 March 1973, Anerican
Society for Testing and Materials, which has been approved by the
Departnent of Defense and its use stipulated by the ANVCE Project Ofice.

The near term SES performance data for range and speed were devel oped

in accordance with the ANVCE design guidelines with the follow ng
exceptions:

*Lightship margins were not conputed on the basis of a 15%
reservation including service life but rather on a 7% reser-
vation plus a fixed 25 LT (249.1 kN) service |life allowance.

. SWBS Croup-410, 440, 450, 460, 470, and 480, as well as 700
and mlitary payload related variable |oads, were not drawn
fromthe near term"ANVCE Conbat System Data Sheets for AAW
ASW SSW (u)", Vol | and Il, dated 30 June 1976, but
were devel oped in accordance with 3kSES TLR specifications
and governnent-furni shed information received in the course
of the performance of phase |l A 2000-ton SES program activities,

. The tail pipe (trapped fuel) allowance was adjusted to reflect
ANVCE gui delines (2% deep tank, 5% flat tanks). In addition,
range and payload data were presented on the basis of the
ANVCE definition of payload contained in "Definition of Terns"
ANVCE WP-002 dated 2 April 1976. Appendix A, Subsection
A 2.11.1 contains a nore detailed discussion of these areas,

«The marine fouling allowance was taken as that corresponding
to a 1.0 mil (25.4 pm) surface finish.

2
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No engineering effort was expended to generate data for a near term
SES point design report section or subsection where that information
was not developed for the 3KSES in response to RFP N00024~76~53342(S).

In addition, no engineering effort was expended where near term point
design data existed, or where ANVCE format or design/environnenta
standards required a major effort in reformating for conpatibility wth
ANVCE standards. Data in those instances are furnished in the formts
used to meet 3KSES developnent specifications wth appropriate notations
delineating the assunptions and criteria utilized

This report contains the following major sections (subsections are
delineated in nore detail in the table of contents):

Section No, Cont ent
1/ [ntroduction
2/ Vehicle General Description
2.1 Princi pal Characteristics
2.2 Vehicle  Performance
2.3 Ship Subsystem Descriptions
2.4 Survivability and Vulnerability
3/ Logistic  Considerations
3.1 Reliability and Availability
3.2 Mai ntenance  Concept 8
3.3 Overhaul  Concept
3.4 Supply Support  Concept
3.5 Human  Engi neering
3.6 System Safety
4/ Technical Risk Assessment

3
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W Appendi ces

Design Process
Drawings and Diagrans
C Equi pment  Lists

(uy Finally, the LSES TLR of

28 My 1976 defined ship displacements in the
following terns:

0 Full Load Displacement (FLD) would be approximtely
3000 long tons (29,892,05 kN) and would characterize

a ship conplete and ready for
0 Light Ship Displacement would be a conplete and enpty

ship with all operating fluids less fuel (SWBS Q@ oups
100 through 700 plus margins).

service in every respect.

0 Mean operating Displacement (MD) would be character-
terized for two conditions:

0 MoD-50; A conplete and |oaded ship ready for

service in every respect with not more than
50% usabl e fuel.,

0 MOD-10; A mninum loading condition for maxinum
speed operation in any sea state where the ship
was conplete and ready for

service in every respect
for

service in every respect wth not less than
10% usable fuel.
0 Capacity Load Displacenent

would be a conplete and
| oaded ship wth all

fuel

tanks filled to maximum opera-
ting capacity and ready for

service in every respect.

4

UNCLASSIFIED



UNCLASSIFIED

(u) A variety of performance and design data wexe developed in relation to
these displacement definitions and for the near term SES point design
they have been referenced in a number of the subsections that follow
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2/ VEH CLE GENERAL DESCRI PTI ON

v 2.1 PRI NCI PAL  CHARACTER! STI CS

(v 2.1.1 SUMMARY -- The Near Term Point Design SES illus-
trated in Figure 2.1-1 is a weaponi zed testship, is designed for high
speed operation in an open ocean environnent, has anextended range
capability, and carries a mlitary payload. Primary nmssions are SES
concept  evaluation, demonstration of weapon system conpatibility, and
determnation of potential mlitary value. Characteristics are summar-
ized in Table 2 1-1.

(U The followi ng subsections describe the ANVCE near term point design SES
in detail -- Section 2.2 outlines Vehicle Performance, Section 2.3 con-
tains ship subsystem descriptions, and Section 2.4 addresses surviva-
bility and vul nerability.

(U) The point design, in the on-cushion node, operates on the captured air
bubbl e principle to reduce hydrodynamc drag and achi eve high speeds.
In the off-cushion nudef it operates as a displacenment hull. The ship
is capabl e of maneuvering in both nodes including turning, accelerating,
decel erating, and backing, and can al so hover in the on-cushion mode. .

6
UNCLASSIFIED
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(U) The principal ship dinensions ore ghown in Figure 2.1-2. The 266.25

feet (81.15 m length overall and 108 feet (32.92 nm) naxi num beam sa=-
tiafy the volunetric and performance requirements. The maximum beam
permts transiting the Panama and Suez Canals. Effective cushion di-
mensions are 221 feet (67.36 w) length and 85 feet (25.91 nm) beam A
cushion height of 18 feet (5.49 n) was selected to ease ship notions and

structural loads in Sea State 6, The full load displacenment is approxi-

mately 3,000 long tons (29,892.05 kN) including all contract margins
and nission fuel load. Table 2.1-1 shows the principal characteristics
of the design.

7
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Figure 2.1-1 (U)-

Near Term Point Design SES — A Step

Toward the 100-Knot Navy (1)
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Table 2.1-1 (C). Principal Characteristics of the Near Term
3000 Ton Point Design SES (U)

OPERATION: Weaponized testship with primary missions of SES
concept validation, demonstration of weapon svster
Compl:ibility and evaluation of military utility.

DIMENSIONS:

a Length Overall (LOA) Ft. (m) . . . . . . . . . . . . . .. 266.25 (81.15)

¢ Maximum Beam, Ft. (m) . . . . . . . . . . . . .. . ... 108.00 (32.92)

Wet Deck Height (above basaline = ABL), ¥t. (@) . . . . . . .. 18.00 (5.49)

e Cushion Area, Fg,z (mz). e ... ... ... 18,785,00 (1,745.13)

e Effective Cushion Length, Ft. {(m}. . . . . . . . . . . . . 221.00 (67.36)

e Main Deck Height (ABL), Fe. (m) . . . . . . . . . . .. o 40.00 (12.19)

Sidehull Fence Depth (BBL), FT. (@) . . . .. ... . . . 3.33 (1.02)

e Stabilizer Fin Depth (BBL), Ft. (m), . . . . . . . . . . S 10.39 (3.17)

¢ Hullborne Design Waterline (ABL), Ft. (m). . . , . . . . . 20.33 (6.20)

e Maximuym Navigating Draft, Ft. (m) . . . . . . . . . . .. 30.72 (9.36)

POWER PLANTS :

e Propulsion Engines. . . . . . . . . . . . Four (4) General Electric (GE) LM-2500 or four (4)
Turbo Marine FT-9A-2A

e Propulsors. . . . . . . . . . . . . . . . Four (&) Aerojet Liquid Racket Co. (ALRC) Waterjet
Pumps

e Lift Engines. . . . . . . . . . .. ... Tw (2 CE. LM 2500's

e Lift fans . . . . . . . .. ... .. .. Six (6) ALRC Centrifugal, Variable Geometry

CREW AND (OMFLEMENT
a Vehicle . , . ., ., . ... ... ... 8 Officer, 8 CPO, 49 Enlisted
e Secondary Vehielaa (Helicopters/RPV's) . . . 4 Officer, 1 CPO, 14 Enlisted
SYSTEMS:

Structures. Lo All aluminum {5456}, welded structure consisting
of longitudinally stiffened plate supported by
transverse web frames.

Electrical. , . . . . . . . . Independent 60 Hz and 400 Hz subsystems, each
powered by three (3} 375 kW Gas ‘Turbine uenerator
Sets interconnected by a rimg bus.

@ Steering . . . . . . . ..o Thrust vectoring, differencial thrust, and
thrust reversal with the outboard waterjet
pumps only.

e Propulsion. . . . . . . . . .. ... Dual waterjet ptopulsors in each sidehull, driven
by in-line gas rurbinas through separate reduction
gear trains. Pump feed in each sidehull is with
a single semi-flush inlet with variable rof ramp.

o Life. . . . ... Threa (3) centrifugal. vsriable gacmetry fans

in each gidehull, driven by a single ges turhine
through reduction gear.
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Table 2.1-1 (C)(Cont'd)

STSTEMS: (Cont'd.)

e Seal. v . 4 . . ..o,

a Ship Integrated Control . . . . , ,

¢ Outfit and Purnishings. . . . ., . . , .

8 Auxiliaries:

# Heating, Ventilating and
Air Conditioning (HVAC). . . .

e Refrigeration. . , . . . . . .. s

o [Firemain end Auxiliary Seawatar . .

e Scypper and Deck Drains . . . , .
s PlLubing Dreins (Soil and Waate)

. Main Drain . . . ... ... ...
# Secondary Drain. . . . . . . .. ,
e Potable and Brash %ater. . , . . .

4 Cooling Water and Auxiliary
Fresh Water Cooling. . . . . . . .

e Fpel 041, .. ... ... .,

o yoexcexOm Fuel. . ... ... ...

e Compressed Air . . . . . Vo

& Nitrogen

# Fire Extinguishing. . . . . . ..

o Hydraulic

Advanced, two-dimensicnsl, planing bew and e tatu
seals, encloz2d between sidahulls,

. Closed leoor --val for seeerin propulsmn and
lift syste wtomatic contr% ride (lift
fans and/c! valve) Performance monitoring
of o uriliaz wctrde plant, and diazribution
systems. C . {2ad ship dapage concrol and
{ntegraced szion and collision aveidancs,

Hull compart: :catlon, access and safety con-
forming to Ny.v standards with generous habig-
ability provisions.

ks

400 Hz powered, axial flow fan, packaged air
conditioning (A/C) plants with dual-duct mixing
boxes.

Two (2) 400 He, powered centrifugal; packaged
refrigeration planta.

Open logp, horizontal svsrem capable of 1600 gpm
OplO m3/s) st 125 psl (861.84 pkl’ ) o

Standard gravity drainage system utilizing glass
reinforced plastic (GPR) piping.

Vacuum assisted collection discharged overboard or
to holding tank.

Combines pumps and eductars for main machinery
space dewatsring and bilge water removal.

Seawater actuated eductora for miscellaneous
drainage of spaces not served by main drain svatem.

Standard shipboard system operated to minimize
storage with GRP piping used extensively.

Two (2) systems (Freon and sea wager cooled) are
provided. Closed loop design meeting Navy standarcs

Provides for filling, storage transfer and puri-
fication of JP-5 fuel for ship ysa,

Two (2) JP-5 fuel service tanks. filled from ships
storage through filter coalescerr for helicopter
service.

Low pressure sir from engine bleed and hieh »ressure
air from 3,000 paig (20.68 =Pa) compressor are
provided.

Charging system is capable of supplying 70 to
3.000 psig (0.48 to 20.68 MPa) of oil free
nit regen,

Conaists of high capacity AF¥f, fixed flooding
halon and high expansion foam.

Closed 3,000 psig (20.68 "lPa) syatenm capable of
delivering 274 gpm (6,017 o /-)

10
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Table 2.1-1 (C) (Cont'd)

¢ Auxilisries (Cont'd.)
Replenishmant at Sea (RAS). .

Anchoring .
Mooring and Towing.

@ Boat Handling and Scowage .

WEIGHTS :

# Full Load Displacement (FLD) (LT: kN)

Emoty Welght (Lightship +
(LT: kN)

Fual Weight (Capacity) (LT; kN)

Margins)

L]
# Usable Fuel at FLD (LT; kN)

e Unusable Fugl(]') at FLD (LT; k¥

Other Load (LT:kN)

Fuel Volume (Capacity) (FtJ; ma)

MOBILITY/PERFORMANCE SUMMARY:
Cushion Pressure (psf, kPa)

Haximum Speed iu Calm Water (kes; km/hr)
at MCP and MOD-5Q

Maximm Speed at 3.94 Ft. (1.20 @) Signif

{-

cant Wave Height and M0D-50 (knots; a/kr)

¢ Hump Margin at 3.94 Ft. (1.20 m)Siguifi-
cant Wave Height, MOD-50 and Mx# (X)

4 Beat Range Speed, Calm Wacer (Kts; kM/Hr)

o Best Range Speed at 3.94 (1.20 =) Signiffe

cant Wave Height (Kes; ka/Br)

Time co Accelerate to Cruise Speed
Ia Calm Water (Sae)

Time to Accelerate

to Max Speed in
Calm Water (Sac) ('i?

Time Co Decelerate from Max Speed to
0 in Calm Water (Sac)

Secpping Distance (Ft; km)

(Pt: km}
Range (nm: oo

Endurance (Hours)

Turn Radius at 40 Knets (20.58 n/e) spaed

port/starboard alongside RAS for
and vertical flow

VERTREP area,
fuel, potable yargr stations,
conveyor are provided.

Urilizes a 3,000 Lb. (13.34 kN) Danforth anchor
and associated cable winch.

Comprised of three (3) capstans, as well as bits,
chocks, and towing padeves.

six (6) 25-man life rafts and an outboard motor

driven, inflatable rescue craft with handling
davit,
1M 2500 FT-9
3,000.0 (29,892,10) 3.000.0 {29,892.10)
1,661,2 {16,552,40) 1,699,3 116,931.60)
1,838.9 (18,323.80) 1,838.9 {18,323.80)
1,179.9 {11,756.50) 1,141.6 {11,374.90)
64.6 (643.68) 64.6 (643.68
91.8 (914.70) 91.8 (914.70)
30,985.00 (2,293.2} 80,985.0 (2,293.00)
LM 2500 Fr-9
342.0 (16.38) 342.0 (16.38)
66.0 (122.0) 92.0 170.0)
64.0 (119.0) 85.0 {157 .0)
28% {28%) 72% (127)
66.0 (122.01 90.0 (148 +0)
64.0 (119.0) 76.0 (141.0)
130,0 (330.0) 120.0 (120.0)
330.0 (330.0) 260.0 (260.0)
32.0 (32,0) 31.0 (31.0)
1,400.0 (0.43) 1.920.0 (0.59)
4.009.0 (1.22) 3,200.0 (0.98)
2,950.0 (5,472.0) 3.000.0 (5,565.0)
42.0 (42.0) 39.0 (39.0)

(1) Per ANVCE Speacification (2% deap tank, 5% flat tank.)

(2) MIP applied im last minute of agceleration to avoid am asymptotic approach to wuwaximum speed.

11
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Table 2,1-1 (C) (Cont'd)

COMBAT ~ SYSTEM:

Armament

. Underwater, Syrface and Air
Serveillance and EW

Identification and Classification (IFF)

. Command and Control

#» Seconday Sub-Vehicles
Sub-Vehicles

. Sub-Vehicle Armament

Qty

NN N N 2 D G

10

34

System
MK92/3 FCS
STIR (Space and Weight)
Harpoon FCS
Torpedo Fire Control Panel MK309
WFCS (MK48 Torpedo) (Space and Wedght)
Vertical Missile Launchers

Standard Missile (RIM-66B Mod, No Reloads)
Harpoon Launchers

Harpoon Missile (RGM=84-1, No Reloads)

Torpedo Tube MK25/1 (Space and Weight)

MK48 Torpedo (Space and Weight)

Torpedo Tube MK32/%

MK46/1 Torpedo {No Reloads)

Close-In Weapons System MK16/0 (Space & Weight)

Air Search Radar AN/APS-125

Surface Search Radar AN/SPS=55

DPEWS AN/SLQ-31(V-2) or AN/ SLG=32(V~2)
TACTASS AN/SQR=19

Localization Sonar  AN/AQS=13D

CHF Telem Receiving Set AN/SKR-3A
Sonar Receiving Set AN/UQR-1 (Med)
DIFAR Sonobuoy AN/$50=53

DICASS Sonobuoy AV/SSD- 62

Interrogation Ser AN/UPX-25(U)
Transponder Set  AN/UPX~28 (V)
computer AN/UYK=7 (V) ™
Display Croup AN/UYA=4 (V)

Link TT

(%)

Helicopters SH-3H or 1 Xv-88 VSTOL
Mini~RPV (Space)

Torpedoes MK46/1

{3) Growth for

an additiona AN/UYR-7(V) Computer.

(4) Includes chree (3) pJ-194(V)3 PPl Conseles with growth for two (2) addirional consoles.
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wm=2.1.2 GENERAL  ARRANGEMENT DRAWNGS -- The general arrangenent
dranings of the ship are contained in Appendix B, Topside conbat sys-
tem locations are shown on the drawings. The drawings are:

* Qutboard Profiia

* Inboard Profile

* 01l Level and Above
* Main Deck

. Second Deck

o Third Deck

. it Deck

Transverse Section

Sdehull Inboard Profile

« Bow and Stern Views

. Tank Arrangements and Tank Capacities

(u) The drawings are grouped in Appenxlx B, Section B.I, for consistency
of report format and the benefit of the reader. These drawings are
conpletely upto date and definitive in those cases where ninor discre-

pancies nay be found in supporting drawngs used elsewhere in this re-
port.

14
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W) 2.1.3 COVBAT sysTEM DRAW NGS -- \Weapons and sensor coverage on
the near term SES are shown on drawings contained in Appendix B, Section
B.2. The drawings illustrate coverage for:

. Air Surveillance Radar (AN APS-125)
. Surface Search Radar (AN SPS-55)

» Collision Avoidance Radar

+Mr92 Fire Control System (cas)
*STIR (MK54/0)

. MK16/0 { ose-|n-V¢apon- System

» AN/SLQ=-31 (V2) EW System = IR Sensor

(u) The drawings are grouped in Appendix B for consistency of report format
and the benefit of the reader.

15
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2.1. 4 SHP INTERFACES -- The near term SES is designed to func-
tionally interface with other U S, Navy ships, craft, shore commnds
and aircraft during operational deployment, and with Navy and other

logistic facilities for support. The primary interface characteristics
of the ship are:

*Vertical underway replenishment (VETREP) wth the
capability for rapid strike down.

« Underway alongside fuel and water replenishnent (CONTREP)
. In-flight refuleing of helicopters (HFR)
. Capability of being towed

. Capability of receiving support services, including

power, water, fuel and replenishment stores, when
secured to a shore facility.

*Capability for precision anchoring in depths not ex-
ceeding 40 fathoms (73.15 m)

. Mooring System to provide neans for nooring alongside
a pier or ship.

. Provide fuel and oil to helicopter and VTOL aircraft

*Capability of maintaining visual and radio comuni-
cation with other ships, aircraft, and shore facilities

6
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(V) 2.2 VEH CLE ~ PERFORMANCE

(n 2.2.1 THRIJST, DRAG AND POWER -- The predicted drag/displacement
ratios for the near.term SES, as a function of ship speed and signifi-
cant wave height at FLD, are shown in Figure 2.2.1-1,  Performance is
shown with the ride control system off, and with the ride control system
operating at a level sufficient to meet or better the Rohr ride criteria
shown in Figure 2.2.1-2. Conparable data at the MOD-50 condition are
shown in Figure 2.2.1-3. In addition, a plot illustrating the speed
dependent character of the drag conponents is presented in Figure 2.2.1-4.
These data are based on analytic predictions which have been validated
and enhanced by correlation with mdel test data. \hile no allowance
was made for marine fouling, a 1.0 ml surface finish was assumed for all
hydrodynanmically wetted surfaces.

(v) Figure 2.2.1-5 presents the propulsion system efficiency of the near
term SES vs. speed and significant wave height. These data are based
on the assunption that the propulsion power could be set at that |evel
necessary to mintain a constant speed.

(v) The transport efficiency of the near term SES as a function of speed
and significant wave height is shown in Figure 2.2.1-5. In accordance
with the definitions presented in ANVCE WP-002, dated April 2, 1976,
transport efficiency was defined by:

Full Load Displacenent (3000 LT; 29,892.1 kN) X Speed-(Independent Variable

Total Power Required at Half Fuel (2400 LT, 23,913.6 kN) Condition

(U Figure 2.2.1-7 presents the maxinum speed performance vs. significant
wave height for the half fuel (MOD-50) condition. These predictions are
based on the ride-control-off data, Figures 2.2.1-1 and 2.2.1-5 through
2.2.1-7 and the available ‘thrust plotted in Figure 2.2 1-8.

17
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Figure 2.2.1-3 (C): 3KSES Drag/Weight Ratio Versus Speed
and Significant Wave Height
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Figure 2.2.1-5 (C): Near Term SES Propulsive Efficiency Versus Speed
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Figure 2.2.1-6 (u): Near Term SES Transport Efficiency Versus Speed (U)
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Figure 2.2.1-7 (C): Near Term SES Maxinmum Speed Versus Significant Wave Height (U)
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Figure 2.2.1-a (2): Near Term SES Available Thrust Versus Speed (U
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(U 2.2.2 MANEWERING -- The steady state on-cushion turn perform
ance of the near term SES configured with P&W FT-9 propul sion engines,
in calm water and at an 83 percent fuel condition (2800 LT, 27,899.2 kN),
is shown in Figures 2.2.2-1 and 2,2,2-2, After deceleration to a speed
of 45 knots (23.15 ms) for tumns initiated at higher speeds, all four
(4) waterjet punp nozzles are deflected an amount sufficient for the
desired turn. The data shod the steady state turn performnce
characteristics after the initial lateral transient motions
have decayed.

(U Figures 2.2.2-3 and 2.2.2-4 present the acceleration times from a standing
start as a function of speed and significant wave height for LM 2500
and FT-9 engines, respectively. These maneuvers were conputed on the
basis that both the lift and propulsion engines are set at MCP and that the
bow seal is partly retracted through hunp transition. At low speeds,
however, the power levels were limted to those inposed hy cavitation
limts of the waterjet inlets or punps. The use of MP during the Iast
mnute of the acceleration mneuver avoids an asynmptotic approach to the
maxi mum  speed.

(u) Figures 2.2.2-5 and 2.2.2-6 present the emergency deceleration perform
ance as a function of speed and significant wave height for LM2500 and
FT-9 engines, respectively, as shown in Figures 2.2.2-7 and 2.2.2-8.
Corresponding distances are shown in Figures 2.2.2-7 and 2.2.2-8.

These maneuvers were acconplished by:

. Engaging the thrust reversers,

. Applying maxinum continuous power to the outhoard propulsion
engi nes,

. Reducing the inboard engine power to "idle", and

@Retracting the stern seal by setting the stern seal fan
variable geometry valves to "shut off."
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(U) These procedures cause the ship to decelerate in a bow up attitude and
avoid the possibility of undesirable pitch motions. Engagement of the
thrust reversers requires 3.0 seconds. The remaining emergency stopping
procedures are effected during this time interval.
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Figure 2.2.2-3(C): Near Term SES Time to Accelerate Versus Speed (U)
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) 2.2.3 RANGE AND PAYLOAD == The near term ANVCE SES exceeds the
required range by about 10 percent with FT-9 engines and nearly attains
the goal with LM2500 engines. Range is computed by integrating speed
and fuel rate over the interval from full Zoad displacement {(FLD) to
the near empty weight of lightship displacement plus unusable fuel.

(U) The range and endurance characteristics are presented in Figures
2.2.3-1 through 2.2.3-3, as influenced by speed, significant wave height
and payload. The characteristics are shown with the ride control. system
off and with the ride control system operating at a level sufficient to
meet or better the ANVCE ride criteria. These data are based on the
resistance dat a presented in Figures 2.2.1-1 and 2.2.1-3 and the propulsion

system efficiencies reflected in the fuel consumption characteristics
of FT-9 marine gas turbine engines presented in Figure 2.2.3-4.
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2.2.4 VEIGHT AND VOLUME SUWARY -- A summary of the light ship
weight, variable load, contract margins and full load weight of the
ANVCE near term SES is presented in Table 2.2.4-1. The ANVCE near term

SES ship weights are identical to those of the Rohr 3KSES. The sunmary
represents the results of parametric studies, design iterations, and

trade-of f investigations performed during the ANVCE near term SES design
effort.

Table 2.2.4-2 is a summary of weights for a simlar ship with FT-9
engines installed in place of the baselined LM 2500 engines for propul -
sion. The propulsion plant weight and contract margins were adjusted
to reflect this substitution. The fuel weight was then reduced to
arrive at a full load displacement of 3000 long tons (29,892.1 kN).
The ship volume summary is presented in Table 2. 2.4-3.

The design light ship, the total of swBE groups 100 through 700, is. the
displacement of the ship ready for sea in every respect, but excluding
all variable load items such as crew, stores, ordnance, and fuel.
Qperating fluids such as lube oil, hydraulic fluid, and entrained water
in the inlet and propulsor are included in the design light ship. The
variable load items include the 125 man crew, provisions and effects,
stores and spares for a 15-day mssion; ordnance; both ship and aircraft
fuel; and frvesh water for the ship when operating at FLD.

S,
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TABLE 2.2.4-1 (U):

VWE GHT SUMWARY WTH 1M2500 ENGNES (U)

WEIGHT
SWRS
CROUP LONG TONS SHORT Tons | MeTRIc Tons (1) | KI LONBWTONS
100:  HuLL STRUCTWKE 805.0 901.6 817.9 8021.0
200 PROPULSTION PLANT 190.5 213.3 193.5 1897.3
300. ELECTRICAL PLANT 61.8 69.3 62.9 616. 2
400: COMMAND 6 SURVEILLANCE 67.0 75.0 68.0 667.3
500: AUXILIARY  SYSTEM 196.6 220.2 199.7 1958.8
567. Lift system 96. 8 108.4 98.3 964. 3
600 QUTFIT AND FURN SH NGS 156. 9 175.7 159. 4 1563.0
700  ARMAMENT 51.4 57.6 52.3 512.6
DESI GN AND BU LDERS MARG N 132.0 147.9 134.2 1315.6
EMPTY \WEl GHT (LIGHT SHIP) 1661.2 1860.6 1687.9 3.6552.4
FOO  LOADS:
Crews 14.7 16.5 15.0 146.7
Pr ovi si ons 5.8 6.5 5.9 57.8
Stores 5.8 6.5 59 57.8
Fresh \ater 18.6 20.8 18.9 185.2
O dnance -- Main Vehicle 17.2 19.3 17.5 171.9
Sub- Vehi cl e 6.6 7.4 6.7 66.0
Sub- Vehicl e 23.1 25.8 23.4 229.7
Fuel 1246.9 1396. 6 1267.0 12424 .6
IFUL LOAD VEIGHT 3000.0 3360.0 3048.2 29892.1
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TABLE 2.2.4-2.(U: YEIGHT suMMARY WTH FT-9 ENANES (U
SVBS WEIGHT
GROUP LG TONS SHRT TONS | MeTRIic ToNs (20 | KI LONEWTONS
100: HULL STRUCTURE 805.0 901.6 817.9 8021.0
200 : PROPULSI ON 226.0 253.1 229.6 2251.7
300 : ELECTRI CAL 61.8 69.2 62.8 615.6
400 | COMMAND & SURVE! LLANCE 67.0 75.0 68.1 667.2
500: AUXI LI AR ES 196.6 220.2 199.8 1959. 0 JJ
oy . Cc ‘
- 567: Lift System 96.8 108. 4 98. 4 964. 4 Z
N 600 OUTFI T AND FURN SHI NGS 156. 9 175.7 159. 4 1563. 1 0O
- -
> - 7 0 0 ARMAMENT 51.5 57.7 52.3 513.3 >
n v (7,
w 7]
; DESI GN AND BU LDERS MARA N 134.5 150.6 136.7 1339. 8 ;
m m
U EMPTY WEIGHT (LIGHT SHI P) 1699. 3 1903. 2 1726.6 16931.6 o
FOO LOADS:
Crews 14.7 16.5 14.9 146.7
Provi si ons 5.8 6.5 5.9 57.8
Stores 5.8 6.5 5.9 57.8
Fresh Wt er 18.6 20.8 18.9 185.2
Ordnance -- Main Vehicle 17.2 19.3 17.5 171.9
--  Sub-Vehicle 6.6 7.4 6.7 66.0
Sub- Vehi cl e 23.1 25.9 23.5 ' 229.7
Fuel 1208. 6 1353. 6 1228.0 12042,2
PyuLL LOAD VI GHT 3000.0 3360.0 3048.1 29892.1
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TABLE 2.2.4-3 (U):

VALUME  SUMARY (U)

INTERNAL voLume ¢V
FUNCTION CUBIC FEET CUBIC METERS
Main Propulsion (including main machinery
box, uptakes, shafting) 119,034 3,371
Lift System 109,881 3,112
Personnel (including living, messing
and all personnel support and 104,454 2,958
storage)
Auxiliary and Electrical (machinery
spaces other than min propulsion 100,962 2,859
and lift outside min machinery box)
Payload (internal volume only) 150,955 4,275
Qther  (including passageways, nmmintenance
spaces and all other spaces not included| 147,663 4,182
in above)
TOTAL ENCLOSED VOLUME 732,949 20,758
(I)Total enclosed volume does not include tanks and other innerbottom

spaces below third deck, or

44

UNCLASSIFIED

helo landing and any weather decks.




UNCLASSIFIED

{(U) 2.2.5 STABILITY -- The stability of the near term SES was
addressed for both zero speed and underway conditions. The results
show that the SES has adequate stability to meet the required operating
ranges of speed, sea state and displacenment.

(U) 2.2.5.1 Stability at Zero Forward Speed -- The hullborne stability
at zero speed of the near term 3KSES has been evaluated in accordance
with the Navy criteria of acceptability(l). Two operating conditions
that represent full,-load and minimum conditions were evaluated

with:
a. A beam wind of 100 knots (185.2 km/hr), conbined with
rolling.
b. Topside icing
c¢. Crowding of personnel to one side
‘! d Hgh speed turning for roll stability (per Navy criteria(l))

(U) The intact stability at the MOD-10 condition with abeam wind of 100
knots (195.32 km/hr) conmbined with rolling produced the critical condi-
tion but with adequate stability as shown in Figures 2.2.5-1 and 2.2.5-2.

(U) 2.2.5.1.1 Static Stability in Hullborne Intact Condition -- The
static stability at zero speed was addressed by development of
cross-curves of stability for a suitable range of ship displacement and
for a range of heel angles from 0 through 90 degrees. The SES has a
positive range of stability from 0 to 80 degrees as shown in Figure
2.2.5-3 and in Tables 2.2.5-1 and 2.2.5-2.

(U) 2.2.5.1,2 Stability in Damaged Condition -- The fundamental adequacy
of the SES with respect to reserve buoyancy and stability under conditions
of hull damage in an open ocean environment has been addressed for the

% O')“Stability and Reserve Buoyancy of US. Naval Surface Ships",

DDS079-1, dated 1 August 1975, Departnent of the MNavy, Naval
Ship Engineering Center,
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(U) full |oad and MD-10 conditions per the Navy criteria and summarized
for the following critical conditions:

a, Shel I -to-shell flooding in conpartments II and IIl, with
the longitudinal extent of damage equivalent to 15 percent
LOA. This produced the least freeboard as indicated in
Figures 2.2.5-4 and 2.2.5-5. The criteria of acceptability
is satisfied.

b. Unsymetrical flooding with penetration up to the
centerline and wth a longitudinal extent equivalent to
15 percent 1oa was investigated throughout the Ilength
of the hull. The worst case was found to be with the
damage in compartment |V and V. The maxinum heel in this
case was 7.48 degrees. Figures 2.2,5-6 and 2.2.5-7
show this condition, Requirements of the criteria were
satisfied.

c. Unsymmetrical flooding with penetration to the first
longitudinal bulkhead (not less than 10 percent maxi num
beam) and a longitudinal extend equivalent to 50 percent
LOA was investigated throughout the length of the hull.
The worst case was found to be for conpartments Il and IV
and V and VI flooded. However, the requirements of the criteria
were satisfied. Fgures 2.2.5-8 and 2.2.5-9 depict this
condi tion.

(U) In sunmary, the anvce near term SES neets and exceeds the stability

requirenments at zero speed and the reserve buoyancy criteria for
Large Surface Effect Ships of the U S Navy,
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Figure 2.2.5-1 (U): 3KSES Hullborne Intact Stability (English Units) (U)
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Figure 2.2.5-2 (u): 3KSES Hiullborne Intact Stability (SI Units) (U)
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2,2,5.2 Static Stability Underway

2.2.5.2.1 Off-Cushion Stability Underway -- Predicted off-cushion
static pitch and roll stability characteristics for the ANVCE near term
SES are presented in Figures 2.2.5-10 and 2.2.5-11, respectively. The
ship has positive static stability wth pitch and roll restoring gradients
of approximtely 99 x 1()6 ft-1b/degree (134.23 x 10% N-m degree) and

22 X 106 ft-1b/degree (29.83 x 108 N-m/degree), respectively. In the off~
cushion node, the SES is statically unstable in yaw but dynamcally

stable, thus providing satisfactory course keeping characteristics as
influenced by the ride control system in a seaway.

2.2.5.2. 2. On-Cushion Static Stability Underway -- The predicted on-
cushion static stability data presented next shows that the ANVCE near

term SES has positive stability in roll, pitch and yaw.  Roll and pitch
stability are shown at 40, 60 and 80 knots (20.58, 30.87 and 41.16 m's); yaw
stability data for 60 and 80 knots (30.87 and 41.16 ms) only. The
stability characteristics shown are for a nomnal displacement of 2800 LT
(27,899.2 RN which approximates the Full Load D splacement condition.

The positive on-cushion pitch stability of the SES at 40, 60 and 80 knots
(20.58, 30.87 and 31.16 ms) is shown in Figure 2.2.5-12. Predictions
are plotted with zero moment occurring at the nomnal pitch trim attitude
for each speed (the ship is trimed at the pitch attitude for mninmum drag
consistent wth non-broaching operation). Speed variation at a constant
weight primarily alters the mininumdrag pitch attitude. These predic-
tions were derived by Froude scaling hydrodynamc nodel test data without
other correction. Positive static stability is indicated by the degree
of negative gradient of the rmonments with their corresponding attitudes.

S tt-1bf

degree (24.40 x 106 N:2m/degree) for all speeds shown. The minimm gradient of
about 8 x 106 ft-1b/degree (10.85 N-m/degree) occurs on the curve

for 40 knots (20.58 m's).

The average pitch restoring monent is approximtely 18 x 10
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The yaw stability characteristics are shown in Figures 2.2.5-13 and
2.2.5-14 at speeds of 60 and 80 knots (30.87 and 41.16 MS) for three
(3) pitch attitudes (1, 0 and +1 degrees) and at two (2) angles of

roll (0 and +2 degrees). Positive static yaw stability is shown for all
conditions except the high speed, negative pitch case (80 knots (41.16 m/s)
and -1 deg- . *rim). However, extrapolation of the dynamc stability
indicates that taw wear term SES wll be dynamcally stable, in the dir-
ectfonal sense, to bow down pitch angles as large as -2 degrees. In
actual operation, a bow down trim attitude of this magnitude is difficult
for the ship to achieve, and even more difficult to mintain. Strong
pitch restoring monents ensure a rapid return to nomnal attitudes even
under failure node conditions.

The positive on-cushion roll stability of the near term SES at 40, 60
and 80 knots (20.58, 30.87 and 41.16 nis) is shown in Figures 2,2,5-15
through 2.2.5-19, respectively. Predictions are plotted for pitch attitudes

of zero and plus and mnus 1 degree and for yaw angles of zero, -2 and -4
degr ees. The roll restoring moment gradients vary slightly wth speed

and ship attitude. The maxinum gradient shown is approximately 4.3 x 10
ft-1b/degree (5.83 x 105 N*m/degree) (at 80 knots) (41.16m/s); the
ninimm is about 2.6 x 10% ft-Ib/degree (3.53 x 10° Nem/degree) which
occurs at 40 knots (30.87 m's) at a -4 degree yaw angle. The principal
roll restoring nonents are due to the sidehull design.

6

(U Two of the more significant features which contribute to the excellent

stability characteristics of the ANVCE near term SES are the seal and
sidehull designs, The Rohr advanced planing seals mintain their geonetric
integrity at all tmes, ewen in high sea states. The design precludes
slope reversal in the pitch stability curve ("pitch clicks"), as exhibited
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on the 100B testcraft. The design also precludes catastrophic plowin
characteristics exhibited by other type seal designs at bow down
attitudes.

The mced Pl: ing seal design increases the effective cushion length
as = direct function of bow imersion; as the bow goes down, the effec-

tive cushion length boundary noves forward, providing additional pitch
and roll restoring rmonents.

(U) The design stiffness of the seals is a careful balance between stability

(U)

I e B

requirements and ride quality. The Rohr design provides a degree of stiffness
which maintains adequate roll and pitch stability while providing good
ride qualities.

The sidehull forward sections contribute additional pitch and roll
restoring monents at bow down attitudes in the same way as the advanced
planing bow seal. This effect is obtained by designing the bow stem

to match the bow seal contour. In addition, the stem angle mninzes
destabilizing noments at bow down attitudes. The low (45 degree) dead-
rise angle of the sidehull design provides better pitch and roll stability
than higher deadrise sidehull configurations.
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(U) 2.2.5.3 Dynamic  Stability -- The predicted on-cushion dynamc
stability characteristics for the near term SES are presented in Table
2.2,5~3. The values shown in the table are for the ship without ride
controi. Nomnal pitch trim angles are included in the table for ref-
erence, At 40 knots (20.58 ms), the yaw (directional) nmode is overdanped
for the nomnal pitch trim angle; responses in yaw may then be charac-
terized as a first order system with a time constant of about 4 seconds.

Table 2.2.5-3. (U 3KSES Dynamc Stability Characteristics (U

NOM NAL
SPEED TRI'M FREQUENCY  DAMPI NG
AXI'S KNOTS m's DEGREES HZ RATIO

ROLL 40 20. 58 2.2 0.17 0.15

60 30. 87 1.4 0.18 0.14

80 41.16 0.9 0.19 0.13

PI TCH 40 20. 58 2.2 0.19 0.22
60 30. 87 1.4 0.20 0.20

80 41.16 0.9 0.21 0.16

YAW 40 20. 58 2.2 * *

60 30. 87 1.4 0.15 0.80

80 41.16 0.9 0.07 0.45

HEAVE 40 20. 58 2.2 0.65 .0.28
60 30. 87 1.4 0. 66 0.29

80 41.16 0.9 0.68 0.31

*Overdamped, v = 4.0 seconds

(U Figure 2.2.5-18 presents the significant pitch angle deviations as a
function of speed and significant wave height. These data are based on
analytic modeling of the ship's vertical plane dynamc characteristics
as influenced by the ride control system in a seaway.

(U Figures 2.2.5-19 through 2.2.5-21 present the significant roll angle
deviations with speed, significant wave height, and seaway heading.
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These data are based on hydrodynamc nodel test data collected in the
DTNSRDC maneuvering basin.

Figure 2.2.5-22 presents the limt allowable drift angle as a function
of speed. The angles are limted by propulsive control yaw nonents
available below hunmp and by operating boundaries (dictated by roll-yaw

stability) above hunp. The limt angles shown were derived from XR-1D
testcraft nodel data and inlet broaching studies. 1

Barker, J., et al, "XR-1D Safety and Performance Prediction Report",

Rohr Industries, Inc., Rept. No. RHR-75-266, 22 Aug. 1975 (Fig. 4-11
and 4-12).
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Half Ft

el Condition (MOD-503(2400 LT (23,913.6.KH)
Full Load Displacement (3000 LT; 29,892 kN)

SIGNIFICANT _WAVE HEIGHT (5, Ft . (@)

4 ge— sam—y o
/ 15 (4.57)
3 7
2
Q\
1 \10 (3.05)
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— e 7 (2.14)
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0 20 40 60 80 100 (KNOTS)
L ) \ | _ |
0 AR 20 30 40 PIRLE
TUUUSEED T

tigure 2.2.5-18 (U):
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RMS ROLL ANGLE (deg)

Figure 2.2.5-19 (U): 3KSES Roll Deviation Versus Speed (U)
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/—\
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/ 15 (4.57)
/ ~— 10 (4.57)
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T T ) ]

Seas Broad' on the Starboard Beam
3 7 Significant

/ \ Wave Height,
\ L ft.(m)
/-\ 15 (4.57)

\
\ 10 (3.05)

3.3 (1.0)
0 20 40 60 80 100 (KNOTS)
1 | | { | 1
0 10 20 30 40 50 (m/s)

" SPEED
I':igure 22520 (u) : 3KSES Roll Deviation Versus Speed (U)
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Seas from 30 Degrees Abaft the Starboard Beam

S| GNI FI CANT
'WAVE HEl GHT,
T Fe.(m)

1s (4.57)
10 (3.05)

/"— m-—: 31.3 (1.0)

s L

b e m e e

(_b)_ Seas from 60 Degrees Abaft the Starboard Beamh
|

L0 (3. 05)
l:3.3 (1.0)
0 20 40 60 80 100 (KNOTS
l i i | | ]
0 10 ' 20 30 40 50 (m/s)

" SPEED

Figure 2.2.5-21(U):  3KSES Roll Deviation Versus Speed (U)
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MAXIMUM DRIFT ANGLE (degrees)
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Full Load Displacenent (3000 LT; 29,892.1 k)
CGlm Water, n-Qushion

'25 ——-F——'*ﬂ
=-LIMT (F STEERING CONTROL SYSTEM

.\. " (SUB-HUWP)
- FT-9 ENGNES AT MOP
.20 \
\

15

SAFETY LIMT (202 MARGN
¢ DER'VED FROM XR-1D DATA
AT ZERO PITCH ATTI TUDE

10
5 \\
.\\
L —
%4 20 40 60 80 100 (KNOTS)
I ! | l ! L (w/s)
0 Lol 0 30 40 50

“TSPEED

Figure 2.2.5-22 (u): Drift Angle Linmt Versus Speed (u)
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(v 226 CEOMETRIC FORM -- The geometric form of near term SES is
described by the hull lines and the control surface drawings of this
section.

(v 2.2.6.1 Hul| Geometry -- The selection of the hull form is based

on judicious conpromses between overall hullborne and cushionborne
performance; structural strength; manufacturing econony; volumetric
requirenents; conbat suite; safety, survivability and efficiency of ship
operations.  The net result is shown in the lines drawing, Figure 2.2.6-I.

(U The sidehull geonetry is based on the effects of deadrise and ventilation
cutouts on the overall hydrostatic and hydrodynamc performance paraneters,
bow seal interface, waterjet inlet configuration and structural atrength
requirenents. Hydrodynam ¢ drag considerations have influenced the
choice of a slender body sidehull concept.

(U The full-length sidehulls enclose the sides of the bow seal, decreasing
seal vulnerability to damage as conpared with exposed bag and finger

seal systems on partial-length gidehulls. The full-length sidehull
vertical inner face also permts a sinple bow seal/sidehull interface
and allows the use of a two dimensional, nmodularized bow seal system

(W) 2.2.6.2 Principal ~ Dimensions .. The principal dinensions, as
related to the proportions and form characteristics of the sidehulls
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and the centerbody, are based on the following considerations

. Provision for the
with space requir

required cushion area in conjunction
ements for main propulsion machineries

and waterjet inlets. The Panama Canal transit requirenent
established the maximum beam of 108 feet (32.918 n). The

trace of the maxi

mum beam follows 4 feet (1.219 n) above the

upper chine and is canted inboard to the main deck and 01
level.  sm nomnal tunblehome at Station 10 is 3 feet 7

inches (1.092 n.

e The overall length of 266 feet 3 inches (81.153 m) was

established from
as related to cus

the maximzation of performance parameters
hion length to beam ratio, bow and stern

seal geometry design, overall utility, and volumetric

requirements

o« The wet deck heig

ht was selected at 18 feet (5.486 m above

baseline to mnimze wetdeek slammng and cushion induced

dynam ¢ response,
of Station 4 wher

The wet deck is horizontal except forward
e it ranps upward to mnimze pitch induced

slam loads and to provide a flat interface with the forward
seal in its retracted position

. The selection of

main deck height at 40 feet 0 inches (12,192 m)

above baseline wag based on requirements of hull girder strength,

reserve hbuoyancy

and space demands
environment for e
relative to |ower

in damge situations, and overall volumetric
The high main deck also provides a drier
ngine air intakes and for helicopter operation
main deck configurations that were evaluated

(1) 2.2.6.3 Control Surfaces -- The baseline design of the near term

ANVCE SES incorporates two
starboard, canted 28 degrees

stern-mounted stabilizing fins, port and
inboard from the bottom of the fence, as shown in

Figures 2.2.6-1 and 2.2.6-2. Fin section geometry is shown in Figure

2.2.6-3.
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1. PRINCIPAL HYDROSTATIC PARAMETERS (OFF

BLOCK COEFFICIENT (C,), FULL LOAD
PRISVATIC CCEFFIQENT (P, FUL LQAD
NETTED SURFACE, FULL LOAD

TRANSVERSE KM  FULL LOAD

VERTI CAL CENTER OF BUOYANCY (KB)

TONS PER INCH |MERSION (TPI)

LONG TUDINAL CENTER OF FLOTATION (LCF)
(FROM FP)

2, PRINCIPAL  HYDRODYNAM C  PARAMETERS  (oN

CUSH ON  LENGTH

CUSH ON  BEAM

CUSH ON  HEI GHT

LONG TUDI NAL CENTER OF GRAVITY

(FwD CF TRANSQV)
CUSH ON  LENGTH BEAM
CUSH ON  BEAM HEI GHT

(pgyy = 1.025 METRIC TON/CU m)

Figure 2.2.6-1 (u): ANVCE-3ES Hull Lines Draw
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CUSH ON)

= 0.1662

= 0831 )

= 18,440 FT® (1713 m*)

= 273.81 FT (83.45 nj

= 10.62 FT (3.24

= 43.91 TONINCH (17.23 kN/m)
= 137.11 FT (41.79

CUSH ON)

221 FT (67.36 m)
85 FT (25.91 m)
18 FT (5.48 m)

118 FT (35.89 m)

2.60
4,72

ng LL802009 (Sheet 2 of 2)
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Figure 2.2.6-2 (u): Baseline Stabilizer Fin Geonetry (U
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2.2.7 R DE QUALITY

2.2.7.1 Near Term SES Ride Criteria == Near term SES high speed
operation in high sea states can result in vertical vibration nodes
not previously sustained by man over leng periods of time. \hile
considerable data exist on vibratory effects upon man, the heave
acceleration environnent of the near term SES centers in a portion of
the frequency regime for which characterizing data are sparse

Certain near term SES resonances are predicted between 0.1 Hz and 5 Hz
in the pricise range where human perfornmance capability is nost
affected; primrily because the human body resonates at about 5 Hz.,
and because sailors my become seasick when ship notions traverse

0.1 to 0.5 Hz at energy levels above 0.06 g's (rms).

The primary purpose of developing a ride criteria is to establish the
mtion limts that can be tolerated by operations, maintenance and
off-duty crew for specific mssion durations. The inportance of these
criteria is to ensure a reasonable level of operating efficiency if
craft motions are naintained at or below the limits.

The curves illustrated in Figure 2.2.7-1 were established from a conpre-
hensive literature search by overlaying graphical data representing
human performance decrement studies. The search enconpassed hundreds
of previous motion studies, experiments and sinulations related to the
adverse effects of vibratory environments on human performance. These
data form the data base for the ride criteria, categorized by specific
task type and correlated by rms g's versus the center frequencies of
the one-third octave band. Although considerable vibration data and
criteria exist above 1 Hz, very little is available to describe the
effects on humans between 0.1 and 1 Hz This influences the ride
criteria since the predicted near term SES heave acceleration environ-
ment tends to center in this portion of frequency‘ regine.

02
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Al'though the data points cover vastly different conditions and show
varying degrees of performance or nmotion sickness, trends were estab-
lished for short term and long term conditions. Trend lines were
compared with all other data points and with previously developed
habitability criteria to establish firm ride criteria.

The present ride criteria represent 30 mnute and 4 hour duration
tolerance limts for adapted crews with ten to twenty percent expected
performance decrement. In the frequency region of 0.1 to 0.5 Hz, ten
percent of the crew could be expected to have some motion sickness.
The actual task performance decrement of one of the ten percent
displaying sickness mght mean slower performance, increased errors or
conplete non-performance of assigned duties.

The identification of the kind and level of performnce decrement
expected nmust consider the specific tasks to be performed. The reduced
tolerance between 1.0 and 10 Hz refers primarily to tracking tasks
decrement.  The operation of a decimal input device (with proper

arm support and restraints) would suffer no performance decrement at
motion levels near or even slightly above the ride criteria curves.

2.2.7.2 Near Term SES Rde Quality - Figures 2,2,7-2 through
2.2.7-5 present the frequency spectra of the heave acceleration levels
at an amidship station wth the ride control system both on and off.

The power expenditure to control the ride is tabulated in Figures 2.,2.7=4
and 2.2.7-5.

The influence of the ride control. system on the RMS heave accel eration
levels at a speed of 60 knots (30.87 nis) and 6.9 feet (2.1 n) signi-
ficant wave height is illustrated in Figure 2.2.7-6. Then in Figure
2,2,7-7 through 2.2.7-13, the RMS vertical plane acceleration |evels
near the bow, amdship, and at the stern are plotted versus seaway
heading for a number of speeds and significant wave heights. These
data are based on hydrodynamic nodel test data collected im the David

Taylor Naval Ship Research and Developnent Center (DINSRDC) maneuv:::ing

basi n.
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NARROWBAND VIBRATION ACCELERATION INTENSITY,
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1811C00402

OPERATING ~ CONDI TI ONS:
2800 LT (27,899.25 kN) DI SPLACEMENT
70 KNOT (36.01 nis) SHP SPEED
SEA STATE 5

1‘0: ] 1 l.flllll ] ] Ilflll. [} ) IR R
C .
o5t o
~  RDE CRTERA,
0.2 30 MINUTES
g 4 HOURS
g o0aF
-1 -
hy -
3 o
< osof
8 - ! ! ]
o L ]ll ¥ " _
- 41 Ll
2 00F RIDE CONTROL H } ¥
P SYSTEM OFF , ~~// \ :
g OWE .7 RIDE_ CONTROL -
= - }; SYSTEM ON b
005 '.,1 :
L K i
o ‘ .
0024 -
.00.01 ! [ NS ! L 111 |_1-; ; 0
.Dz .05 0. 1 0 - 2 0_ 5 2 9 5.0 10
’ ENCOUNTER FREQUENCY (Hz)
Figure 2.2.7-1 (u) The SES Controls Ship Vertical Mtions (U
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. Figure 2.2.7-2 (U):  3KSES Half Fuel Condition (MDSO 2400 LT (23,913,6 kN),
) Uncontrolled Rde (U
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NARROWBAND VIBRATION ACCELERATION INTENSITY,
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NARROWBAND VIBRATION ACCELERATION INTENSITY,

UNCLASSIFIED

1.0
0.5
0.2
3 01
b
m l -
> .050 Sl Ly
= o)
3
g Y
= .020 J
S |
2 o010 f—+}
z o
=
005 éL 0]
002 J.
001
01 02 .05 0.1 0.2 0.5 1.0 2.0 5.0 0
FREQUENCY ({Hz)
I S 1 N T T T N A N D A Tt A T A I N
011 0161 025 | 08 | 063 | .10 | ul zsl.tol ultolulz.slaal;,;l 100
0323 02 013 o8 OB 1% {26 20 318 ;50 8.0

STANDARD CENTER FREQUENCY OF 1/3 OCTAVE

T

BAND (Hz)

LEGEND

!

(0 SSGmmmomems 34 KNOTS {17.49 m/s)
O SSScmmmm 60 KNOTS (30.87 mis)

33,000 SHP (23.802 kW) Expanded to
Control Ride

Figure 2.2.7-4 (U):

3KSES Half Fuel Condition (MOD-50) 2400 LT (23,913.6 k),

Controlled Ride (u)
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Controlled Ride (U
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Figure 2.2.7-7 (u): 3KSES Variation of Bow, CG and Stern Vertical Plane
Accelerations with Heading at 60 Knots (30.86 m's) (U
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Accelerations with Heading at 40 Knots (20.58 nis) (U)
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2.2.8 MANNI NG

The -anning presented herein delineates the mninmum quantitative and
qualitative personnel essential to the operation, maintenance and

support of the near term SES under stated mssions and configurations.
These requirements are termed Organizational Mnning and were devel oped
in general accordance with the "Guide to the Preparation of Ship Mnning"
docunent, CPNAV 10P-23,

The devel oped manpower requirements are sufficient for performng al
operational, mintenance, admnistration and support tasks required for
the near term SES under the following Readiness Conditions: Specia
Condition | (Battle Readiness) for Anti-submarine operations, Anti-air
operations, and Surface operations, Condition |V (Peacetime Cruising
Readiness) and Condition V (In-Port Readiness). Table 2.2.8-1 displays
the manning requirements in the prescribed format.
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Table 2.2.8-1 (U: Mnning

(U)

VEHICLE
OFFICERS.

Cowmanding Off{cer
Executive Offlcar
Operations Officor

Firat Lieutensnt

Conbat Systems Off{cer
Elaccronies Material Offiecer
Engineer Officer

Pagage Control Asaistant

SECONDARY VEHICLE

Helicopter Pilot
Relicopter Pilot
Helicopter Co-Pilot
Helicopter Co-Pilat

T0TAL COMPLEMENT

223085328

MJe

28

09

1 p51
1082
32
| EN]
1 N2
1 ERPN
1t
1 ETH2
1 £
1 2
1 FmMl
1 FM2
1 62
1 G3
3681
| 683
1 GSFN
1811
imre
1102
11em
1 K81
1482
2 183
1 081
losz
1 pssN
I o1l
1om
1 92
3 QMSH
1 /2
1 sH3
1583
1ML
1 nt3
&SN

1PN

1 apa1
1 A
1 AMN3
1 A
1 a1t

1 AT3

1 AEL

1Ax2

2 aw2

20

1 A02

14

[1]

L1

STED
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2.3 SHP SUBSYSTEM DESCR PTI ONS
2.3.1 STRUCTURE
(U) 2311 Sumary -- The twn, full cushion length

si dehul I s

of the near term SES are designed to be aerodynamically and hydro-

dynanically clean, and to contribute to good stability,

maneuverabi ity

and performance characteristics. The ship houses the required weapon
suite within its three (3) mjor decks and provides an operational

hel i copt er capability. The survivability and reliability
structural system is designed for 20 year life across the
profile.

of the
expected

(U) The hull structure includes the shell plating, framng, structural bul k-
heads, decks, superstructure, structural closures, mast and foundations.

The functional requirenents of the hull structural system

are: (1) to pro-

vide a watertight envelope which.houses all other subsystems, (2) to provide
a structurally sound platform suitable to the performance goals of the craft,
(3) to provide an envelope that can be conditioned for crew confort and

utility, and (4) to provide a platform for aircraft and weapon system operations.

(U) The hull structural configuration is a conpromse between

overall hul I borne

and cushionborne performance, nmanufacturing econony, functional space require-
ments, conbat suite, habitability, survivability and safety wthin the overall
constraint of neeting mssion requirenents. It is designed to neet a

specified 20 year |life requirement while retaining a realistic balance between

mnimm weight, structural reliability and cost constructi

(U The near term SES hull is subjected to a wde variety of

on.

| oadi ng conditions,

including inpact |oads, while operating at high speed. These |oads would

normally require: a conservative, heavy structure; hewever,
performance requirements dictate a nore sophisticated and

near term SES
lightweight struc-

ture. For convenience, structural loads are subdivided into Primary and
Local load categories. Conbinations of these categories provide the

basis for the developnent of structural design.
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Primary loads are defined asthoseloads af fecting the entire hull struc-
tural girder. These include overall hull bending, torsion and shear re-
sulting from ship wei ght, and hull buoyancy distributions when the ship
is off-cushion or froma wave inpact when the ship is traveling at high
speed on cushion.

Local loads are those applied over limited portions of the hull structure,

such as |oads resu‘lting‘ from hydrostatic or hydrodynamc pressure, desk
burden, foundation and topside icing,

(U) The hull bending, torsion, and shear that result from weight and buoyancy

(V)

distributions when off cushion, and wave inpact |oads whentransiting at
high speed on cushion were investigated. The NASTRAN and mul ti-cell
girder load distribution prograns established internal [oads for stress
analysis. A plate/stiffener analysis computer program was used for the
stress analysis of all major structural areas. Loads considered were
those due to hull bending, torsion, pressures, drydocking and equipnent.

Scantling design requires a delicate balance between structural weight and
ease of fabrication, wthout sacrificing structural integrity. The scantlings
were designed through the use of a conputerized optimization program to vary
frame, stiffener, and plate sizing with frame and stiffener spacing and
provide conparisons of the resultant structural weight and the associated
fabrication costs. A frame spacing of three feet with ten inch stiffener
spacing was selected . Inlightly loaded areas of the ship, such as super-
structure, the frame and stiffener spacings were increased to provide light
weight and faster ease of fabrication.

Hul | structure optimzation has provided a basis for optinmum structural design
of scantlings, wetdeck height, wetdeck ranp angle, full length side" .lls,

and keel length fences. The structure optimzation has been instrumental in
design decisions relating to the square bow near term SES
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The main hull girder is conposed of a centerbody and two rigid sidehulls.
The main, second, third and wetdecks, as well as seven (7) |Iongitudinal
bul kheads, conprise generally continuous longitudinal nenbers which
contribute to the section nodulus over the entire length. Al stiffeners
on these menbers, as well as shell plating stiffeners, run longitudinally.

Bulkhead and deck penetrations are mninmal, enhancing structural continuity,
This result is a conpromse between the location of structural bul kheads

and the arrangenent of nachinery, equipment, and weapons systens. M nim zing
the nunber of bulkhead and deck penetrations reduces the associated struc-
tural weight penalties which occur when prinary load paths are interrupted
and internal loads are redistributed through use of secondary load paths.
Trusses are used to retain overall load carrying capability wherever |arge
penetrations  exist.

The hangar and pilot house structure located above the weather deck is
assigned a secondary structural role and does not carry primary hull
bending or hull torsion. As a consequence, the hangar is designed wth a
six foot (1.83 m frame spacing and a 16 inch (0.41 n) stiffener spacing to
provide adequate strength.

The hull transverse franes are relatively large aluminum extruded tees
welded to the deck plates. These nenbers function as beam sections to
span across openings between decks and form the vertical frame columns.
These menbers are capable of reacting axial, shear, and noment loads in the
plane of the frame. The sidehull and innerbottom franes are lightest when
designed as an open truss configuration. These trusses react the

locally applied hydrodynamc pressures and function integrally wth the
non trussed portion of the transverse frame. Stiffened webs are used in
place of the trusses to accormodate tank boundaries, foundations or |ocal
load conditions. Reactions to the bow seal and stern seal |oadings are
concentrated at locally reinforced transverse franes at the wetdeck Ievel.
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(U Transverse bulkheads are spaced at 42 feet (12.80 m intervals, wth
the exception of the aft nost conpartment where a 30 feet (9.14m) spaci:
is used to accormodate the propulsion machinery. These bulkheads are
all watertight. Vertically oriented tee nenbers are spaced at 10 inche:
(254 mm) on center. The longitudinal bulkheads are sized to resist
primary loads, flooding loads and drydocking loads. Stiffeners are
arranged 10 inches (254 m on center, nomnally.

(U The all-welded alumnum hull structure is designed for ease of fzbrica-
tion, for mninum weight, and to provide structural iategrity under all
loading conditions. Mrine grade weldable alumnum alloys 5086 -
H116/117 and 5456 - H116/117, are rated best overall for the primry
hull structure because of mechanical, corrosion, nanufacturing, and
cost considerations. OF these two, 5456 - HL17 (H1ll extrusions) was
chosen because of its 19 percent greater strength-to-weight ratio
conpared to that for S086-H117. The HL17 tenper is free of continuous
grain boundary networks which would be susceptible to exfoliation or
severe intergranular corrosion in a marine environnent.

(U) The basic ship structure would be fabricated in twenty (20) major
structural assemblies including two (2) stabilizer fins (P&S) and
the mast, Final assembly and erection would be acconplished outdoors
in a building basin. Al fabrication, subassembly, and assenbly of
the structures, from receipt of plate and extrusion until the
assenblies are ready to be transported to the building basin for
erection, would be performed indoors in a controlled environment. A
139,000 feet® (12,913.5 m®) Mrine Assenbly Facility would be required.
Qperations have been planned and sequenced to naximze down~hand
and automatic welding such that no overhead welding is required
prior to erection of the hull structure in the building basin, Overhead
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wel ding required during erection would be less than two (2) percent
of the total lineal footage of welding on the ship.

Erection of the hull in the building basin would proceed from the
stern forward. This erection sequence was selected after review ng
outfitting density and erection sequences to determine that sequence
which provides the longest possible span for the highest density
area of the ship with respect to outfitting and system testing.

2.3.1.2 Structural Drawings == The dra~ ,s that define

the structural arrangement are contained in appendix B, Section B.3.
They are:

o Main Deck Plating

0 Longi tudinal  Bul khead

0 Transverse  Bul kheads

0 Transverse Frame

0 Bow Plating and Framng
0 Superstructure

0 Structural  Extrusions

0 Plating  Conmbinations

The drawings are grouped in appendix B for consistency of report format
and the benefit of the reader.

2.3.1.3 Key Structural Features -- CQutstanding characteristics
of the near term SES include the optimum choice of size and shape of
the hull, seal interface, and structural layout of primry menbers.

The design is characterized as being an exceptionally clean ship wth
smooth flowing Iines.
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The functional design of the ship provides mninum air turbulence for
helicopter operations while the mnimum notion characteristics of the
ship enhance the ability of helicopters to take-off and |and.

The physical constraints of the hull structure require that the craft
have a beam of 108 feet (32.92 m or less, a full load displacenment

of approximately 3000 tons (29892 kN.), and be capable of housing all
required subsystens. Physical dinensions developed from parametric
trade-offs established the followng dinensions:

) Overall Tlength of 266 feet 3 inches (81.15 m

0 Vet deck height of 18 feet (5.49 m)

0 Vet deck ranmp angle of 13.7 degrees

0 Mninum main deck height of 40 feet above keel (12.19 m

Internal geonetry of the hull structure has been optimzed to the
following and are shown on figure 2.3.1-1:

0 Stiffener spacing of 10 inches (0.25 m
) Frame spacing of 3 feet (0.91 m

0 Transverse bul kheads spaced at 42 feet (12.80 n) intervals
(aft bulkhead at 30 feet [9. 14 )

0 Longi tudinal bul kheads at approximately 14 feet (4.27 m spacing
0 Between deck height of 9 feet (2.74 m

0 Third deck height above keel = 22 feet (6.71 m

0 Second deck height above keel = 31 feet (9.45 n

0 Main deck height above keel = 40 feet (12.19 m

0 01 deck at 49 feet (14.54 n)

0 02 deck at 60 feet (control center deck) (18.29 m
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\iei ght

Breakdown

The structura
and superstructure is shown in Table 2.3.1-I

wei ght

Tabl e (U) Structural Weight Breakdown (V)

SVBS LONG TONS KI LONEWTONS %

110 419.03 4175. 2 52.1

120 152.79 1522. 4 19.0

130 518. 60 1580. 3 19.7

150 14.49 144. 4 1.8

160 19.11 190. 4 2.4

170 2.78 21.7 0.3

180 38. 20 380. 6 4.7

100 805. 0 8021.0 100

(U 2.3.1.5 Structure Risk Assessment -- The hull of the near term SES is

designed to realistic worst case loading conditions which are forecast
to occur within the ship lifetime. These structura

from an extensive Rohr
devel opment

represents
m ssi on.

bui I t-up

mnimze

an optinum design

2KSES/3KSES nodel
The structura
alumnum alloys which have been utilized
as the paM and SES 100B.
conventiona
ship' fram ng
details to

The

baseline design
plate-stiffener
and state-of-the-art

construction
of the near term SES is producible,

probl ens.
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2.3.2 PROPULSION -- The near term SES is powered by a waterjet propul -

sion plant, Its principle is the conversion of that mechanical energy
supplied by the gas turbine-driven waterjet punps into kinetic energy,
by increasing the velocity of the seawater inducted at the waterjet sea-
water inlets and ejected through the waterjet punp exit nozzles. The
general arrangement is showr on Figure 2.3.2-1.

The SWBS breakdown of the propulsion plant is:
o (Gas turbine system (234)
o Transmssion system (242, 243, 244)
o Waterjet propulsor system (247)
o Conmbustion air intake system (251)
o  Exhaust gas uptake system (259)

o Lube oil system (262)

2.3.2.1 Summary  Description

2.3.2.1.1 Gas Turbine System -- A total of four (4) gas turbines, each
driving a waterjet propulsor are utilized in the near term SES propul sion
plant.  The four (4) turbines are arranged in pairs of two (2): one (1) pair
is located on the starboard side of the ship and the other pair is l|ocated
on the port side. Each gas turbine is operationally independent of the other

The baseline propulsion gas turbine for the near term SES is the 1LM2500 gas
turbine which is capable of delivering 22,500 continuous shaft horsepower
(16,780 kW) and 27,000 intermttent shaft horsepower (20,130 kW). The
alternate propulsion gas turbine is the FT9A=-24 which delivers 36,500 con-
tinuous (27,220 kW) and 40,000 intermttent shaft horsepower (29,830 kW).
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(U) The FT9A-2A system requires nore space than the LM2500 system due to its
increased turbine length. The FT9A-2A engine is installed further aft,
which shortens the drive shaft length. The propulsion plant is designed
for future installation of the alternate FT9A-2A engine with a mninum
impact on the propulsion plant or other ship systens.

(u) The 1M2500 marine gas turbine is derived from the TF39 mlitary and C~6
comrercial turbo fan engines used respectively on the Lockheed ¢S5A Galaxie
and MDonnell Douglas DC-10 aircraft. The LM2500 gas generator consists of
a variable vane lé6-stage conpressor; annular conbustor; two-stage air-
cooled turbine and associated gearboxes; controls, and accessories. The
power turbine has six stages and is a |lowspeed, low stress design. The
LM25C, engine, is presently in service on the DD963 class destroyers.

(U) The FT9A-2A engines are identical wth the Fr9A-2 engines currently being
devel oped by the Navy, Mnimum interface hardware revisions are required
for the SES application. The progenitor engines for the FT9A-2A are the
FT4 marine and JT9D aircraft engines. The FT9A-2A gas generator has a low
and high pressure conpressor, each driven by a separate turbine and an ann-

ular combustor. The power turbine is derived from the FT4 power turbine now
in service.

w 23212 Transmssion  System -- This system consists of the propul-
sion shafting, shaft flanges, shaft bearings wth mounting structure, flexi-
ble couplings and torque neters. Each of the four transmission systens
connect a propulsion gas turbine to a waterjet propul sor reduction gearbox
input flange. The shaft, flanges, bearings, seals and bearing housing form
the shaft/bearing module which is installed (or replaced) as a unit. Figure
2.3.2-2 illustrates the arrangenent. The reduction gearbox is desecribed
next in the waterjet propul sor system description.

-
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2.3.2,1.3 Waterjet Propulsor System -- The waterjet propul sor system
consists of the integral reduction gearboxes and waterjet punps, instru-
mentation, mounting links, steering sleeves wth hydraulic actuators,
waterjet punp inlet flex joints, thrust reversers wth hydraulic actuators,
transom flexible seals, waterjet punp primng systens, attached |ube oil
punps with mnor lube oil system conponents and piping, seawater inlets,
seawater intake diffusers, bifurcated ducts and variable ranp roofs wth
hydraulic actuators, A nozzle closure valve and a thrust bearing are

contained within each waterjet punp. A shaft brake is attached to each
reduction gearbox.

Each reduction gearbox (four (4) total) contains necessary gearing to reduce
the input speed and divide the power between the two (2) waterjet punp rotors
which run at different speeds. The propulsor assembly gearbox details and
gear train are shown in Figures 2.3.2-3and 2.3.2-4

2.3.2.1.3.1 Waterjet Propulsor Assenbly -- The waterjet propulsor is a
two-stage; two-speed design based on the hydraulically simlar PHV propul-
sor. The first stage is an inducer designed to produce a sufficiently high
head rise at low suction (cavitating) conditions to permt the second
stage inpeller to operate at high rotation speeds wthout cavitation. The
pover split between the inducer and inpeller is approxinmately 30:70. The
inducer rotates at about 1/4 engine speed, the inpeller at about double
this. The propul sor assembly is shown in Figure 2.3.2-S.

() 2.3.2.1.3.2 Waterjet Inlet -- Seawater for the four (4) waterjet propul-

sors is taken aboard through two semflush inlets as shown in Figure 2.3.2-6.
(ne inlet is located in each sidehull to serve the tw waterjet punps also
located in each sidehull. Seawater for ship services is taken aboard
through these inlets. The'sidehulls are enlarged through fairings from
their nomnal cross-sections to accommmdate the inlets. Waterjet inlet
area is varied by continuous plate flexible ramp roofs, actuated by a
hydraulic cylinder to control the seawater flow into the system The water
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Figure 2.3.2-5 (U)
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(U) flow through each sidehull inlet passes into the diffuser section of the

inlet duct and is distributed through a duct bifurcation to te two punps.
Vater flows through the inlets by conbination of punp action and ship for-
ward notion, at a rate determned by the ship speed, iniet area settings
and punp speed. The curved diffusers then turn and raise the water to the
punps through the bifurcated ducts. An abrupt expansion is used at the en-
trance to the bifurcated ducts. Each bifurcated duct is constant area,
symetrical and has integral turning vanes.

vy 232133 Steering and Reverser System -- Each waterjet propul sor

1))

(Y

has an associated steering sleeve and the two outboard propulsors have
thrust reversers. The discharge water from each punp's single fixed-area
nozzle passes coaxially through a flexible seal at the transom and sub-
sequently through a swiveling steering sleeve mounted on the transom The
steering sleeve deflects the waterjet to generate side forces on the ship.
Each sleeve is hydraulically actuated, wutilizing the ship hydraulic system
and is instrumented to permt position monitoring.

The thrust reversers direct the waterjets in a forward direction. In

operation, they are pivoted into the water streans by controllable posi-
tion actuators. During reverse thrust operation, the high-velocity water
is redirected forward, down, and slightly outboard to minimze spray and
hazard to nearby objects. The thrust reversers are variable position to
give full forward through full reverse thrust on the outboard waterjets.

2.3.2.1. 4 Conbustion Air Intake Ssem -- The internal configuration
of the conbustion air intake system ad the location of the demster banks,
acoustic panels, gas turbine plenuns, air heating system and external
opening of the air inlet are shown in Figure 2.3.2-7. The features of the
intake design which reduce salt spray are the coaming projecting above
the 01 level; the vertical portion of the intake which requires the air to
turn 90 degrees to enter the demster banks; and the drainage sunp at the
third deck level.
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(U The intake contains sound supression panels in three locations to atten-
uate engine noise to acceptable levels, The panels in the section between
the 01 level and main deck are conprisedof six inch (0.15 n) spaced per-
forated panels, installed in the athwartship direction. Thin alumnum
splitters between the panels form six inch (0.15 m) rectangular ducts.

(U) The intake system is designed to accormodate the L2500 or the FT9A-2A engine.
The design considers all combination s of these engines for propulsion

and lift. The only nodification required when the FT9A-2A engines are
enployed is an increase of demscer fzce areas.

(U Anti-icing, de-icing, and pre-heating of the intake system for the engines
is acconplished by recirculation and mxing of [ift engine exhaust gas at
the weather inlet on each side of the ship, as is shown schematically in
Figure 2.3.2-8  Each combustion air intake system supplies air to one |ift

engine, two propulsion engines, gas turbine generator(s), and the gas tur-
bine cooling systens.

(vy 2.3.2.1.5 Exhaust Gas Uptake System -- This system consists of the
exhaust ducts (ineludimg supports and insulation) which are routed from
the propulsion gas turbines to the transom where the combustion products
are exhausted; The design incorporates a water trap at the transom to pro-

vide stern wave protection, Each exhaust duct is acoustically treated to
attenuate noise.

() 23216 Propul sion Lube QI System -- This system provides |ubrica-
tion for the bearings in the transmssion system and for the waterjet pro-
pul sor assembly. The reduction gear system is of the dry sump type and the
pump thrust bearing and seal nodule require most of the oil in the system
The reduction gear carries driven pressure and scavenge punps. The |ube
oil system upstream of the mechanically driven pressure punp, and downstream
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of the mechanically driven scavenge punp, is defined as the propulsion

lube oil system  Each propulsion drive train has its own dedicated pro-
pulsion lube oil system (four total). The lubricant used is 2190 TEP

per ML-L-1733L.

2.3.2.2 Operation

2.3.2.2.1 Start-Up -- The gas turbines are pneumatically started from
the ship system This system provides sufficient compressed air to start
one gas turbine. The pneumatic (start air) system cross connects all pro-
pulsion and lift engines such that any one engine can start another by
supplying bleed air from its compressor into the system  The start control
sequence is automatic but manual start controls provisisns are provided
for back up. Each gas turbine engine can be started and ready to deliver
power in approximately 90 seconds.

The waterjet propulsors are above the ship off-cushion waterline and thus
require primng. Primng is acconplished in these successive steps: apply
transmssion brake to prevent rotation of the dry punp; shut nozzle closure;
supply auxiliary water to rubber bearings, operate the air ejector that con-
nects to both punp pairs; and when punps are primed, water then covers the
punp inducer centerline.

(U) The brake is then released and the punp rotated enough to produce a static

head of about 15 ft (4.57 m) H,0. Wen the nozzle closure is opened, the
punp begins to deliver water, the ejector system and auxiliary water supply
are shut off and the primng is conpleted. These features of the prining
system are shown on Figure 2.3.2-9.

(U)2.3.2.2.2 Low Speed -- Low ship speed operation of the propulsion plant

requires the ship to be in the off-cushion node to reduce the possibility

of broaching which could unprime  the propulsors. Additionally, with the
ship off-cushion, inlet head to the punp inducer is nmaximzed to reduce suction
specific speed. The steering sleeves and reverser my be configured to
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give low speed forward, astern, turning and sideways translation of the
ship for undocking and naneuvering in a seaway. The power level is
limted by the suction specific speed line of the propulsors to limt
cavitation erosion of the punp conponents.

The seals are extended to a height/speed schedule when above 10 knots
(5.14 m's) ship speed to avoid reaching limt suction specific speed.
The waterjet inlet is generally wide open in the |ow speed node.

2.3.2.2.3 Hump  Transftion -- Hunp transition requires the use of
high power settings and, in the case of a heavily loaded ship and/ or
high sea state, may require use of the intermttent power level to
produce the desired margin of thrust over drag. During transit, the
waterjet inlet area is varied according to punp speed (power), ship
speed and engine throttle setting. Suction specific speed limtations
are not present at trans-hunp speeds.

Ship heading control wll require use of a conbination of differential
thrust, assymetrical throttle settings on the fan engines, and thrust
vector control with the steering sleeves. The ships control system
automatically determnes the required conbination and the mix of control
forces that provides heading control wth mninum fuel consunption.

2.3.2.2.4 Hi gh Speed Cruise -- At cruise conditions, throttle
settings for steady state conditions (and the associated inlet opening)
are mintained by the propulsion control system

2.3.2.3 Machinery Characteristics -- The machinery characteris-
tics are presented in the followng tables:

UNCLASSIFIED
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Table 2.3.2-1:(u) Engine Characteristics (u)
CHARACTERISTICS
| TEM LM 2500 FT9A-2A
Turbine Inlet Tenperature = °F(°C)| 2300 (1260) 2255 (1235)
Air How - 1b/sec (N/Sec) 146 (649) 250 (1112)
Dry Wight = |bs (kN) 10,405 {46.281) 21,300 (94.742))
Compression Rati o at Max,RPM 15:1 21:1
SFC= |b/HP-hr (KN w-hr) .381(2.28) .397(2.36)
"Max. Power at Sea Level- HP @ 80"F
W @27°C) 27,000 (20, 134) 40,000 (29, 828))
no. of  Conpressor Stages 16 17
N of  Turbine Stages 8 5 '
o. of Conbustors 1 1
sombustor Type Annular Annular
ength-Inches () 257 (6.528) 337 (8.560)
Yiameter (Mix) = Inches (m) 87 (2.210) 73 (1.854)
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Shaft and Flanges:
Flexible  Coupling;

Tor quenet er

Table 2.3.2-2 (U Reduction Gear and Transmission (U)
Characteristics

1 TEM CHARACTERI STICS
.eduction Cear
Speed 4100 RPM
Power 40,000 SHP (29830 kw)
Wiei ght  (Dry) 9489 |b (42.21 kN)
Length 76 inch (1.93 m)
W dth 59.50 inch (1.51 m)
Lubri cant 2190 TEP per MI-L-17331
Gears Doubl e-Helical 9310 steel

one-piece pinion and shaft

Ratio

First stage 4.359

Second Stage 2.0508
Beari ngs Journal, Babbit [lined
Casting Cast Aumnum A356-T6

[ransmission

Length 138 inch (3.50 m)
Di anet er 22 inch (.56 m)
Bearings Fad = Duplex ball thinwall

Aft = Roller thinwall

4340 forgings

Doubl e di aphragm < 1/2° misaligument
capability

Accurex Strain type
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Table 2.3.2-3: (U) Waterjet Propulsor Characteristicg (U)

Headrise ¥
&' Flow rate *
Gross Thrust *
Nozzle Diameter
Speed Inducer *
Speed Impeller *
Suction Specific
Speed Limit

ITEM CHARACTERISTICS
Speed 4100 RPM
Power 40000 SHP (29830 kW)
Weight (wet) 22571 1b (100.396 kN)
Length 203 inch (5.16 m)
Height 70 inch (1.78 m)
Diameter 49.5 inch (1.26)
Efficiency * 88.5%

999 ft H20 (304.5 m H,0)
135,154 GP.M (8.527 m™ /sec)
161,200 1bf (717.018kN)
17.52 inch (.45.m)

940 RPM

1999 RPM

2,4250 at Inducer Centerline

*Values at RPM and Power quoted and total inlet head of 203 ft. HZO

(61.9 m HZO)
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Table 2,3,2-4: (U) Waterjet Inlet (U)

ITEM

CHARACTERI STI C

Wdth

Drop Fraction
Max  Opening Area
Mn Opening Area
Max Flow Rate
Variable Roof.

Bi furcation

48 inch (1.22 m)

0.5

14 £¢ (1301 o)

4 £2% (,372 o)

286,282 GPM (18.06 m>/s)

3 section continuous flexible
plate

Equal legs with +urning vanes
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(V 2324 Arrangements -- The drawings and sketches depicting the
near term SES propulsion System are contained in Appendix B.4. They are:

0 Propulsion System

0 Waterjet Inlet

(U) The drawings are grouped in Appendix B.4 for consistency of report
format and benefit of the reader, A sketch of a section of the demster

is shown as Figure 2.3.2-10,

(N 2.3.2.5 Propul sion System Weights -- Wights within the propulsion
system SWBS 200 are shown in Table 2.3.2-5.

Table 2.3.2-5 (U. Propulsion System Wights (U

Weight

SWBS Subgroup LT kN Percentage
234 Gas Turbines 21,56 214.8 11.3
241 Reduction Gears 16.07 160.11 8.4
242 Couplings 71 7.07 4
243 Shafting 1.19 11.86 .6
244 Shaft  Bearings .60 5.98 .3
247 Waterjet Propulsors | 50.82 506.3 26.7
251 Combustion Air

System 20.12 200,47 10.6
252 Control  System .46 4,58 .2
259 Uptakes 14,21 141.58 7.5
261 Fuel  Service System .11 1.10 .1
262 Lubeoil System 4,60 45.83 2.4
298 Operating Fluids 59,56 593.43 31.3
299 Repair Parts A 4.38 .2
200 Propulsion System 190.46 1897.65 100.0
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(U Table 2.3.2-6 shows the estimated functional weight percentage of major
conponents within the propulsion system for an LM 2500 and FT9A-2A system

Table 2.3.2-6 (U). Wight Percentage of LM2500 and FT9A-2A
Propul sion  System (U)

PERCENT OF SYSTEM
SUBSYSTEM
1M2500 FT9A-2A
Engi nes 9.1 16.9
Gear boxes a.d 7.1
Propul sors 12.6 10.6
Comb Air System 10. 6 11.2
Comb Exh System 7.5 10.3
Oper.  Fluids 31.3 26.4
M scel | aneous 19.9 17.7
\
UNCLASSIFIED
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2.3.2.6 Propul sion System Technical Risk Summary

Engines -- The GE LM2500 gas turbine engine is in pro-
duction with a proven capability up to 21,500 SHP (16,033 xkw), is low
weight, and in use for other marine applications. The Pratt and Witney
FT9A-2A alternate engine is developnental and requires design and test
effort; it will be in production after a few years;, and conponent
testing has begun, Current development efforts are limted to 33,000 SHP
(24,608 kw).

Transmission -- The propuision transmission system is
designed to transmt all anticipated alternating and continuous torques
between the propulsion engine and the propulsor assembly wthout failure
over a 20-year life span with specified overhaul of the life limted
conponents; to have not more than 10 percent failures prior to the
scheduled overhaul period of 5,000 hours mninmum (10,000 hours goal) for
the life limted conponents; to wthstand a limt torque of 1,229,764
inch pounds (138.94 kN-m) without degradation of performance or failure;
and to elimnate any critical speed (of any conponent) which is less
than 125 percent of the sstem nmaxinum operating speed.

Vterjets -- The propulsor is hydraulically simlar to the
PHM punp now in operation.  Conprehensive nmodel tests have already been
successfully conducted for the 40,000 SHP (29,828 W) propulsar. The
waterjet inlet has been extensively tested wWith nodels and with simlar
inlets of the operational SES-100A and XR 1 testcraft. The installation
design of the waterjet propulsor assenbly wll wthstand all anticipated
input powers, thrusts and external loads due to ship accelerations and
equipment malfunctions wthout failure for a 20-year design life and
with specified overhaul. The waterjet seawater inlet duct system has
been optimzed to inprove performance, cavitation characteristics, drag
and structural weight on the basis of substantial analysis and nodel
testing.
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(U) The propulsion lube oil system combustion air intake system and exhaust

gas uptake system are typical of present gas turbine ship installations.
Al conponents are presently available and proven in service. For the
combustion air inlet, anti-ice protection by exhaust gas mxing is

the accepted method of GCeneral Electric, Pratt and \hitney, and Garrett.
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2.3.3 ELECTRICAL ~ SYSTEM

2.3.3.1 Summary of Key Features -- Primary 450 Volts power for
the near term SES is generated at 60 Hz and 400 Hz frequencies by six
gas turbine generator (GIG sets. Three (3) identical GIGs rated
375 kw 60 Hz and three identical GIGs rated 375 kW 400 Hz provide a
total system capacity of 2250 kW, Al six (6) GTGs are driven by
Garrett ME 831-800 turbines.

The distribution system is arranged to provide an operational choice

of ring-bus or split-plant operation. Six (6) ship service switch-
boards are provided, three (3) for 400 Hz service and three (3) for 60 Hz
service.

The lighting arrangement is based upon dividing the ship into four (4)
lighting zones or "cubes". Three cubes conprise the internal illum-
nation distribution system while the fourth cube services the specialized
needs of the helicopter hangar and landing lights. Lights throughout

the ship are predomnately of the fluorescent type and are energized

by the 60 Hz system

UNCLASSIFIED
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(U)2.3.3.1.1 Type of System -- A block diagram depicting the functional

integration of the electrical system is shown in Figure 2.3.3-1. The
power generation system provides all anticipated ship service primry
and secondary electrical power with mninum weight, nininmm devel opnent
risk and maxinmum assurance of required performance, reliability, and
flexibility. Both the 60 Hz and 400 Hz systems generate power at 450 V,
3 phase, ungrounded delta. Power quality meets or exceeds the require-
ments for Type Il 400 Hz power and Type | 60 Hz power per MIL-STD-1399/
103.

(U) In addition to driving the 60 and 400 Hz generators,the M 831-800 gas

turbines provide bleed air for starting the propulsion and |ift engines
(IM2500 or FT9) and also provide a small amount of continuous bleed air for

the ship's conpressed air system

(U) The near term SES operating loads are approximately 50% on the 400 Hz system

and 50% on the 60 Hz system The ship's 400 Hz operating loads are

distributed evenly among the three 400 Hz switchboards, each of which
serves consuners |ocated nearest to the particular switchboard. Each
switchboard is connected to the other switchboards by bus ties which
form a ring bus arrangement.

() Two of the three generating plants are generally connected to the ring

bus arrangement for all operating nodes, allowng the third unit to be
in a standby node. Cenerators may be added or deleted as the power
demand dictates when operating with the ring bus system

i (U) The 60 Hz power distribution system is simlar to the 400 Hz system

; (U) The lighting system provides adequate and reliable illunmnation in all

PR T R ol T VI OV

areas of the ship, regardless of operating mde or condition.  Special
and detail lighting is provided for specific tasks. The lighting fix-
ture arrangement is spaced to provide the prescribed levels of working
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surface illumnation, as well as uniform shadow free illumnation for al
areas. The system provides the following illumination services through-
out the ship:

° General white illumnation in all spaces

®  Detail illumination according to work task

e Lowlevel, red-band illumnation for darkened ship

® Two levels of blue-band lighting in the Conbat Information
center

® Automatic and manual battery operated battle [anterns

. helicopter platform visual landing aid and VERTREP platform
illumnation for night operation

o Navigation and running lights

() The lighting system utilizes 60 Hz power for econonic reasons since a

)

400 Hz system offers no appreciable weight savings and would be appreciably
higher in cost. The lighting system also provides power for numerous
non-lighting loads wherever this arrangement yields weight savings

The system utilizes the Navy concept of dividing the ship into vertica
volumes, each approximately a cube, for optimum distribution. The ship
is divided info four cubes. One cube is dedicated to the helicopter
landing area and supporting lighting. The remaining three cubes are
divided into the forward, mddle and aft portions of the ship. The
lighting distribution system is fed from the three 60 Hz swtchboards
Each of the three ship cubes contains two transformer banks fed from
different  switchboards. One transformer bank in each cube receives two
separate power sources via a two-way automatic bus transfer, for supply-
ing power to all areas containing vital [lighting. The other transformer
bank in the cube receives power from one swtchhoard. Figure 2.3.3-2
illustrates this arrangement.
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(U) Lighting fixtures are designed to provide satisfactory illumnation wth

optinum operational econony and mininmum mintenance. Fluorescent  [ighting
is used predomnantly wherever feasible, owng to its superior lighting
qualities and |ower power consunption, Incandescent [lighting is utilized
only where a suitable fluorescent fixture is not available.

(U) Standard Navy fixtures are normally used because of their proven qualities:

in exceptional cases, other suitable fixtures my be selected where a
functional advantage exists, or where an appreciable weight or cost
saving can be achieved with no degradation in either service

or reliability.
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(u) 2.3.3.1.2 Type of Conponents - The GIG prine novers are Garrett
ME 831-800 turbines currently being qualified for the Navy PHM program
The 831 series engine has four mllion hours of operational experience
in protected and unprotected environnents.

(U) The 400 Hz GIG system is very simlar to the PHM patrol hydrofoil genera-
tor set: each enploys an ME 831-80-O turbine, gearboxes with identical basic
castings, bearings, and primary gears (i.e., gears that drive the 400 Hz
generator), and identical turbine auxiliaries. The 400 H generator is
also very simlar to the generator used on the PHV patrol hydrofoil
generator set (same design and frame size), differing only by a slightly
longer lamnation stack to provide a higher power |evel output.

(U)In addition to the 60 Hz GIG use of the same gas turbine as the 400 Hz GIG
the other mgjor conponents (such as the fuel system lube system and
governors) differ very little between the two power frequency systens.

The gearboxes are fundamentally identical except for the output gears which
provide shaft speeds of 1800 RPM for the 60 Hz generator and 8000 RPM for the
400 Hz generator.

(U) Each GIG set conprises a gas turbine, reduction gear, generator, governor,
fuel system self-contained |ube system enclosure and control system
Figure 2.3.3-3 and 2.3.3-4 show the turbine prinme mover mgjor conponents,
envelope, and weight for the 60 Hz and 400 Hz units, respectively,

(U)Each GIG is equipped wth an electrical starter operating from its own
dedicated 24 V dc battery system On starting, in-rush currents of
2000 anperes exist and voltage dips below 15 volts wll occur. These 1 zge
voltage dips dictate the need for an individual, dedicated battery and
charger/power supply for each of the GTG's. This arrangement also ensures
very high starting reliability, positively gquaranteeing "blackship" starts.
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(U) The ME 831-800 gas turhine engine provides bleed air from its conpressor.
This source of conpressed air constitutes a cost and weight effective
means for starting the lift or propulsion gas turbine engines. The
maximum air bleed rate is 104 lbm (0.786 Kg/s) from each turbine, and the
output of two turbines, cooled through a heat exchanger is required to
start the LM500 (or FT9 A-24). The bleed air power drain is substantial
during the engine starting cycle, so the off-line GT6s are available
to perform this function without disturbance of normal power generation.

(U)The 400 H and the 60 Hz distribution swtchboards are identical in
construction. Typical outline dimensions are shown in Figure 2. 3.3-5,
Local control devices and instrumentation for GTG's are provided wthin
a control cabinet located on the GIG  Switchhoards are of the free-
standing, dead front type, constructed wth alunminum framng and
sheeting.  Access space is provided at both front and rear of each
switchboard.  All devices for the remote control and nonitoring of the
switchboards are conveniently termnated at terminal boards in the
rear of the swtchhoard to facilitate connection of the ship's cables.
Reverse power protection for the generator sets is provided wthin the
swi t chhoar ds.

g

(U) ¢circuit breakers nounted within the switchboard are of the proven
reliable ML-SPEC type. Mlded case AQB Type circuit breakers are used
within the distribution system to achieve reduced

system weight and cost. ‘the AB Type bus tie and shore power circuit
breakers are equipped with notor operated devices to enable renmote
operation.  The generator circuit breakers are ACB Type.
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Figure 2.3.3-5 (U): Saitchboard Arrangement (Typical) (1)
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(V) 2.3.3.2 Ceneral  Schematic -- An electrical system general sche-
matic is shown in Figure 2.3.3-6, This shows the conplete independence of
the two primary power systems (60 Hz and 400 Hz) from each other.  Each
generator, both 60 Hz and 400 Hz, have an associated switchboard |ocated
in the same room with its generator, The locations of the generators have
been nmade so that the three units for either system are dispersed one
from the other, with two being low on the third deck and one high on the

main deck.

(U) Shore connections for hoth 400 Hz and the 60 Hz systems are made at connector
receptacles located near the centerline on the 02 level. Inter locking is
provided between the shore connection and the swtch-board-nmounted shore
power circuit breaker to prohibit make-or-break of the shore connection

under | oad.

(U) Each circuit breaker has been selected to provide adequate protection in
the event of a fault. A sequenced opening of breakers will occur wth the
generator breaker operating last. Should distribution circuit breakers open,
manual resetting of the breakers is required as a safety feature to ensure

that the fault or overload is first removed. Selected breakers my be remotely

opened for damage control purposes but manual reset is required. Large power
consumers are fed directly from swtchboards while smaller consumers are
routed to power distribution panels located throughout the ship.  Transforners
are located in close proximty to distribution panels for loads requiring
voltages other than generated voltage. Voltage and frequency monitors (VFM
are provided where required for protection of 400 Hz electronics.
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W.3.3.3 General  Arrangement -- The six GIG sets are installed in

four different roons, separated from each _pther by at least two w;at;qr-tight_bplghe,ads
GIG Rooms 1 and 2 are symetrically arranged and |ocated on the third

deck at the outboard extremes of the ship, as illustrated in Figure 2.3.3-7,

Figure 2.3.3-7 also shows the location of the w GTGs (one 60 Hz and

one 400 Hz) within each room

() ore Roons 3 and 4 are located port and starboard on the main deck, just

forward of the conbustion air inlet plenum Room 3 contains one 400 H
GIG as shown in Figure 2.3.3-8. Room 4, on the port side, contains one
60 H GIG and is arranged simlarly to Room 3. The starting/control

battery, battery charger and swtchboard for each of these GTGs are
also located within the roonms.
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(U) 2.3.3.4 Electrical System Characteristics -- The estimated load

()

under the most demanding condition is approximately 500 kW of 60 Hz
power and 500 ;{w of 400 Hz power. Therefore, the normal operating con-
figuration requires two each of the 60 Hz and 400 Hz generators to be
running, leaving one of each type in reserve. These off-line reserve
generators are automatically started when required, and are thus func-

tionally equivalent to conventional “emergency” generators.

The GTG sets and associated switchboards are arranged for remote control
and monitoring and for limited local control. Automatic and manual con-
trols are provided for remotely paralleling the three 60 Hz generators

and for remotely paralleling the three 400 Hz generators. Both the 60 Hz
and 400 Hz systems are equipped with voltage and frequency trim controls,

load shedding, load sharing, malfunction shutdown, overload controls,
and warning alarms.

(v The control systems provide corrective measuras for sustained overload

()

or a generator failure. These provisions include automatic start’ of an
off-line generator and automatic paralleling with the system bus. In

the event of failure of an on-line generator, an automatic load shedding
scheme protects the remaining vital loads. Manual reset of breakers

is required following load shedding as a safety precaution. Sustained
generator overloads activate an automatic sequence to shed non-vital
consumers, and to start up and parallel an off-line generator if necessary.
Failure or malfunction of an operating generator also results in immediate
automatic startup and parallel operation of an off-line. generator. The
system provides ample capacity for across line motor starting of the
largest motors currently identified or anticipated for consumers.

Two power sources are supplied for all vital loads. The lighting,
“Circle W' wventilation, electronics, fire pumps and ship’s control
receive normal power from one switchboard and an alternate supply from
a differen: switchboard via a bus transfer device located near the using
equipment . Other vital consumers are supplied from a different switch-
board for each element of a vital equipment pair, to assure continuity of
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service. Thus, in the event of a failure or casualty of the power supply
to any vital load, all that systems' generators or switchhoards (60 Hz
or 400 Hz) would have to fail to create a total loss of power.

(U) A radial lighting distribution system is enployed that consists of 450 V,
60 Hz feeders from the ship's swtchhoards reduced through suitable
transformer banks to 120 V distribution panels within each cube. The
distribution panels supply centrally located distribution hoxes, which
distribute power to individual local lighting circuits. Vital [lighting
in spaces, as defined under "Energency Lighting System in Section 331b
of the GSS s provided with a normal and alternate source of power through
automatic bus transfer equipment, since this results in the sinplest
back-up  arrangenent.

(U Red lowlevel illumnation is provided for standing lights, access routes
and spaces requiring dark-adapted vision. Battery powered hand [lanterns
are provided throughout the ship to supply a limted amount of illum na-

tion in the event that other Ilighting sources fail.

(u)y 2.3.3.5 Electric Plant Weight Breakdown -- The following Table 2.3.3-
shows the estimated percentage weights of the major equipments and conponents
of the electrical system

Table 2.3.3-1 (U: Electric Plant Wight Breakdown(U)

SUBSYSTEM PERCENT OF SYSTEM
Gas Turbine Generator Sets 20.0
Turbine support equi pment 14.0
Switchgear, panels, fixtures 35.2
Electrical Cable 20.5
M scel | aneous 10.3

(1) General Specification for Ships of the U S Navy
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(" 2.3.3.6 Technical Risk Areas -- The electrical system provides
high confidence that the requirements for electrical power wll be com
pletely met, regardless of operating condition, The associated trade-off
studies provide assurance that the baseline system can be inplemented
with off-the-shelf equipment and at conpetitive prices. This system
features SiXx generators, of which only four are required to supply the
maximum load. This offers advantages over other configurations which
depend on a smaller number of larger generators. These advantages include:

e A turbine or swtchboard failure has less inpact on total
power generation capability.

® Major conponents are snaller and easier to remove for
depot repair or replacement.

[ ] Swaller GIG envelope and smaller exhaust piping allows greater
installation arrangement flexibility.

) Set enclosures are smaller and easier to remove in confined

GIG roonms.

It is feasible to provide a reserve GIG for each power frequency.

(U The power distribution system is closely patterned after those standard Navy
practices presented in GSS Sections 300 and 320 and in appropriate Design

Data Sheets. Mnor variations only have been made, including (1) the addition
of a ring bus arrangenent for added flexibility and reliability, and (2)
substitution of disconnect switches for circuit breakers at one end of each
bus tie cable to achieve weight and cost savings. Therefore, wth high
confidence, the system wll provide satisfactory and reliable system per-
f or mance.

(U) The conposite design of the electrical system and the definition of its
individual conponents functional and physical characteristics is considered
a source of low risk. This conclusion is based on the ready availability
of the chosen hardware, as well as its statistically proven performance
and the straightforward integration of the overall system
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2.3.4 COMMND, CONTROL AND COMMUNI GATIONS  (c3)

 2.34.1 Summary Description -- c® functions are acconpl i shed by
subsystems and equipnments arranged and integrated to optimze the col-
lection, evaluation, display, and dissemnation of data and intelligence
supporting command and control. The ¢’ system includes equipments for:

e Display
o Data processing
e Navigation and collision avoidance

e Interior commnications

Exterior communications

(U) The ¢ system interfaces with Conbat System elements for underwater,
surface and air surveillance, as well as Combat System fire control and
weapons el enents.

(U Worldw de navigation capability and continuous absolute and relative
position as well as ship's speed, heading, drift angle and attitude, are
provided by the navigation system  The navigation system includes the
hardware and data processing necessary to receive and integrate signals
from an inertial navigation system (SHPS-G5683; TYPE Il), and from
Orega (SRN17) and satellite radio navigation (AN/WRN-5; SATNAV).

(Uy The surrounding surface environment is nonitored to provide the capability
to sense and quantitatively measure potential collision situations. The
collision avoidance subsystem displays the surface situation and conputes
trial evasive maneuvers so that the ship may safely avoid predicted areas
of danger. Navigation aids, shoals, and other significant data are stored
for display as a synthetic map along with radar derived data as an aid in
coastline, harbor, river, and shoal area piloting.

(U 2.3.4.2 List of ¢> Equi pnent -- The list of ¢ equi pment is contained
in Appendix C. Interior Communications and Navigation Equiprment are
separately identified. The Ilist itemzes equipment physical charac-
teristics, weight and ship services requirements.
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Col I ection, evaluation, display and dissemnation of information relative
to the friendly and enemy environment, and control of sensors and wea-

pons is centralized in a conbat information center (cIC). FEquipment and
operator stations are arranged on the basis of functional adjacency require-
ments to inmprove reaction time and permt positive control over weapons and
Sensors.

(U The AC arrangement permts evaluation of the air, surface or subsurface

(v

(V)

environment from a centralized station. The CIC operators exercise control
of all weapons, sensors and displays and keep the comvanding officer ap-
prised of the tactical situation.

Miltiple path exterior comunications are provided, and comunications
equipment is arranged functionally in a mnner consistent wth mninum
manning.  Transmtter and receiver groups are located in the transmtter
room adjacent to the communication center. Remote control devices for

transmtter and receiver groups are centrally located in the comunication
center.

2.3.4.3 c System Wights -- The following table 2.3.4-1 delineates
the weights of mjor o subsyst ens.

Table 2.3.4-1 (U): €3 Subsystems Weights(U)

SUBSYSTEM %Z OF TCTAL

Command & Control . 15,5
System

Navi gation  System 10.9

Interior  Comuni - . 45.6
cations

Exterior  Comuni - 28,0
cations

System Total
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2.3.4.4 c? System General Arrangenents and Function Block Diagrans

c? system arrangenents of the ANVCE Near Term Point Design SES are con-
tained in Appendix B, Section B.S. Aso included is an overall system
block diagram enconpassing mly C° e'ements but also elements of the
ship's conbat system deseric d in Section 2.3.7 of this report and a
matrix of interior communications voice systems on the ship.

The drawings are grouped in the Appendix for consistency of report format
and the benefit of the reader.

2.3.4.5 c® Risk Assessment -- Only Navigation and IC Systems were
evaluated in terms of risks. The remainder of ¢ systems are conprised
of governnment furnished or government nomenclatured equipment with mnimal
risk to the near term SES design.

Since the Navigation and Collision Avoidance Systems (CAS) are conprised
almost entirely of government nomenclatured equipnments, there is |ow
technical risk in its inplementation. Mdifications to the AN/APS-116
radar constitute the principal departure from nomenclatured equipnent.
There is low technical risk involved in developing the required NAVCAS
conputer programs.  The CAS consists of the followng elenents:

a. CAS control and display

b. AN/APS-116M (ol lision Avoidance Radar Subsystem with its own
dedi cated control unit

c. CAS data processor and conmputer programs (AN UYK-20(V))
d. cas water depth sensor

e. CAS map data storage

f Low light level television (space and weight)

g. Radar Beacon (space and weight)

h. Back-up search radar AN/SPs-55 (part of Surface Surveillance,
Section 4.4.6)

152

UNCLASSIFIED




UNCLASSIFIED

(U) Navigation and collision avoidance equipment was selected from Navy
inventory items to neet the accuracy, reliability and special require-
ments of the near term SES. The interior communication system (IC)
equi pment group provides the means and methods for directing functions
within the near term SES other than for weapons control, by the transnisin
and reception of orders and the exchange of information by electrical and
audible means. The IC equipment group also provides audio and television
entertaiament. All 1C system equipments are standard equipnments and
involve minimum risk.

153

UNCLASSIFIED




)

)

(u)

)

)

UNCLASSIFIED

2.3.5 AUXI LI ARY  SYSTEMS

2.3.5.1 Auxiliary Systems Less Lift System -- The near term SES auxi-~
liaries conbine traditional shipbuilding experience wth innovative
design.  The auxiliary systems were developed for operational require-
ments wth performance, reliability and low weight as primary objectives

2.3.5.1.1 Climte Control System -- The Climte Control System consists
of the conpartnent heating, ventilation, and air conditioning (HVAC)
system machinery space ventilation, and rhe ship's stores refrigera-
tion system

Heating, Ventilation and Air Conditioning (HVAC) -- The
HVAC System provides conditioned air to various spaces and/or mgjor
equi pment  located throughout the ship. The system conbines electrica
resistance heating; meachnical fresh air supply and exhaust; and
recirculating air conditioning. The system features 400 Hz electric
motor powered packaged air conditioning plants and 400 Hz electric
motor driven axial flow fans.

Machinery Space Ventilation -- Thirteen air supply systems
supply 100 percent summer cycle outside air to all auxiliary machinery
rooms, electrical generator roonms, [|ift fan rooms, |ift fan engine

rooms, and main propulsion engine rooms. There are no duct preheaters
for heating air in wnter cycle

Refrigeration System <- Two separate 400 Hz motor driven
centrifugal, packaged type, refrigeration plants are provided for
ship's stores refrigeration. Each refrigeration machine supplies
freon to the cooling coils inthe freezer and chiller spaces. (ne
unit mintains the required tenperatures for both spaces during normal
operation with redundancy provided by the second machine; two refrigera-
tion machines are used for pulldown.
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(®) 2,3.5.1,2 Seawater Systens -- The Seawater Systens consist of all

Up

Q)]

D)

)

seawater supply and drainage systems. These include fire main, sprink-
ling, auxiliary seawater, scuppers and deck drains, plunbing drains
and drainage systenms.

Firemain and Auxiliary Seawater System -- The seawater
services are furnished by a single conbined firemain and auxiliary
seawater system

The system is arranged as a firemain for danage control considerations,
and separated into fire and auxiliary service functions at the respec-
tive required pressures. Four each centrifugal Dunps are used. They are

each capable of a delivery of 400 gpm (.252mm 3/5) at 125 psig (0.862
kPa) .

Scuppers and Deck Drains -- The scuppers and deck drains
consist of all space deck drains at and above the second deck.  Space
deck drains (with GRP piping) from wet spaces and fan roons are com
bined and directed overboard via scupper valves, The overboards are
located on the third deck above the full load waterline to reduce
drag.

Plumbing Drains -- The plunbing drains are vacuum assisted
which collect soil wastes from water closets and urinals, and
waste drains from showers, lavatories, sinks, laundry, galley, and
scullery.  The drains are led to a vacuum collection tank from which
wastes are either discharged overboard or directed to the collecting
holding and transfer tank (CHT). Connections are also provided
for discharge to shore receiving facilities.

Drainage System -- The drainage system consists of a min
and secondary drainage system which provides the drainage for the
machinery spaces and other spaces on and below the third deck. The
nmain drainage eductors of 500 gpm (O0.317 mm3/s) capacity are provided
for the propulsion engine rooms and the waterjet punp rooms. Eductor
actuating water is provided by the fire main and auxiliary sea water
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system. Discharge is ox}e,i-bbard above the full-load off-cushion waterline,

2.3.5.1.3 Fresh Water Systems -- Fresh water systens include the dis-
tilling plant, the potable water system the turbine water wash systens,
the cooling water system and the auxiliary fresh water cooling system

Potable and Fresh Water System -- The potable water system
is basically a standard shipboard system The fresh (wash) water
system operation is nmanaged to reduce storage requirements. GRP
piping is utilized to the maxinmum extent practical.

Cooling Water System and Auxiliary Fresh Water Cooling
Systems -- Two electronic cooling water systems are provided: the
cooling water system (freon cooled) and the auxiliary fresh water
cooling system (seawater cooled). Cooling water for electronic equip-
ment is provided by a closed loop system in accordance with pertinent
NAVSH PS  drawi ngs.

2.3.5.1.4 Fuels and Lubricants Systems -- The light weight fuel and
lubricants system is a straightforward design featuring comon func-
tional mnifolds and mniml connections. The system consists of
the ship's fuel oil system and the aviation fuel system where a
common fuel (JP-5) is used for all ship fuel services.

Ship's Fuel O System -- The ship's fuel oil system

consists of the fill, transfer and service.

o Fuel OI Fill -- Fueling of the ship is provided at port
and starboard fill stations. The fueling stations
utilize seven inch (0,18 m probe receivers, each capable
of 3000 gpm (1.89 mm3/s). There are 23 fuel tanks.

o Fuel (G| Transfer -- Provision is mde for transferring

fuel between tanks to shift the ship's center of gravity
for optinum operating conditions. The 400 gpm (.252
mm3/$) purps also transfer fuel to the fuel oil
storage tanks, 156
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¢. Fuel Q1 Service «= The two deep fuel oil service tanks
are located amidships, port and starboard, with their
adjacent fuel centers including functional manifolds,
pumping equipment, filter coalescers and proper distribu-
tion lines. The port and starboard fuel service sub-
systens have the capability of cross-feed (redundancy)
in emergency conditions.

Aviation Fuel System -- The aviation fuel system consists
of the helicopter fueling and service system  The system includes
two service tanks that are filled from the ship's storage tanks
through filter coalescers.

2.3.5.1.5 Air, Gas and Mscellaneous Fluids -- The air, gas and ms-

cellaneous fluids consists of conmpressed air systems, nitrogen systens,
fire extinguishing systems, and hydraulic fluid systens.

'Conpressed Air Systems -- Both low pressure and high pressure
air systems are provided.

0 Low Pressure Air System -- The low pressure conpressed
air system is furnished by bleed air from the GIG and
main propulsion engine gas turbine. The low pressure

conpressed air system comsits of ship's service, control
air, and starting air system

0 High Pressure Air System -- A high pressure air system
is provided for charging M<-32 torpedo tubes. A nomnal
3000 psig (20.68 MPa) conpressor, dehydrator and air
flasks are used for this particular launch activity.

Nitrogen System -- A Nitrogen System is provided for helicopter
services. The nitrogencharging station in the helicopter hangar consists
of five cylinders and a variable regulator capable of supplying 70
to 3000 psig (.048 to 20.68 MPa)of oil free nitrogen for helicopter
tire inflation and other helicopter services.

157

UNCLASSIFIED




v

(U)

)

 UNCLASSIFIED

Fire BExtinguishing Systems -- The fire extinguishing systens

on the ship consist of AFFF, Halom (FE 1301) fixed flooding systens,
hi -expansion foam and portable Halonm extinguishers.

e A high capacity AFFF proportioning system is provided
~for the helicopter hangar and landing area. A fixed
sprinkling system is provided for the hangar and two
hose stations are provided port and starboard on the
landing platform

e Fixed flooding Halom systenms which neet the requirenents
of NFPA No, 124, are the primary fire extinguishing
systems for propulsion engine rooms; [|ift fan engine
roons; auxiliary machinery roons; waterjet punp room
and electrical generator roons.

e A high expansion (H-X) foam system is provided
as a secondary (backup) system for the Halon fixed
flooding systems, Port, starboard, and amdships pro-
portioning units are supplied from the fire.min system

-Hydraulic System -- A centralized hydraulic system provides
hydraulic flow for the subsystems and incorporates a [|ightweight
flexible power distribution system capable of rapid response. QOpera-
ting node evaluations indicate that the main dydraulic power can be
delivered by two hydraulic pumps driven by the lift fan engines.
These punps will be augmented by electric notor-driven punps of com
paratively small flow rate during peak hydraulic load activities.

The motor-operated pumps will also be used during off-cushion and in-
port operations.

The maxinum system hydraulic power available is 273.5 gpm (0.173 mm3/s) at
3000 psig (26.68 MPay; hydraulic fluid in accordance with ML-H83282 will

be used,
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2.3.5.1.6 Underway Replenishment System -- The Underway Replenish-.
ment  System conprises the Replenishnment-at-Sea System and the Ship
Stores and Personnel and Equipment Handling.

Repl enishment at Sea -- Replenishnent at sea is provided
for by VERTREP and alongside refueling. A conbined VERTREP, HIFR

and Helicopter Landing area is provided on the main deck aft of the hangar.

Stores, Personnel and Equipment Handling -- Strikedown has
been sinplified as nmuch as possible by arrangement of magazines,
storerooms and refrigerated spaces on the main and second deck for
each of access. Handling on the main deck will be by hand pallet
trucks, package truck, and nmanual neans. Mterials to be struck
down to the second deck will be conveyed by a vertical conveyor,
located starboard. A stores handling area is provided on the second
deck. Heavy itens wll be handled by davit and nonorail, The -o-loca-

tion of galley and refrigerated spaces elimnates need for a dimb-
wai ter.

2,3.5,1.7 Mechanical Hndling System -- The mechanical handling systens
are the anchor handling, mooring and towing, boat handling, hangar
door, and the helicopter securing-and traversing system

Anchor Handling System -- The basic requirenents are anchor-
ing with a 70 knot (36.01 nfs) wind velocity, a 4 knot (2.06 nis)
current velocity, and in 40 fathoms (73.15 m water depth,

A single anchor, of the Danforth H Tensile type, was selected on the
basis of the recomended criteria.

Mooring and Towing. System--Three line handling capstans
are provided to facilitate mooring alongside piers and other ships.

Boat Handling and Stowage -- Boat handling facilities consist
of abandon ship equipment and an inflatable hard bottom boat for use

159

UNCLASSIFIED




w)

()

n

UNCLASSIFIED

during helicopter plane guard operations and for nan overboard recovery.

Six MK-V inflatable Co, tuenty five-man life rafts are provided in
standard containers.

Hangar Door System -- Horizontally deployed hangar doors
are used and consist of vertical hinged panels which travel on hori-
zontal tracks. The doors are mounted under constant tension by spring
| oaded lower roller bearings that apply tension to upper roller bearings.
Door operation is by an electric notor and gearbox drive.

Helicopter Securing and Traversing -- A helicopter Securing
and traversing system wll be installed, but its final design has
not been made. Alternatives which will met the design requirement
with use of mninum space and weight include a present preference
for a modified version of the prototype being developed by the Navy

for use aboard aviation facility ships. The unit is mdified to
acconmodate two (2) helicopters.

2.3.5.1.8 Special Purpose Systems -- The Special Purpose Systers con-
sist only of the Environmental Pollution Control System  The Environ-~
mental Pollution. Control System is concerned primarily with the solid
and liquid wastes produced by the ship. The prinary item is the

ol lecting, Holding and Transfer (CHT) tank which collects all

plumbing and fresh water drains. The holding tank is sized to accommo-
date one day's waste. A sewage punp is used to discharge waste from
the vacuum collection tank to the CHT.  This same punp (a standby

punp is provided) is used to discharge the CHT to a shore connection.
A sewage eductor is used outside of the contiguous zone.

(U) Garbage is ground and flushed, wia the vacuum collection tank, to

the CHT, Solid trash is treated by conpaction and retained aboard for
disposal at a shore facili:y.

Contamnated oil drains (fuel, lube oil, helo defuel, stripping Iines,
etc.) are discharged into an oily water drain tank.  They are punped
to share facilities by the waste oil drain punp.
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(U) 2.3.5.1.9 Auxiliary Systems Percentage Weight Breakdown -- Table 2.3.5-I
shows the estimated percentages for major auxiliary subsystenms |ess the
lift system

Table 2.3.5-1 (U: Auxiliary Systems Percentage Weight Breakdown
(Less Lift System) (U)

SUBSYSTEM % OF SYSTEM

Heating, Ventilation, and
Air Conditioning 13,

Seawat er 15.
Fresh Vater 9.
’ Fuels and Lubricants 10.

Handling and Storage
Air, Gas, and Msc. Fluids 19,

Mechanical ~ Handling 19.
Special  Purpose System 11.
M scel | aneous 1.
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2.3.5.2 Lift System

2.3.5.2.1° Air Distribution Summary Description -- Lift system air
distribution consists of tw sets of |ift machinery and ride contro
equi pment  schematically shown in Figure 2.3.5.2-1. Each set of [ift
machinery is arranged in an in-line configuration, one set on each side
of the ship. Power for each set of [ift mchinery is supplied by an
LM 2500 gas turbine engine. The required power and speed is delivered

“to the lift fans via the [ift power transmssion system which consists

of the reduction gear unit, shafting, and associated conponents. The
lift fans draw air through inlets on the ship's deck, and discharge
into separate and independent air distribution ducts. The forward fan
on each side of the ship supplies air to the bow seal, the center fan
supplies the cushion, and the aft fan discharges into the stern seal.
Each fan duct is supplied with a shut-off valve to prevent back flow
when the fan is not operating.

2.3.5.2.2 Seal s Summary Description -- The design for the bow and
stern seals utilizes a series of flexibly connected fiberglass planers

at the water interface. A nylon/elastomer pressure bag behind the planers
provides the force to contour and support the planers. Entitled the
Advanced Planing Seals, they are a new, inproved concept in SES seals

that combines excellent low drag performance wth rugged, high wear
resistaice qualities. The excellent wear resistance of the planing seals
is exenplified by high speed water inpact erosion of the glass reinforced
plastic (GRP) elenments, orders of mgnitude less than that occurring wth
the rubberized fabric mterial of the comon bag and finger seal systens.
The advanced planing seals also perform the normal and vital functions

of containing the air in the cushion, contributing to ship ride quality,
and providing pitch and roll restoring forces to the ship.
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(U) 2.3;5.2.3 General Arrangement -- The air distribution and seals are

)

(v)

(n

(v

arranged as shown in Figure 2.3.5.2-2. Details of the air distribution
and seals combined system are discussed in the next paragraph.

Power _Units == A total of two gas turbines, each driving three vG fans

through a reduction gearbox, are utilized in the SES lift system (e
LM 2500 is located on the starboard side of the ship and the othe on
the port side. Each gas turbine is independent of the other, and can
deliver 22,500 (16.78 kW) continuous shaft horsepower and 27,000 (20.13
kW) intermttent shaft horsepower. The link mounting system is identical
to that used for the propulsion plant LM 2500 gas turbines.

Power Transnission System == The power transnission System begins at
the flange which connects the power turbine to the reduction gearbox
shaft. A disc type brake is nounted on the s;earbox at the input shaft.
At the output side of the reduction gearbox, a torsionneter is installed,
Two diaphragm type flexible couplings are installed between the torsion-
meter  (gearbox output shaft) and the first |ift fan, one at each end

of the shaft. The driven power to the fan rotor is picked up through
the integral fan couplers. The integral fan couplers are those sections
of drive shaft within, and integral to, the fans which permt decoupling
of any fan. Flange couplings are wused at each end of the fan through~
shaft to connect to the drive shaft. A length of shafting and two shaft
bearing supports wth associated couplings are situated between the fan
couplers of the second and third fans. Seals are provided where the
life shaft penetrates watertight bul kheads,

The lift reduction gearbox is a parallel shaft design with an overall
reduction ratio of 1.93 to 1. The gearing is external double helical
of involute form and is case hardened and ground to AGVA quality 12 or
better.  The gear case is an alumnum casting.

The power transmssion system for each set of |ift fans is designed
to transmt a maxinum of 27,000 bhp (20.13 kw) from the gas turbine

UNCLASSIFIED
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through the reduction gears to the lift fans. The system is designed to
acconmodate a maximum input shaft speed of 3,600 rpm (60 r/s) from the

turbine and a maximum output shaft speed of 1,865 rpm (3108 r/s) from
the reduction gear to the fans.

Lift Fans -- The Lift and Rde Control System ues a total of six lift
fans. The fans are symmetrically located, three port and three star-
board, wth each group positioned in line on a common Shaft.

All of the Iift fans are identical except for assenbly differences that
depend on fan location. The fans are centrifugal type with an 86-inch
(2.18m) dianeter rotor, a housing, and variable geonetry elenents.

They incorporate double axial inlet design, airfoil shaped radial

bl ades, constant velocity volute housings, and a single circular discharge.
The variable geometry fan elenments (translating sleeve in each of the
inlets) are included for nodulating the air flow for ride control purposes.
The fan is shown in Figure 2.3.5.2-3. !

Included in the fan envelope are the self-contained rotor decoupler,
rotor bearings and coaxial lne shafting that pernft independent decoup-
ling of any fan while operating under any design load. The mechanisms
additionally provide for renotely activated recoupling of fans from

an at-rest condition.

Lift Ducting -- The lift air is delivered through ducts to the how seal,
cushion, and stern seal. The bow and cushion air ducts are short, conical
sections which act as diffusers to reduce high velocity losses. The
stern seal air duct is long in comparison and enploys turning vanes in
most elbows to reduce pressure losses. The long stern seal duct was
selected in favor of long shafting as a result of trade-off studies.
Ducting sizes are optimzed for the system operating conditions. Atten-
tion is given to the velocity of the air balanced against the space
allocation for the ducts,
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The four forward ducts have hydraulically operated butterfly type shut-off
valves located near the fans. A louvered type shut-off valve is located
over the stern seal in the long supply duct from the aft fan.  These
shut-off valves prevent back flow from the pressurized cushion if a fan
is not operating for any reason. A pair of stern seal transfer ducts is
also included in the lift system These ducts provide stern seal to
cushion air flow and contain throttling valves for stern seal to cushion
pressure ratio regulation.

Lift Ar Intakes -- The lift fan inlets supply atmospheric air to the
lift fans for pressurization and subsequent distribution into the
cushion, bow seal and stern seal. Five openings are provided in the
deck, port and starboard, to supply air for each group of three fans.

The intake openings are positioned directly above the [ift fan bellmouths.
Four of the inlets are 12.2 feet (3.72 m) wide by 4.4 feet (1.34 m

long; the fifth inlet, which supplies the adjacent inlets of the md

and aft fans is 12.2 feet (3.72 m wde by 89 feet (2.71 m long,

A fajring is provided around the openings to elimnate the ship boundary
layer air and surface water flowing on the deck from entering the fan

air inlets. The inlet design incorporates aerodynamc turning vanes

to direct the air flow dowward into the fan roons. The vanes pernit
recapture of about half the air velocity head across the deck. An
electrical heating system is incorporated in the vanes to provide anti-
icing capability. The vane walls of each flow passage are treated |,

to provide the necessary sound attentuation,

Ride Control System -- The ride control system integrates the variable

geometry |lift fans and vent valves and their associated actuators wth
appropriate ship notion sensors and the controller electronics into an
active system The total active system nodulates the seal and cushion
airflows to reduce the ship's heave accelerations to an acceptable |evel.
The primary ride control system uses the variable geometry fans to
control airflow.  Vent valves are provided to expand the flow range
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available in high seas and to provide maxinum versatility for RCS
devel opment .

The variable geonetry feature of the fans consists of hydraulically
transiated sleeves in the fan inlets, The sleeves have a maximm travel
range o 18 inches (0.46 m. Wen fully closed, they reduce fan flow
to less than 10 percent of design point conditions. The frequency
response bandwi dth of the sleeve actuating system is 0 to 2 Hz, The
nomnal maximum slew rate is 57 inches/second (1.45 ms),

The cushion vent system consists of two identical valve and duct arrange-
ments at the stern of the ship near the centerline. The ducts, as shown
in Figure 2,3.5.2=4 extend from the two wet deck cushion openings |ust
forward of the stern seal into the third deck area and out of the
transom of the ship. Discharging the vented air aft generates some
propul sive thrust. Hydraulically operated, fast response, |ouvered
valves are positioned in the ducts at the third deck level.  The valves,
as pictorially shown in Figure 2.3.5.2-S are designed as a battery of
modules for fast response, reliability, and ease of replacement, The
cushion vent ducting and valves acconmodate flow rates up to 60,000

cfs (28.3 m3/s). The valves are designed for a maximm pressure
differential of 600 psi (4.14 Mpa). Vent valve frequency response
bandwi dth is 2 Hz. Nomnal maximum slew rate is 2.5 full strokes

(cl ose-open-close) per second.

Advanced Planing Bow Seal -- The advanced planing bow seal is illus-

crated in Figure 2,3.5.2-6., Ceometry of the seal is given in Figure
2.3.5.2-7.  The seal consists of four main elements which are next
descri bed.

An elastomer pressure bag is attached to the bow at the 40 foot (12.19
m) waterline and normally extends aft in a continuous circular arc and

connects to the wetdeck. The bag is configured of eight identical
mdules with elastomer end caps at the sidehull interfaces, The bag
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and end caps provide a flexible structure which contains the bow seal
air while mninizing water ingress into the seal. The aft loop of the
bow bag contains slotted openings of fixed width to provide controlled
air flow between the seal and the cushion and to assure rapid water
drai nage.

The planer/stay portion of the seal consists of thirty-two (32) nodules
across the beam of the craft. These planer/stay nodules are constructed
of glass reinforced plastic {(GRP) and are attached to the wetdeck at

the 40 foot (12.19 m) waterline. The upper forward portion, or stay,

has relatively low stiffness allowing it to conform to the curvature

of the forward portion of the bow bag. Near the lowest portion of the
bow bag loop, the stays wden and are joined together by flexible sealing
strips to form a continuous fiberglass planer surface.

A 31-inch wide tapered GRP feather edge is attached to the trailing

end of each bow seal planer nodule. This feather edge, having increased
flexibility is used to attentuate the effective wave inpact on the seal,
assist in cushion sealing and inmprove the seakeeping capability of

the craft,

Each planer is supported by a geometry strap and a retract strap. The
strap provides md span support and geometric control of the planer
through the full range of sea states. The geonetry strap normally
carries a tension load due to the cushion pressure acting on the planers,
but my be unloaded for a short duration when encountering high waves

at a higher velocity.

A seal retract strap is attached to the retraction reel recessed inside
the hull and extends down to an attachment at the aft edge of each
planer, The straps provide for full retraction of the seals against
the wetdeck for off-cushion operation and also for adjustments and
trinmng of the seals for mininum drag during hunp transit, partial-
cushion and full-cushion operation.
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The 32 straps pass through slots in the wetdeck structure, and over
sheaves, before attachment to the retraction reel drums. Provision is
mde at each drum for unlimted strap length adjustment. Locks at

the retraction drive outputs prevent inadvertent seal extension by high
loadings.  The drive units allow for high and |ow speed seal retraction,
low speed extending adjustment, and the rapid free-wheeling extention
associated with the craft going on-cushion

Advanced Planing Stern Seal -- The stern seal is illustrated in Figure

2.3.5.2-8 and the seal geonmetry is given in Figure 2.3.5.2-9. P aner/
stay ecements are attached to the wetdeck and extend to waterline O.
These elenents are simlar to those of the bow seal, i.e., tapered
trailing edge. I-beam reinforced planing section, and highly flexible
stay section, with the exception being that the stays are the width

of the planer nmodule. Thirty-two modules span the beam of the craft.
The full width stays protect the elastomer bag nenbrane from the erosive

effects of direct high speed water inpact. The planer attachments are
identical to those of the bow seal.

A four-lobed bellows bag is attached between the wetdeck and planer to
contain air pressure wthin the stern seal. The bellows bag is built
in nodular sections and is fabricated of the same nylon/elastoner

material as the bow seal bag, Holes are located along the lower |obe
of the bellows bag and sized to permt rapid drainage of water.  The

four-l1obe bellows is optimum for seal spring rate requirements and for
tensile loading in the menbrane.

Convol ute tension cables are connected between the wetdeck and the
junctions of the lobes of the bellows bag in order to maintain the geo-
metry of the bellows bag through the entire deflection of the seal.
A set of |ower geometry straps, connected between the wetdeck and the
planer at the bellows bag/trailing edge junction, restrain the aft
movement of the seal. Retract straps are attached to each planer near
the planer's trailing edge and are connectad to the retract system
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(U) reel in a mnner simlar to the bow seal system  The stern seal
retraction system is simlar to the bow system

(U) 2.3.5.2.4 Tabulation of Key Paraneters -- The key parameters of the
lift system are presented in Tables 2.3.5.2-1, Lift System Physical
Paraneters, Table 2.3.5.2-2, Lift System Point Design, and Table
2.3.5.2-3, Seals Design Parameters.

169

UNCLASSIFIED




a3aldISSvIONN

0/T

1.

Table 2.3.5.2-1 (U): Lift System Physical Paraneters
UNI TS
ENGLISH (s1)

Engine - LM2500, 2 Required /?
Design Rotational Speed RPM (x/a) K(
Maxi mum  Continuous Power (MCP) HP )/
Specific Fuel Consunption (SFQ Lb/SHP-NIr (kN/}kW-Hr )
Maximum Intermttent Power (MIP) HP (kW) /
Vol ume Fe3 (m )/ %/
Basic Engine \eight Lb
Reduction Unit Wth Brake, 2 Req.
Power  Capacity UP (kW)
Gear Ratio
Cear Type: Single Reduction, Dougle WHelical Involute Tooth
Vol ume Fr3 (m )
i ght  Port Lb \}
Weight  Starboard Lb (kN) ~ ?/
Lift Fans (ALRC) 6 Required
Type :  Centrifugal, Dual Inlet, Constant Velocity Volute, Variable
Rotor  Diameter In (m)
Rotational  Speed RPM (r/s)
Tip Velocity FPS (m/s)

(Y

ENGLI SH

3500
22500
.40
27000
1064
10300

27000

114
4922
3762

Geonetry,

86
1450
544

VALUES

1.93

(s1)

(58.33)
(16785)
(2.39)
(20142)
(30. 129)
(45.817)

(20142)

(3.228)
(21.894)
(16. 734)

Decoupling Device

(2.184)
(24.17)
(165. 8)
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.+Table 2.3.5.2-1 (U: Lift System Physical Parameters Continued (U

UNI'TS VALUES
ENGLISH (sI) ENGLISH (s1)

Lift Fans (ALRC) Continued ‘}QM
Design Head Rise PSF (k/Pa) 333 (15.9)
Dasign Flow OFS (m/s) 6039 (171. 005)
Design FEfficiency, Fan ‘Percent 84
Specific Speed, Ng = :314 144
Exit Dianeter In (m) 82.5 (2.096) CcC
Design Exit Velocity FPS (m/s) 163 (49.7) Z
Maxi mum Rotational  Speed RPM (x/s) 1865 (155. 42) 2 ‘
Maximum  Flow (Approxi mate) CFS (m3/s) 10000 (283.2) > :
Maxi mim  Power UP (kW) 9000 (6714) 3
Transfer  Shafting =

m - o
Total Length Per Ship Ft (m) 104 (31.699) v |
Total  weight 2 Lb (kN) 8756 (38. 948)
Dstribution Ducting
Total  Length (%) per ship Ft (m) 532 (162. 154)
Total Veight 47 Lb (kN) 26631 (118461)
Fan Inlets
Type:  Flush Horizomtal with Acoustic Turning Vanes.
Velocity Ratio (IVR) at 80 Knots (Free StreamInlet Velocity) .70
Viei ght Lb (kN) 11910 (52.978)

e SR 5 R AN AN



[AA

Q31d1SSVIONN

Table 2.3.5.2-1 (U): Lift System Physica

Tot;l length from gear box interface to last fan.
Includes shafting flex couplings and bearing pedestals.
[ncludes ik control ducting.

Includes flex coupling and values.

Pan internal

Paranmet ers,

Continued (U)

shafting not included.
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Table 20 30 S . 2""2 (U)

Ship Weight:

Wave Height H1/3:

Ship Speed :
Pressures:
Bow:
Cushion :
Stern:
Total Flow Rate:
Lift System Efficiency:
Duct Losses:
Bow :
Cushion:
Stern:
Fan Parameters:
Speed:
Total Shait Power
Flow:

Bow:
Cushion:

Stern:

Engine Parameters (L¥2500)

Speed :
Total Brake Power
Total Fuel Flow

SFC

UNCLASSIFIED

LT (kN)

Ft (m)

Knots (m/s)

PSF (kPa )

CFS (m3/s)
VA

PSF (kPa)

RPM
HP (kW)

CFS (m3/ s)

RPY M

Hp (kW) /
Lbs/Hr (N/s)

Lbs ( N )
BHP-Hr kW-Hr
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Lift System Point Design (U} 7

&

3000/ (2.9892 E+04)

4.6 (1.40)

80 (41.2)

349 (16.71)
342 (16.38)
376 (18 .00)
37500 (I 061.88)

76.1

28 (1.34)
24 (1.15)

39 (1.87)

1535

29743

13146 (372.253)
13650 (385.525)
10721 (303.585)

3266

30661 (22873.1)

13556 (16.750)

442 (2.636)




Table 2.3.5.2-3 (U):

1. BOW SEAL LOADS
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Seals Design Load Parameters (U)

ELEMENT pEszen NOM NAL MAX] MUM
FACTOR WORKI NG LOADS
(M NI MM LOADS
Vet Deck Stay
At t achnent 2 2800 1lbs/ft 13,300 1bs/ft
(114,000 N'm (202,000 Nm
Fad et Deck Bag
At t achment 1.5 610 1bs/ft 19,200 1bs/Zt
(8,900 N'm (280,000 N/m}
Aft Wet Deck Bag
At tachment 1.5 380 1bs/ft 13,200 1ms/ft
(5,600 N/m) (192,500 Nn
Geonetry Strap 2 20,990 1lbs/strap 42,010 lbs/strap
(93,300 N'strap) (142,000 N strap)
Retract Strap 2 1,000 1bs/strap 38,250 1lbs/strap
(4,450 Nstrap (171,500 N strap)
Modul e-t o- Modul e
Joi nt 2.0 340 1bs/f: 975 1bs/ft
(5,000 ¥/m) (14,200 N'm
Pl aner -t o- Pl aner 2.0 1,000 1bs/ft 5,000 1bs/ft

(14,600 N/m)

(73,000 X/m)

() Maxi mum 1 0ad multiplied by its respective design factor is the
ultimte design
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Table 2.3.5.2-3 (U):
2. STERN SEAL LOADS

Seals Design Load Paranmeters (Continued) (U

ELEMENT DESI GN NOMI NAL MAXI MUM
FACTOR 1) WORKING LOADS
(MN MN LOADS
Planer  Attachment
to Wet Deck 2 710 1lbs/ft 8,650 lbs/ft
(10,500 N'm (126,000 N'm
Geometry Strap 1,420 1bs/strap 36,400 1lbs/strap
(6,320 N strap) (162,000 N strap)
Wet  Deck Attachnent, 1.5 1,440 Ibs 44,000 |bs
Ceometry Strap (6,400 N) (196,000 N)
Convolute Cable 2 8,426 1lbs/cable 15,690 1bs/cable
i (37,400 Ncable) (69,700 Ncable)
Retract Strap 2 9,000 1bs/strap 39,550 1bs/strap
(40,000 N'strap) (176,000 N strap)
Stern Bag Wet
Deck  Attachment 1.5 830 1bs/ft 13,200 1bs/ft
(12,100 N'm (193,000 N/m)
Pl aner -t o- Pl aner
Joi nt 2.0 1,000 1bs/ft 5000 1bs/ft
(14,600 N'm (73,000 N'm
(1)

Maximum load multiplied by its respective design factor is the:

ultimte design
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Materials Physical

Properties (U

Planer Materials -- Qoss UINITS varyes‘ D
Reinforced  Fabric Eng],uh (an English (s1)
meric Materials
S Type Oass
Epoxy Resin
:ain Cont ent
msile Strength 103psi 10“?3 29 (29)
Longi t udi nal 128 (610)
Transver se 110 (525)
.exible Strength 103psi lol‘Pa
Longi t udi nal 164 (795)
Transverse 142 (680)
lexural Modul es 106psi 107pa
Longi t udi nal 4.6 (21.0)
Transver se 3.7 (17.7)
Pressure Bag Materials
Elastomer Coated Fabric
:neric Materials
Nylon  Fabric
Neoprene  H ast omer
:ngile S:rength lbs/inch (N1
Warp 1805 316.00
Fill 1620 284,00
longation, Utinate 1 ]
Vérp 53 53
Fill 72 72
Pressure iag Materials == UNI TS VALUES
Elastomer Coated Fabric English (51) English (sI)
edght oz/sq. yd (kg/a®) | 90 3.0
joating Adhesi on lbs/inch (N'm
War p 70 12. 200
F i |1 62 10, 850
\age inches (m) 0.100 0.00254

M values for 0/90 degree
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(U 23525 Lift System Wight Breakdown -- Table 2.3.5.2-5 shows
the weight of each major lift system subsystem and each subsystems
percentage of the Lift System total.

Table 2,3.5.2-5(U), Lift System \ight Breakdown (U)

WEIGHT

SUBSYSTEM
kN

Engines 104.62

Fans . 204.26

Reduction Gear
and Shafting . 81.70

Seal's 309.88
Ducting . 73.73
Valving . 44,84
I nt akes . 87.68
Uptakes . 18.93

Support  System

LIFT SYSTEM TOTAL
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) 2.3.5.2.6 Lift System Technical Rsk -- The total |ift system risk
depends upon the individual co@onent risks. Considering the diversifi-
cation of functions and the number of conponents included in the [ift
system (lift air machinery, ride control elements, seals), the overall

risk is subjective and is based on the relative inportance of each func-
tion as follows:

e Lift Gas Turbine Engine System -- The LM2500 gas turbine
engine is a production unit and is in use in other mrine
applications. The integration of this power unit into the
lift system is well wthin present technological capabilities.

e Power Transmssion System -- Reduction gear design enploys
proven technology and simlar gearbox designs have been
utilized for mrine applications. The transmission system
arrangenent and conponent selection are proven and wthin the

present  state-of-the-art. There is no apparent devel opment
risk for this system

e Variable Geometry Fan -- The variable geometry fan concept
has been proven feasible by test at a number of scaled sizes.
Especially significant is the use of 1/4-scale ALRC |ift fans
with VG on the XR-1 testcraft. The lift fan design nust be
verified in terms of full-size ship requirements and integrative
ramfications.

e Duct Configuration -- The analysis of the lift system duct
configurations predicts the pressure losses wth a high degree
of confidence. The construction wuses proven marine/aircraft
concept s.

e Lift Ar Inlet -- The analysis supporting the lift inlet design
iS basud On existing aerodynamic flow concepts. The materials
and the shaping of the turning vanes are well wthin the current
technology of the marine/aircraft industry.

e Ride Control Valves -- The ride control valves are a type
simlar to that used successfully in the 100A program  Proven
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off-the-shelf type conponents are wused throughout the system
To further inprove reliability, the mechanism is a sinple
straight-forward linkage design simlar to aircraft |inkage
systems that are presently im use.

Advanced Planing Seals -- The success of the advanced planing
seals in the most recent model tests lends a high degree of
confidence in the design. The analysis of loads for the full-
scale configuration, along with the design objectives and
materials selections, indicate that all considerations are well
within the present state-of-the-art.
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(vy 2.3.6 OUTFITTING AND  FURNI SHI NGS

(V) 2.3.6.1 Key Features of 0 & F System -- Qutfit and furnishings (O&F
is conposed of a number of subsystems whose functional requirenents
include providing (1) habitable living and functional working spaces
for the ship's crew, (2) safety features and fittings such as rails and
lifelines, (3) ease of access to the working and living spaces, (4) protec-
tion against abrasion or galvanic corrosion for the hull structure (5)
insulation to provide passive thermal, fire and acoustic protection and
(6) storage and service spaces as required for the ship and its crew
to perform their mssion., Al O0&F subsystems conform to Ceneral Speci-
fications for Ships of the US. Navy and OPNAVINST 9330.7A (proposed).

(U 236.1.1 Habitability -- Crew living spaces are conpartmented with a
maxi num of 12 men to a compartment. CPO living spaces are conpartnented
with a nmaxinum of 5 men to a conpartnment. Officers stateroons are double

occupancy except that the Conmanding Officer and Executive Officer each
have single, separate stateroons.

(U Messing areas are located within a convenient distance of respective
crew living spaces. (ross-traffic has been avoided. The galley is
centrally located to serve the crew from one side and the CPO and comm ssioned
officers from the other, again, elimnating cross-traffic.

(u) Recreation areas are also located wthin a convenient distance of the
respective crew living spaces. The habitability spaces are all located

on the second deck and the watch stations are readily accessible for all
hands.

)y 2.3.6.1.2 Stowage -- Dy provisions, chill storage and freeze storage
are located next to the galley. The vertical conveyor is located within
a few steps of the galley and each storage area.  Supply Departnent

storeroonms and spare parts storerooms were located in areas of the ship
convenient to users (e.g., repair shops).
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Deck gear lockers are located near each mooring and towing station.
This provides convenience for stowing deck gear and facilitates keeping
the decks clear at all times.

2.3.6.2 Passive Fire Protection -- A fire protection system is
necessary as an element of damage control and rmust incorporate
within the system both active and passive means. The active fire
protection system is described in 2.3.5. The passive fire protection
system is designed to protect the primary structure until the active
system is brought into play.

For the design of the fire protection system the ship spaces were
grouped into two mmjor classifications: Goup 1, liquid fuel fire hazard
spaces, and Goup 2, solid combustible fire hazard spaces. In addition
to fire protection for these spaces, passive fire protection is provided
for the torpedo and small arnms magazines.

2.3.6.2.1 Qoup 1 = Liquid Fuel Fire Hazard Spaces -- Goup 1 consists

of all engine rooms, auxiliary machinery spaces, gas turbine generator
rooms and the helicopter hangar,

Passive fire protection for bulkheads and overhead structures for all
Goup 1 spaces are provided by a ceramc fibrous felt sandwich panel.

Panel Design -- The panel (see Figure 2.3.6-1) consists

of one inch (254 mm) thick refractory fiber felt of four

(4) 1‘:;1.:/ft:3 (191. 46 N/m) density (Carborundum Fiberfrax

felt or equivalent) between 0.010 inch (.25 mm) corrosion
resistant steel (CRES) half-hard front face sheet and 0.012
inch (.30 mm) aluminum marine grade, back face sheet.

Ceram ¢ tubular spacers 0.5 inch (12.7 nm) outer dianeter

X 0.156 inch (3.97 mm) inner diameter wth #6 CRES SCrews

and nuts are enployed on a lo-inch (254 wm) grid pattern to
maintain the panel thickness and hold the face sheets together.
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(u) Qose-out nenbers of the panel are 0,010 inch (.25 mm)
CRES half-hard channels with 1/2 inch (12.7 mm) flanges seam
hal f-hard channels with 1/2 inch (27 mm) fl anges seam
wel ded to the front face sheet and riveted to the back face
sheet .

(U)  Panel Attachment —- The panels are attached to the struc-
ture by screw attachment with #6 CRES screws to 0.06
inch x 0.5 inch x 1.0 inch (1.52 nm x 12.7 mm x 25.4 m)
alumnum rectangular tubing “furring strips", The furring
strips are attached to the structure by adhesive honding
with an adhesive modified with a fire retardant. The
panels are spaces from the primary structure with a 1/2
inch (12.7 mm) air gap.

w Panel Joints -- Panel joOints (see Figure 2.3.6-2) are
sealed from vapor penetration as well as heat penetration
by sandwi ching the panel ends between two strips of re-
fractory fiber felt which are conpressed between a 0.060 inch
(1.52 mm alumnum strip at the back of the joint and a
0.030 inch (.76 mm CRES strip at the front or fire threat
side of the joint. Corner joints are simlarly sealed
with 0.060 inch (1.52 mm) alumnum angles and 0.030
inéh (.76 "m) CRES angles which are used as corner trim
Wicking would be prevented by inserting the panels in
alum num channels which are adhesive bonded to the deck
with a fire retarded adhesive. A silicone sealant would
then be used to seal the panel in the channel.

(¢r)] Decks -- The decks in Goup 1 areas are protected with a
0.25 inch (6.35 mm) thick ceramc fiber mist felt insula-
tion (Refractory Products Conpany WRP-X-AQ or equivalent).
It is a nmoldable fibrous ceramc felt in an inorganic
colloidal silica binder and has a density of 15 lb/ft3
(717.99 N/m3), The felt is packed in plastic bags during
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(U shipment and storage to prevent drying. After adhesive
bonding the felt to the deck, it is allowed to air dry
and harden. The felt is bonded to the deck with an air-
setting ceramc cement (Carborundum Q180 or equivalent),
which has a layer thickness of 0,010 inch (.25 mm).
After air drying, the felt is faced with fiberglass cloth
impregnated with a fire retarded epoxy resin. The cloth
is an 1800 plain weave with a weight of 10 oz/ydz (3.33
N/mz). The epoxy resin is room tenperature curing (Shell
Epon 934 nmodified with fire retardant agents or equivalent).

(U Stanchions, Penetrations and Ladders == Stanchions are
protected by wrapping with 0.750 inch (19 mm thickness
of the nmoldable fiber moist felt insulation. The nist
felt is bonded to the stanchion with ceramc cement. The
moist felt is overlapped 1,5 inch (38.1 mm to prevent
a direct path to the protected nember. Al penetrations are
sealed to prevent passage of vapors. \here the penetrating
menber is exposed to a fire hazard, it would be protected
from structural collapse with moist felt insulation and/or
intumescent paint. Ladders would be fabricated from
corrosion resistant steel.

(U 2.3.6.2.2 Goup 2 -- Solid Combustible Fire Hazard Spaces == Goup 2

consists of all electru ~ spaces, living spaces and command centers.

Passive fire protection for bulkhead and overhead structure for all

Goup 2 spaces is provided by a refractory fiber felt sandwich panel sim-
lar to the panels used for Goup 1 spaces but with a panel thickness of
0.5 inch (12.7 m).

(U The decks are protected with deck covering underlay mterial and tile or

carpeting in these spaces, Stanchions, penetrations and |adders would be
treated as described for Goup 1.
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2.3.6.2.3 Magazi nes -- The passive protection for the mgazines is

one inch (25.4 mm thick lightweight glass thermal insulation on the interior
surfaces of the conpartments and 0.5 inch (12.2 mmj) thick fire protection
panels on the exterior surfaces of the compartnents.

2.3.6.3 Estimted Percentage Weight Breakdown -- Table 2.3.6-1 shows
the estimated weight percentage of the major conponents of the O&F System

Table 2.3.6-1 (U). Estimated Weight Percentage of Major
Conponents of the O&F System (U)

SUBSYSTEM % CF SYSTEM
Ship Fittings 2.6
Hul | Conpart ment ation 11.5
Presserve and Coverings 18.6
Hul | Insulation 42.9
Fur ni shi ngs 24.0
M scel | aneous 0.4
2.3.6.4 O0&F Arrangement Drawings -- Arrangements of O&F subsystems

are shown in the drawings contained in Appendix B, Subsection B.I. The
Hul | Insulation, Sheathing and Deck Covering System for the near term SES
is shown on drawings contained in Appendix B, Subsection B.6.

2.3.6.5 Qutfit and Furnishings Risk Assessment -- The fittings,
furnishings, coatings, and outfit items used on the ANVCE near term SES
possess proven shipboard capability, and are not peculiar to the SES.
Passive fire protection system concepts have been proven by an extensive
test program  Consequently, the risk involved is considered mniml and

IS no greater than that of the outfit and furnishings subsystems of con-
ventional Navy Surface Ships.
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(v 2.3.7 COVBAT SYSTEM -- The conbat systems of the ANVCE Near Term

)

Point Design SES consist of systenms that provide a capability in demon-
strating the mlitary value of an SES that performs anti-submarine war-
fare (ASW, anti-air warfare (AAW) and surface warefare (SW) naval
mssions.  These equipnents ae listed in Appendix C which contain6
wei ght, volume, geonetry, and service requirements for each item

The conbat systenb conprise subsysten6 for wunderwater, air and surface
surveillance. The subsystens consist of surface and air search radars,
passive ESM systems, towed and dipping sonar devices, and dispensed sono-

buoys.  Target identification and classification is acconplished by
an |FF system

Fire control systems are provided for surface-to-&r, surface-to-surface,
and underwater weapons. Surface-to-air and point defense weapons consi st
of vertially launched Standard mssiles, and dual O ose-In-\Wapon
System (CIWS) installations (space and weight). The anti-shipping wea-
pons are Harpoon and Mr48 torpedo. The Asw self-defense and offensive
weapon is the MK46/1 torpedo. Weapons and sonobuoy delivery for offen-
sive ASW operations is acconplished by helicopter (SH-3H). Space reser-
vations have been nade for future applications of mini-RPV's for SUW
target localization and weapon termnal guidance, as well a6 for

relaying sonobuoy field telemetry data.

2.3.7.1 Surveillance «= Air surveillance is provided by the air
search radar AN/APS-125 and DPEVE AN/SLQ-31(V2) or AN/SLQ-32(V2) systens.
A backup capability is provided by the MK92/3FCS.

Surface Surveillance is acconplished by the surface search radar AN SPS-55,
with a backup capability furnished by the collision avoidance and naviga-
tion system.
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Underwater surveillance is provided by the TACTASS AVSQR 19 and AN/AQS-
13D sonars. DIFAR An/SSQ53 and DICASS AN SQ 62 sonobuoys are dispensed
by helicopter (SH-3H). Sonobuoy data link is via UHF telemetry receiving
sets AN/SKR=3A.

2.3.7.2 Armament  --  Armament includes surface-to-air mssiles, sur-
face-to--surface mssiles, mssile launching systems and air drop and
over-the-side launched torpedoes. Small arms and pyrotechnic devices,
hi-rate gun nmunitions handling, and stowage facilities are also provided.
Armament mssile systems are controlled by the fire control system ele-
ments of Command and Surveillance. Torpedoes are controlled by underwater
fire control elenents.

(U) Armament provides the ship wth weapons and a means for delivery of those

weapons to counter air, surface, and subsurface threats wth provisions
for the follow ng:

0 Eight environnentally sealed and protected Harpoon nissiles carried

in four [|ightweight [|aunchers, each holding two cannister [aunched
mssiles.

o Eght environmentally sealed and protected SM1 mssiles carried
in four [lightweight vertical launchers, each holding two cannister
launched mssiles.

0 Two MK-32 triple torpedo tubes for the over-the-side launch of
MK-46  torpedoes.

0 Mscellaneous ordnance and small arns.

0 Space and weight reservations for two MK~"5 MD V torpedo
tubes for ship launch of two MK-48 torpedoes.

o Space and weight reservations for two M-15 MD 0 Jdose-In Wapon
Systens (Cl W)
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2.3.7.3 List of Conbat System Equipment -- The list of conbat
system equipment (non-variable load items) is contained in Appendix C.
The list itemzes equipment physical characteristics, weight, and ship
services  requirements.

2.3.7.4 Conbat  System and Mlitary Payload Wights -- Table
2.3.7-1 presents the weights of mgjor conponents within the combat system
and includes variable load elements. Table 2.3.7-2 shows nilitary pay-
load weights (C3 + Combat System) In accordance with ANVCE WP-002 defini-

tions.

Table 2.3.7-1 (U COMBAT SYSTEM VEIGHTS (U)

VI GHT
SWBS TITLE % OF TOTAL

450 & 460 Surveillance Sys { : 23.9
g 470 ECM
§ 480 Fire Control
| 711 auns
721 Launch  Devi ces
751 Torpedo Tubes
§ 761 Sl  Ams

782 Aircraft  \Weapon
" Handl i ng

| 783 Aircraft  Weapons.
St owage

R COVBAT SYSTEM TOTAL
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148’




()

()

UNCLASSIFIED

Table 2.3.7-2 (U MLITARY PAYLOAD VEIGHTS (U

TI TLE:

C&S Less
Nav & Internal
Communi cati ons

Ar manent 52.3 520. 92 29.1

Or dnance AT 7 475. 08 26.5
Helicopter  JP-5 30.5 | 303.70. 16.9.

TOTAL 180.001 ) 1793, 52 100,00

2.3.7.5 Combat System General Arrangements -- The arrangenents of
the near term SES Conbat Systens are shown in drawngs contained in

Appendix B, Section B.1 and B.7. The coverage of the weapons and sensors
are shown on the figures contained in Appendix B, Section B.2. The arm-

ment system functional block diagram is contained in Appendix B, Section
B. 7.

2.3.7.6 Combat System Risk Assessment -- The specified conbat
weapons and sensors suite is entirely Governnent-defined and has the mni-
mal risk associated wt;. well-funded developnent and selections from off-
the-shelf equipment itens.
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(U) 2.4 SURVIVABILITY AND VULNERABILITY
(U 2.4.1 SIQWTURE  CHARACTER STI CS

(U) 2.4.1.1 Radar Qoss Section (.3—-18GHZ) == Radar cross section not pro-
vided. Data not available.

(U 2.4.1.2 Mcrowave  Signature =- Microwave signature not provided. Data
not available

(U) 2.4.13 Infrared Sgnature -- Infrared signature not provided. Data
not available.

(U) 2414 Visibility == Visibility not oprovided. Data not available.

- (O 2.4.1.5 Acoustic Signature -- The airborne radiated noise signature
cones primarily from the engine conbustion air inlets, propulsion exhausts
and |ift fan air inlets. The total signature at a distance of one (1)
netre would be approximately 100 dB re 20uPa in the 250 Hz band.
Including spreading and absorption, a 45 4B sound pressure level in the
250 Hz band will be reached at approximately 500 netres.

(U Target strength, dB at a one (1) yard (0.9144 n) reference distance
(dB re 1 yd.), is shown in Table 2.4.1-1 and the underwater radiated
noise signature (dB re 1luPa) is shown in Table 2.4.1-2.

(C) The near term point design SES probably has a distinctive line spectra
at approximately 500 Hz. This relates to the blade passage frequency

of the lift fans. The acoustic signature wll probably show direction-
ality abeam and abaft the waterjets.

(QArborne radiated noise signature nay be reduced by treating the conbus-
tion inlet, propulsion exhaust, and fan inlets wth additional splitters.
Underwater radiated noise signature may be reduced by suitably treating
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TABLE 2.4.1-1 (O: Estimated Target Strength (dB) (U)

?:gégrrmu ASTET BEAM STERN/BOW
<4
On Cushion 15 | 2
£f£ Cushion 20 10
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(C) the engine and fan nountings. This wll reduce distinct spectral
lines, but will virtually do nothing to reduce the overall level in any
given 1/3 octave band, since most of the energy in any band results
from the inpingenent of the waterjet stream on the ocean's surface.

(U) 2.4.2 . HARDNESS -- Hardness features are not furnished. The near

term SES is not designed to warship hardness standards nor does it
feature armor protection.

TABLE 2.4.1-2 (C): Estimted Underwater Radiated Noise Signature
(dB re 1luPa) (1)

SHI P SPEED

10 knots 50 knots 80 knots 120 knots
(5.14 m/s)| (25.72 m/s) | (41.14 m/s) | (61.74 m/s)

I NTENSI TY -

gintensity of
H ghest Line
(0-100 Hz)

dintensity of
H ghest  Line
( 2 100 Hz)

Intensity of 1/3
Octave Band
2kHz
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3 / LOGE STI C CONSI DERATI ONS

(U) The principal logistic elenents contributing to the near term SES
design baseline are maintenance planning, supply support, ship manning,
training, technical publications, and support system requirenents,
I nterdependently and interacting with other requirenents, these elenents
affect ship sizing, light ship weight, variable |oad weight, and
i nherent design capabilities for performng selected missions. The

overall approach to logistics will support the near term SES design,
construction and fleet use.

(U The support system provides the |ogistic support resources required to
maintain the ship in an operational readiness condition capable of
neeting the availability requirenent of the missions. The |ogistic
support resources include personnel and training, initial and back up
inventory of spares and repair parts, industrial support facilities
(intermediate and depot support |evels) and common/peculiar support
equi pment (intermediate and depot repair shops). These |ogistics ele-
ments are displayed in the support system block diagram Figure 3-I
The support 'systemis conpatible to the maxi mum degree possible with
U S. Navy and other existing |ogistics support activities.
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) 3.1 RELIABILITY ~AND AVAILABILITY

Since Rohr Mrine, Incorporated, is not conducting the Supportability/

Availability analyses (ANVCE WP-—OOB)(D, availability block diagrams are
not a part of this report; however, subsystem availability predictions

applicable to the near term SES are a part of this report. In addition,
MIBF and MTTR data for mjor conponents of SES Subsystems are listed in

Paragraph 3.1.3 along with a utilization factor.

(n 3.1.1 ses UTILIZATION  (Not  Provi ded)

vy 3.1.2 SES SYSTEM AND SUBSYSTEM -- The predicted availability for
the near term SES is shown in Table 3.1-1. The predictions are based on
a ten-day mission. Availability is defined as the ratio of mssion
uptime to total at sea time scheduled for the mssion. The predicted
availability for the near term SES is high due to:

’ o Hgh reliability and maintainability of the stay-stiffened
planing bow and stern seals (e.g., all seal conponents can be
replaced without dry docking)

e Redundancy in the Lift and Propulsion Systens

e Hgh availability of the Hectrical, Auxiliary, and Conmand and
Surveillance  Systens

@ A Design approach that enphasizes RVA

(U The availability predictions listed in Table 3.1-1 are relative to a
mture design. Furthermore, these predictions are for a ship maintained
in accordance with the Mintenance Concept outlined in Paragraph 3.2.
The combat functions have not been considered in conputing these pre=
dicted availabilities.

(1) This is the understanding derived from the 20 Septenber 1976 neeting
at PM5-304. Rohr Marine, Inc., was to receive a "questionnaire/list
of required data" from NAVSEC. In the interim the informtion

’ submtted in this report presents data used in the Rohr Mrine, Inc.
RMA anal ysis.
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Table 3.1-1 (U). SES Availability Prediction for the Near Term SES (U)

SUBSYSTEM AVAI LABI LI TY PREDI CTI ON

Hul | Structures 0.9990
Propul sion  Plant' 0.9627
Electric Plant ) 0.9990

Command and Surveillance U 0.9828

Auxiliaries  Systems 0.9874

Lift System 0.9768
Overall  Ship 0.91

(0 3.1.3 RELI ABILITY AND MAINTAINABILITY DATA -- The R'M data pro-

vided in this subsection are for only mssion essential equipments.  Not
listed are equipment in the combat or C3 systems with the exception of
those functions required for maneuvering and navigation. The equipnent

REM data is listed by subsystem The following definitions apply to the
data lists:

e EQUI PMENT - Mjor equipnent group of function

o MIBF - Mean Time Between Failures, hours

e MITR - Mean Time to Repair or Restore (the times [isted
include a 50 percent allowance for conditions at sea)

o UL - UWilization Factor. That portion of time that the
item is in use during the mssion, hours.

e NR = Non-Repairable at sea.
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(1) 3.131 Propul sion Plant R'M Data

EQUI PMENT MIBF MITR UTI L
Conbustion Ar Supply Heating (NR) 11,500 5.0
Combustion Air  Supply 244,000 1.5 1.0
Conbustion Ar Supply (NR) 81,300 5.0 1.0
Gas Turbine 6,450 3.0 1.0
Gs Turbine (NR) 10,500 24.0 1.0
GTRB Lube Q1 Cooler 90,000 4.5 1.0
GIRB Luve Gl Filter = Supply 60,000 4,5 1.0
GTRB Lube Gl Filter « Scavenge 60,000 4,5 1.0
Flex Coupling (NR) 72,780 4.0 1.0
Tongue Meter 10, 000 1.5 1.0
Shafting and Bearings (NR) 11,600 6.0 1.0
Thrust  Reverser 6,150 6.0 0.1
Propul sor  (NR) 6,700 8.0 1.0
Waterjet - Steering 6,150 6.0 1.0
Exhaust  Duct 62,000 4.5 1.0
Exhaust Duct (NR) 300,000 15.0 1.0
GTRB (ooling Bl over 18,250 2.25 1.0
Lube O Punmp = Pressure 21,800 3.0 1.0
Att. Lube Ol Pump = Press. 34,500 4.5 1.0
Lube O Pump ~ Scavenge 21,800 3.0 1.0
Att. Lube QI Punp = Scavenge 34,500 4.5 1.0
Lube G Filter/Separator 30,000 4.5 1.0
Lube G Control Manifold 46,730 3.0 1.0
Lube G| Cooler 45,000 4.5 1.0
Vacuum Punp 18,250 2.25 1.0
Inlet Sensors and Control 5,000 1.5 1.0
Inlet Ranp Actuator 6,100 3.7 1.0
Inlet = Mscellaneous 91, 000 3.0 1.0
Inlet (NR) 45,000 15.0 1.0
Propul sion System = Msc. 10, 000 3.0 1.0
Sensors for System Control 10, 000 1.5 1.0
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3.1.3.2 Electric Plant R'M Data

EQUI PMENT
Engine Air Supply
Gas Turbine Generator 60 Hz
Gas Turbine Cenerator 60 Hz (NR)
Gas Turbine Lube G Cooler
Exhaust Duct (NR)
60 Hz Switchboard
60 Hz Power Panel
60 Hz Transforner
400 Hz Switchboard
400 Hz Power Panel
400 Hz Transforner
Cooling Fan
Lighting Vital Spaces (each light)
Gas Turbine GCenerator 400 Hz
@S Turtine (enerator 400 H (¥R)
28 VDC Rectifier
28 VDC Distribution Box
28 VDC Power Panel

" 208

MTBF MITR UTI L
70,000 1.5 1.0
8, 330 3.0 1.0
12,500 8.0 1.0
90, 000 4.5 1.0
26,000 5.8 1.0
645, 000 1.5 1.0
173,580 1.5 1.0
1,000,000 1.5 1.0
645, 000 1.5 1.0
173, 580 1.5 1.0
1,000,000 1.5 1.0
18, 250 2.25 1.0
1,000,000 1.5 1.0
10, 000 3.¢C 1.0
15, 000 8.0 1.0
.36,000 1.5 1.0
" 28,930 1.5 1.0
43, 395 1.5 1.0
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(1) 3.1.3.3 Navigation and Gollision Avoidance System RM Data
EQUI PMENT MIBF MITR UTI L
Ati-Qutter Cosrlision Avoidance Radar
AN/APS-116 1,100 4.5 1.
Anti-Qutter Collision Avoidance Radar
AN/APS<116 (NR) 10, 000 3.0 1.0
Surface Search Radar SPS-55 1,300 2.7 1.0
Surface Search Radar SPS-55 (NR) 12,000 1.8 1.0
Collision Avoidance Conputer AN UYK- 20 2,000 0.4 1.0
Navi gation  Computer AN UYK-20 2,000 0.4 1.0
Navigation Data Swtchboard 2,000 1.5 1.0
SAT- NAV 500 0.75 1.0
OMEGA 1,500 1.5 1.0
Inertial Nav 5, 600 1.0 1.0
Gyro (Types | and I1) 5,600 1.0 1.0
Depth Sounder AN/UQN-4 5,700 0.75 0.5
Doppl er  Speed  Sensor 1,000 1.5 1.0
Interior  Communications 20, 000 1.5 1.0
HF Transcei ver . 1,100 0.5 1.0
\ UHF Transcei ver 2,100 0.5 1.0
; VHF Transcei ver 2,500 9.5 0.1
) VHF Antenna (NR) 25,000 2.0 1.0
Transfer  Switchboard 16, 000 0.7 1.0
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3 Ship Controls RI'M Data

EQUI PMENT
Wheei

Aut opi | ot
Propul sion Power Lever Actuator
Lift Throttle

Lift Control (Ship's Control Console and
Propul sion Control  Consol e)

Autopilot Control Display Unit

Navi gation e« Collision Avoidance Display
Central Processing Unit

Fire Protection Controls

Electric System Control

Fuel Management Control

Auxiliaries  Control
Power  Supply

PPl Display

PPl Dsplay (NR)

Commanding Cficer Communications
Consol e

Ship's-Control Console -~ Monitoring'
Propul sion Control Console = Mbnitoring

210

MTBE.
5,000
1, 666
5,000
5,000

5,000
5,000
4,000
2,000
1,000
1,000
1,000
1,000
90, 000
4,000
4,000

50, 000
10, 000
10, 000
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Auxiliaries RIM

EQUI PVENT
Air Conditioning Unit
Recirculating  Fan
M xing Box
Supply Fan
Exhaust  Fan
Supply Fan =~ Machinery Space'
Exhaust Fan = Machinery  Space
Fire Punp (NR)
Distiller
Dstiller (NR)
Punp « Potable Water
Punp = F.W Transfer
Punp = Coolant,  Electronic
Demineralizer
Heat  Exchanger
Valve, Tenp. Control
Pump, Fuel Transfer
Pump, Fuel Service
Punp, Fuel Trim
F.O Filter
Manifold,  Fuel
Heat  Exchanger
Mass  Flow Miltiplier
Valve, Mtor Operated
Regul ator, Air
Air, Receiver
Hydraulic Punp =~ Att.
Hydraulic Punp - Mtor Drive
Filter, Hydraulic
Cooler,  Hydraulic
Control, Hydraulic System

Dat a
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MTBF MTTR
12, 650 4.0
13, 880 3.0
38, 080 3.0
18, 250 3.0
18, 250 3.0
18, 250 3.0
18, 250 3.0
10, 500 8.0

2,000 4.0

6, 000 9.8
15, 150 3.0
15, 150 6.0
15, 150 4.5
32, 860 4.4
90, 000 4.5
11, 700 3.0

3, 760 4.5

3,760 4.5

3,760 4.5
60, 000 4.5
10, 000 3.0
90, 000 4.5
50, 000 4.5
20, 000 3.0
46, 730 3.0
16, 700 4.5
15, 000 3.0
10, 500 3.0
60, 000 4.5
90, 000 4.5
50, 000 4.5

uTIL
0.5
1.0
1.0
1.0
1.0
1.0

—_ =
o O

[ T =T T I R i e =T o
owoooooo‘loo

= O
o o1

0.75
1.0
0.1
0.05
0.05
1.0
1.0
1.0
1.0
1.0
1.0
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W) 3.1.3.5 Auxiliaries R/M Data (Continued)

EQUI PMENT BF MITR UTI L
Regul at or, Hydraulic  Resevoir 23,365 3.0 1.0
Anchor Wndlass (NR) 3,350 5.0 0.05
Capstan Moring (NR) 3,350 5.0 0.05
Fuel , Pr obe- Recei ver 50,000 3.0 0.10
Pollution Control  System 10,000 3.0 1.0
Hangar Door - Actuation 10,000 4.5 0.05
Hangar Door « Manual 10,000 4.5 0.05
Sensors for System Control 10, 000 4.5 1.0
Auxiiiaries - Msc. 5,000 3.0 1.0
Fire Detection 2,000 1.5 1.0
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U) 3.1.3.6 Lift System R'M Data

EQUI PMENT MTBF
Gas Turbine 6, 450
Gas Turbine (NR) 10, 500
GTRB  Cooling Bl ower 18, 250
GTRB Lube Ol Cooler 90, 000
GTRB Lube O Filter = Supply 60,000
GIRB Lube Ol Filter = Scavenge 60, 000
Tor si onmet er 10, 000
Exhaust Duct (NE) 26,000
Reduction Gear (NR) 188, 000
Punp « Lube O Pressure 21, 800
Punp - Lube QI Pressure = Attached 34,500
Punp = Lube G Scavenge 21, 800
Punp - Lube O Scavenge = Attached 34,500
Filter Separator = Lube 0il 30, 000
Control Manifold - Lube Al 46, 730
Lube O Cooler 90, 000
Vacuum Punp 18, 250
Shafting & Bearings (¥R) 41,000
Dem st er 23,200
Lift Fan 28,190
Lift Fan (NR) 8,000
Shut Off Control Valve 5,900
Control = Ride Control Valves 10, 000
Ride Control Valve 5,900
Bow Seal (R) 6, 965.
Stern Seal (W) 6,965
Bow Seal Retract 9,120
Control = Bow Seal Ret. 5,000
Stern Seal Retract 9,120
Control «~ Stern Seal Ret. 5,000
Msc. Valves 6 Piping 10, 000
Sensors for System Control 10, 000
Transfer  Valves 5,900
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MITR UTIL
3.0 1.0
24.0 1.0
2.25 1.0
4.5 1.0
4.5 1.0
,5 1.0
1.5 1.0
5.8 1.0
8.0 1.0
3.0 1.0
4.5 1.0
3.0 1.0
4.5 1.0
4.5 1.0
3.0 1.0
4.5 1.0
2.25 1.0
6.0 1.0
1.5 1.0
3.0 1.0
18.0 1.0
4.5 1.0
3.0 0.1 £
4,5 0.1 «
4.3 1.0
4.7 1.0
4.5 0.052
1.5 0.05 <
4.5 0.05 &~
1.5 0.05 Al--
1.5 1.0
1.5 1.0
4.5 1.0
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(Y 3.2 MAI NTENANCE ~ CONCEPTS

In consonance with the 3gsgs TLR, the maintenance concept for neeting the objec-
tives and availability goal is to: () perform the preventive/corrective main-
tenance on critical equipment onboard; (2) accomplish the energency repair of
non-critical equipments with hele provided (VERTREP) augmentation from

the intermediate |evel support resources; and (3) defer/schedule all non=-essenti:
equi pment s/ conponents  maintenance for in-port availabilities. For design
purposes, particular enphasis was to be given to: (1) mximzation of the

use OF existing and projected Navy equipments to permt use of standard

mai ntenance procedures and supply support, (2) wuse of performance/condition
monitoring for detecting incipient failures for critical equipnents, and

(3) provisions for equipment accessibility to support a conmponent/modul e
replacement  strategy. The replacement strategy includes scheduled replace-
ment, replacement on condition, and replacement at failure depending on the
subsyst em equi pment criticality. Therefore, the mintenance concept in support
of near term SES availability and mssion is based on a number of

objectives and constraints.

() The miintenance objectives of the near term SES are:

o  Support the SES in the achievement of assigned test and
demonstration mssions while assuring safety of ship and
personnel, and meeting availability requirenents,

e Use the inherent maintenance capability of operator personnel.
o Mnimze shipboard maintenance manning.

o Mnimze "at sea" repair to the vital and critical equipnents
and conponents.

o Mnimze ship carried weight of logistic resources,

o Use the most cost-effective distribution of effort between
shipboard and off-ship maintenance.

o Use helicopte- service (V ERTREP) to provide logistics re-
sources not carried on board, i.e., personnel skills, special
tools and test equipment, spares, etc.
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o Wse the replace and restore concept to the naxinmum vice piece-
part repair

o Provide adequate accessibility for servicing to mnimze
secondary removal s/ repl acements.

o Miximze the use of existing and projected Navy equipments
to permt wuse of standard maintenance procedures and supply
support.  Navy rotatable pool stocks will be used as applicable.

o Achieve incremental subsystem overhaul by maintenance actions
and scheduled replacement of subsystems accessories and related
auxiliaries consistent wth the mgjor item replacement cycle

(U} The mintenance constraints placed on the near term SES are:

o Acconplish both preventive and corrective maintenance actions
to the maxinmum extent possible, while in port.

o g

o In view of the perennial need to mnimze shin weight, a
single item weight limtation of 160 Lbs (711.72 N, will relegate
a few "potentially repairable at sea" mintenance tasks, on
critical equipmeats, t0o a non-repairable at sea category

o At sea mintenance shall be limted to that required, consis-
tent with ship speeds and sea states.
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() 3.2.1 | NTERVEDI ATE  LEVEL SUPPORT -- Intermediate Mintenance

Activities (IMA's) wll acconplish PM not within the capacity of the ship's

crew. The IMA wll provide condition monitoring services not otherw se

within the capabilities of the nonitoring equipnment aboard ship, during

upkeep or Mintenance Availabilities'of the ship. Intermediate-|evel

mai ntenance for the near term SES wll include support from shore based and afloat
Intermediate  Maintenance Activities.

) 3.2.1.1 Shore Based Intermediate Facilities -- The shore based

intermediate level support wll provide the following types' of facilities

to nmeet the operating, maintenance, training and supply support requirenment
of the near term SES

0 Operating pier -- wll provide for safe and efficient
mooring of the ship for servicing, maintenance and/ or
testing. The mooring provisions will be designed to be
specifically conpatible wth the ship. An unobstructed
access and a sufficient depth o»f water are required.

Bits and chocks wll provide the capability of wthstanding
wind loading up to 100 knots (51.44 nis). Conpatible
dockside fittings for fueling/defueling, fresh water,
conpressed air, 60 and 400 Hz electrical power and tele-
phone connections to the SES wll be provided. Cane
services for loading/unloading equi pments/conponents and
materials, gangways and/or ranps for personnel access/
egress will be provided. Enptying the collecting/holding
tanks (CRT) of sewage and other liquid wastes wll be
acconplished by appropriate sludge barges and receiving
vehicles.  Solid trash (compaction) disposal wll be provided.

e Intermediate level maintenance ships/capability such as:
(1) Ship fitters/welding/pipefitters
(2) Mechanical = punps/auxiliary  machinery

(3) Hectrical =~ generators/switchbhoards
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(U 3.2.1.2
level activity wll provide the followng types of mintenance shop/

()]

capability
0
0
0
0
0
3.2.2
the near

0

(4) Hectronics/test  instrumentation

(5) Underwater inspection/repair support shop including
photographic  service

(6) Operational conputer program maintenance
Training classroonB
Supply warehousing and storeroons

The administrative space, personnel, furnishing and equipments
necessary to coordinate the logistics resource support, in-
cluding the planning and scheduling of the resupply services
to support the SES while at sea. Support shall be provided
for logistics resources not carried on board (i.e., personne
skills, special tools and test equipment, spares, etc.).

Afloat Intermediate Facilities -- The afloat intermediate

support
Ship fitters/welding/pipefitters
Mechanical = punps/auxiliary machinery
Electrical = generators/swtchboards
Electronics/test  instrumentation

Underwater inspection/repair support  shop,
including photographic service

DEPOT LEVEL SUPPORT -- Depot-level support maintenance of
term SES will include the follow ng:

Preserving the underwater body, and mintaining sea-connected
tanks, valves, pipes, and fittings
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o Performng repairs requiring heavy [ift capability and specia
tools and test equipment (exanples: bowstern seals, radar
antennas, gas turbines, waterjet propulsor, electrical generators)

o Removing, installing, and testing certain equipments identified
as stock rotating spare items (exanple: min propulsion and
lift gas turbines),

o Stocking and repairing designated stock rotating spares itens
at selected depot maintenance activities

(U The depot level support will provide a dry dock and the necessary work shops

(U)

Uy

for systems/equipments for overhaul and/or repair beyond the capability of
the intermediate mintenance activity. The depot |evel support wll provide
general workshop and drydock facilities and services.

3.2.2.1 General  Workshops -- Depot level maintenance shops/capability
wll provide mintenance for the waterjet propulsor, lift fans, seals, struc-
tural /wel ding,  conputers, consoles and related electronics, and gas turbine
generators. A Naval Rework Facility is required for gas turbine mainte-
nance. Overhaul points for comunications, sensors, conputers, displays

and related electronics nust be designated. A facility, either Government

or Contractor, is required for the maintenance of operational conmputer
prograns.

3.2.2.2 Drydock -- A safe and efficient facility capable of dry-
docking the ship. Cranes, tenporary pdwer, conpressed air, fresh water

salt water, firemain, sewage collection and disposal shall be available
at the dock site.
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OVERHAUL CONCEPT

Regular overhauls, as now understood, are to be elinminated by intensive
use of the upkeep periods as maintenance availabi
enploy the concept of progressive overhaul. Equ
alteration wll be acconplished progressively during relatively frequent

mai nt enance

availability periods of short duration

lities. The near

pment  repl acement

term SES will

and

Dry-docking wll be

acconplished, primarily to provide for mjor emergency repairs and/or

alterations. The ship system will be designed to be capable of {inére-
overhaul of its subsystems and subsystem accessories and

rel at ed

auxiliaries. Qperational usage and schedule replacement wll be consis-

ship

ment a

t ent
() 3.3.1
vy 3.3.2
@) 3.3.3
) 3.3.4
() 3.3.5

with the major item replacement schedule

SCHEDULING  (Not  provi ded)

PIPELINE REQU REMENTS (Not  provi ded)

SH PYARD OVERHAUL FACILITIES (Not

used: see Section

LAND-BASED TEST FAQLITIES (Net provided)

MANTENANCE  PROGRAM | NTERFACE  (Not
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W 3.4 SUPPLY SUPPORT CONCEPT

)

w

The sizing of near term SES storerooms, commissary system and other supply
spaces are constrained by design requirements and indirectly by the main-
tenance concept and the personnel requirements. Wthin the pernissible
volunetric and weight linits, the near term SE§ design provides the necessary
supply support capability.  The design supports the requirenents for

10 and 15~day mssions in accordance wth LSES TLR mission profiles. A salient
design consideration is the frequency of underway replenishment, including
hel i copter (VERTREP) delivery of required logistics resources, and the
requirement for underway refueling.

The supply support concept provides material support for the assigned
mss ions. The support includes initial outfitting of provisions, nmedical
supplies and spares and repair parts as well as replenishnent,

The supply concept provides for the fitting out of the SES.

It provides for the mterial to be assembled in a shore warehouse prior to
loading on board. The I ading of spares and repair parts and equipage Wll
be kept to a mninmum consistent with space and weight constraints, neces-

sary to support availability and mission requirenents. Tailored |oads

of support for specific mssions wll be utilized,

Repl enishment for all repaitables, consumables, and spares

will be provided through underway Replenishment Goups at sea and through
normal resupply methods in port. Supply requirements, for at sea emer-
gencies, wll be acconplished by the utilization of helicopter deliveries.

Maximum utilization of in-port delivery for all repairables, econsumables,
and spares, wll be a program objective.
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) 3.4.1 MODI FI CATIONS TO MOBILE LOG STIC SUPPORT FORCE SHIPS
(Not provi ded)

vy 3.4.2 UNFQUE SHORE FACILITIES (Not wused; see Sections 3.2.1 and
30212)\
(U) 3.4.3 UINQE REPLENSHVENT TECHNQJES (Not  provided).
) 3.4.4 UNQE SUPPLY SWPPCRT PROCEDURES (Not  provi ded)
221
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3.5 HUMAN ENG NEERI NG

The human engineering effort on the near term SES enconpassed three
basic areas: (1) design of mejor work stations; (2) design of main-
tenance access; and (3) evaluation of the design in terms meeting
habitability criteria requirements.

3.5.1 DESIGN OF WORK STATIONS w~~ The pilot house, chart room
Central Qperating Station (COS) and CIC were analyzed with regard to
man-machine interfaces and functional adjacencies between operating
personnel.  The pilot house and COS are equipped with integrated

di splay-control consoles to allow mninum mnning at these stations.
These work stations have also been designed for seated operations to
ensure a high level of operability during operation in all sea states
and at all ship speeds.

3.5.2 MAINTENANCE ~ ACCESS -- Al ship spaces and equipnents
within these spaces were analyzed to determne if sufficient space had
been allocated for both corrective and preventative maintenance. The
analysis revealed that all subsystems and equipments can be installed,
serviced and removed with a mninum of effort. Particular attention
was given to the waterjet propulsors, propulsion gas turbines, [ift
gas turbines and the lift fans wth regard to mintenance renoval
requirements.

3.5.3 HABITABILITY -- The point design was conpared with the
habitability criteria stated in OPNAVINST 9330.78. The space allo-
cations for crew living areas meet or exceed those requirements for
berthing, sanitation spaces, recreation spaces, galley and nessing.
The crew living areas occupy a single deck to mnimze the need for
crew members to nove about the ship whether on- or off-duty.

Therefore, these design features are provided: (1) all off-duty crew
spaces are on the same level to mnimze the use of ladders; (2) within
the constraints of crew/cPo officer off-duty separation, the best
possible adjacency between mess roons, recreation rooms, and berthing
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(U spaces, has been provided; (3) sanitary spaces are located within the

U]

)

¥

5. oot W S

living spaces,

Noi se/thermal separation between Iliving and machinery spaces ensures a
mre confortable off-duty crew environment. Off-duty spaces are separated
from machinery spaces/engine rooms by passageways, storeroons or other
effective noise and thermal barriers. This lessens ship weight

allocation for insulation mterial while inproving habitability.

The ride quality to be expected by the crew at higher sea states, in
combination with higher ship speeds, was examined. Large anplitude
vertical accelerations can exceed human tolerance levels to a point
where human performance can be affected. To ensure that human per-
formnce is not degraded, Human Factors developed ride criteria limts
that were used to verify the adequacy of the ride control system in
limiting vertical accelerations wthin the operational sea state and
speed envel ope.
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3.6 SYSTEM  SAFETY

The primary intent of safety program requirements is the elimnation or
control of hazards inherent in the design and in the operation of the
SES in its environment. Particular attention was given to safe ship
survival in any singular hardware malfunction of the [ift, propulsion
steering, reversing, or sidehull damage from foreign objects, regardless
of sea state, speed, displacement, or maneuver at the time of the
casualty,  Safe survival of personnel functional capabilities and
preclusion from injury during and operatfonal or mintenance phase is
eugal ly inportant.

3.6.1 PRELIM NARY HAZARDS ANALYSIS -- The entire ship design
was reviewed for gross hazard failure nodes. Design  characteristics
singular to the SES were given enphasis. A mjor effort was placed on
hull arrangenent and structure, |ift system seals, waterjet punp, fire
protection integration, operation and maintenance hazards, selected
control aspects, and outfit and furnishings

In nost instances, operational anmbient failure conditions were defined

to aid the designer in elimnating a hazard, rather than relying on
preventative manned reaction and cautionary training. \here ship critica
or catastrophic conditions were predictable, equipment failure nodes and
personnel hazards were examned as possible sequences or parallel events
Closely examned were seals, the [lift system mchinery, fire detection

and extinguishment integration, selection of passive fire protection
materials, and personnel protective gear for wuse while underway,

3.6.2 SAFETY TRADE-CFF STUDIES -- System Safety Personne
investigated or supported all safety critical trade-off studies
Selected subjects of design safety trade-offs, applicable to the
1980 (near term point design, follow.

3.6.3 FIRE PROTECTION -- System Safety actively participated in
the design of the fire protection system  Safety required that a
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bul khead be capable of sustaining a fuel fire for 30 minutes on the
insulated side, with the non-insulated side not to exceed 400°F (204°C).
This is achieved by a passive fire protection design wth a stinles
steel face shield backed-up by varying thicknesses of fiberfrax.

Auto/renote/local Halom 1301 fixed flooding wth interconnect
capability, and H-X foam generators for back-up are used in fire
suppression. Critical electronic spaces are simlarly protected except
without H-X foam Al other ship spaces are protected with standard
Navy fire extinguishing systens. For exanple, te Helicopter hangar
and flight deck are protected by AFFF foam sprinkling and hose reels
and the torpedo room and mssile stations with seawater sprinkling,

3.6.4 LIFT SYSTEM AND SEALS -~ The ride control and lift system
design and devel opment has been under continuous surveillance for its
safety inpact. Miintenance access and interlocking alarms into the
fan conpartments have been provided, The near term SES incorporates
guide vanes on 0.5 Ft. (0.15m) centers at the fan inlet that preclude
a personnel falling hazard,

3.6.5 RIDE COONTRCL -- Safety features for maintaining control
of body nmotions underway include: safety/shoulder harness restraining
devices for seated positions, arm restraints for console operators,
padded barriers and railings for walking and standing functions,
non-skid deck surfaces, and head protective gear. Non-critical

mai ntenance activities are mnimal while underway in high sea states
to mnimze personnel injury from random vertical accelerations.

3.6.6 HELI COPTER CONTROL STATION -- The helicopter control
station was located at the port side of the Helicopter Hangar at

the 01 level. This provides greater visibility and safety in the event
of a helicopter crash or platform fire. In the event of a hangar

fire, emergency egress to the 01 level 4is readily available.
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3.6.7 DECK EDGE CURVATURE -- The deck edge curvature provided
for aerodynamic purposes has a two foot (0.61m) radius. This maximizes
deck hand safety compared to larger radii, particularly during
installation or removal of portable life lines and stanchions from

the deck edge perimeter and the replenishment of stores and ordnance
while  underway.

3.6.8 ANTENNA  LOCATION -- The AN/APA-171 antenna is located
on the main mast, approximately 30 feet (9.14m) above the weather deck,
This lowers the personnel RADHAZ level on the helicopter platform

and avoids radiating energy into the Pilot House, compared to possible
alternate locations farther aft and closer to the 01 deck.
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4 J TECGNCAL RISK ASSESSMENT

e of the design objectives has been to incorporate standard practices
and parts to the nmaxinum degree. Equipnents developed and available from
existing Covernment inventory have been preferred over new equipnents

to be developed. Qualification by extension of existing designs has

been used to the extent practicable in lieu of developnent of new itens.

The ship configuration is a viable concept and can be developed with
mnor or acceptable levels of risk. Furthernore, the near term ANVCE
SES has been configured to accept further design alternatives which nay
enhance ship performance, wutility and reliability. The overall technical
risk is assessed as follows:

Hull  Structure -- The hull is designed to realistic worst case |oading
conditions forecast to occur wthin the ship lifetine. The naterials

are comercially produced alumnum alloys which have been utilized in
existing Navy ships, such as the PHV and SES-100B. The baseline configura-
tion is conventional wth state-of-the-art details to mnimze construc-
tion risk. The hull as presently configured is producible, cost effective,
and adequate to perform the specified mssion.

227

UNCLASSIFIED

T
R
=



e T

UNCLASSIFIED

(U) Propulsion System -- The proven LM 2500 and the developmental FT9A-2A

)

alternate engines were chosen on the basis of proven capability and ad-
vanced devel opnental  status, respectively. The transmssion design
features high state-of-the-art reliability and performance. The waterjet
propul sor and inlet desizn has been optimzed on the basis of extensive
analysis and sub-scale tests. Al other conponents are typical of PHM,

SES-100A, and XRID practice; are presently available and proven in
servi ce.

Bectricah System -- The baseline system design can be inplemented with
of f -t he- she&? equipnent. The design is low risk, cost effective, and

wll provide satisfactory and reliable performance wth high confi-
dence.
Command, Control, and Conmuni cation (c3) - The ¢ systens are conprised

alnost entirely of Government Nomemclatured Equipnents with attendant
low risk in their use, The only potential risk is HF communi=~

cations during on and off cushion ship operations that would effect the
antenna ground plane. The risk associated wth other c3 equipment s

low or well wthin the state-of-the-art and absorbed by substantial,
funded ongoing prograns.

Lift System -- The LM 2500 gas turbine is a production unit wused in other
nmrine applications. Lift fan developnent is based on extensive subscale
testing. The other elements of the air distribution system are typical
of present gas turbine ship installations and wthin the present state-
of-the-art. The advanced bow and stern planing seals have proved

highly successful in sub-scale tests. Wiile there are no historical
research or performance data on this particular SES application, full~
scale loads analysis and naterials selection indicates that all consi-
derations are wthin the state-of-the-art.
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Qutfit and Furnishings (Q&F) -- Nearly every item in the O&F system is a

.proven shipboard item not peculiar to the SES. The risk is equivalent

to that of O on conventional Navy ships. Passive thermal/fire and
acoustic protection systens are based on extensive testing and naterial
evaluations,  The risks associated with their application will be

mni mal .

Conbat  System -- The risk is that associated wth ongoing Government

devel opment of the conbat system equipnments. The interface design risk
is low
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APPENDI XA

DESI G\ PROCESS

(U) The various near term ANVCE Point Designs will be arrived at from
different technology bases. Different standards, criteria and
assunptions are used because of the different program offices and ot her
Navy organizations involved. For exanple, structural safety factors
between different vehicles are not the same, weight margins are
frequently different and different anbient conditions may be assuned
in quoting engine performnance.

(U) The near term SES point design concept outlined in this report adheres,
wherever practicable, for consistency to information provided in such
ANVCE docunents as:

ANVCE Primary Documentation

0 WP-010 - dated 27 August 1976 - "Environmental Conditions"

0 WP-008 - dated 20 August 1976 = "Supportability/Availability"
0 WP-007 = dated 30 July 1976 - "Point Design Qidance

0 WP- 005A = dated 13 August 1976 - "Point Design Description”
0 UP-002 « dated 2 April 1976 = "Definition of Terms'

A
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ANVCE  Supplenentary  Docunentation

o "Design Standards for Surface Point Designs, Revision A",
ANVCE Memorandum 90~76, dat ed 10 August 1976

(U) WP-005A was used as the basis for the data developed in this report and
was assuned as having precedence over other stated documentation require-
nents in cases of conflict. As a further aid to making proper evalu-
ation of the near term SES point design presented in this report, this
Appendi x provides a basis for the insight needed into the design
approach, criteria, philosophy and trade studies used in arriving at
the design. This Appendix collects in summary form those pieces of

information needed to identify the source of data and the design process
used.
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Al APPROACH

For a basic vehicle configuration and the major subsystens, severa
methods of establishing characteristics exist. They may be classified
into three groups

0 Scaling -- projection of characteristics based on
ratioing up or down from a chosen vehicle

0 Mdification -- development of characteristics based
on small changes to an existing vehicle

0 Synthesis -- devel opment of characteristics bused on
design data, parametric analysis and theoretica
i nvestigations

The approach prinarily used for the Rohr version of the ANVCE near term
SES Point Design is nodification to the Rohr 3KSES proposed design. This
proposed design is, in turn, based upon scaling of appropriate model and
testcraft data, as well as upon synthesis as just defined. The specific

approaches in each disciplinary area are next identified and presented
in concise form
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A?2 DESIGN  CRITERIA

-Those pertinent design criteria, standards and assunptions used in the

Point Design are provided in the following areas: hull structure
propul sion, electrical plant, command and surveillance, auxiliary
systens, |ift system outfit and furnishings, armament, |oads, weight
margins, and vehicle. Tabular forms and references are used as
appropriate in the sections that follow for each of these areas

A21 HULL STRUICTURE -- Loads were developed that correspond

to a number of operational definitions. The selected loading conditions
are the result for a ship operating over a 20=-year |ife anywhere wthin
its operational envelope.

The following load cases are considered "operational" and the required
safety factors used when applying these loads are 1.30 on the mninum
yield strength and 1.80 on the ultimte strength

0 Load Case 1 -- Cushionborne, QOperational = This case is
based on on-cushion operation anywhere wthin the oper-
ational envelope. There are no heading or speed
restrictions

0 Load Case 2 -- Hullborne, Low Sea State =~ This case repre-
sents hullborne operation (entirely off-cushion) in sea
states 5 and below. There are no heading or speed
restrictions

0 Load Case 3 -- Partial Cushion, Hgh Sea State « This
case is for partial-cushion operation (not entirely
off-cushion) in sea states 6 and above. There are no
heading or speed restrictions.

(U) The following load cases were considered as emergencies due to system(s)

failures,  Because the ship is in an emergency node, operationa
maneuvers to alleviate loads and notions would be deemed appropriate, The
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safety factors used for the following two conditions are 1.0 based upon
the mninum yield strength and 1.50 based upon the ultimte strength:

0 Load Case 4 -- Hullborme/Lift System Failure in Hgh
Sea States = This condition is for a lift system failure
in sea states 6 and above. Headings within 45 degrees of
head seas are not considered, but there is no restriction
on speed.

0 Load Case 5 -- Hullborme/Lift and Propulsion Failure in
High Sea States = This condition is for Iift and pro-
pul sion system failures in sea states 6 and above. Speed
is considered to be zero, but there is no restriction
upon headi ng.

A final load condition considered was for ship damage with subsequent
flooding. The safety factor applied was 1.20 on the mnimum ultimte
strength.  No safety factor is used for vyield strength since the ship
woul d already have suffered structural damage; therefore, |ocal
yielding was permssible.

0 Load Case 6 = Damaged Ship = This condition is for the
ship suffering maximum damage (two conpartnments flooded).
Still water bending noments are considered along with
hydrostatic loads due to flooding to the "V-Lines".

The 3KSES hull structure is designed to the predicted naxi mum once per
lifetim loads that the ship wll experience in a twenty-year life.
These loads are not considered singly since those sea and weather
conditions which produce the nost severe loads, such as |ongitudinal
bending, also produce other associated |oads, such as shear, torsion
and those due to hydrodynamc pressure forces. Figure A.2.1-1 presents
the load nomenclature and definitions used in the description of the
structural load cases which follow. Figure A,2.1-2 presents the

maxi mum cushionborne bending rmoment and the shear, hydro-

dynami ¢ pressures and vertical accelerations associated with
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Load Case 1. The loads resulting from the conditions of Load Cases 2

3 and 4 are presented in Figures A2.:-3, A.2,1-4, and A.2.1-5, respective~
ly. The loads resulting from Load Case 5 were found to be significantly
less than those of Load Case 4, and are not presented. The many possible
damage conditions of Load Case 6 are too numerous and conplex to discuss

in this document, However, the hydrostatic heads associated with

flooding to the V-Lines were the loads which determned the scantlings

of many structural elenents.

Vhile the hull structure is adequate to wthstand the aforementioned
lsads with the safety factors specified in the load cases, the hul
structure was originally designed to sonewhat higher |oads but | ower
required factors of safety. These high loads were the result of
off-cushion ship operation in high sea states (sea states 6 through 9).
Mdel testing and analysis denonstrated the advantage of partial-
cushion operation in those high sea states, and this node has

been adopted for operation in that portion of the operational envelope
Wth conpletely off-cushion operation in sea states 6 and above due

to an emergency, such operational maneuvers as inplied by the speed
and heading restraints of Load Cases 4 and 5 are deemed appropriate
The near term SES hull structure adequately withstands the devel oped

| oads and adopted factors of safety.

Fatigue  Considerations -- A well established fatigue life (FATLF)
computer program along with accelerated time and fatigue testing of
full scale welded panels, was used for verification of the endurance

capabilities of the ship structure. Fatigue life of those test panels
was increased significantly through the use of special fabrication and

wel ding techniques. Basic joint design, along with controlled and
scheduled welding and an in-service failure prevention plan, should
assure a safe operational [Iifetine.
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Figure A.2,1-2 (U:
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PROPULSION -- General design criteria for the near term SES
system includes maximzation of performance, reliability,

maintainability and sinplicity. The propulsion machinery spaces are
designed to acconmodate either GE 1M2500 or P&W FT9A-2A gas turbine

engi nes.

0

Specific design criteria applied to the point design are:

All machinery accessible for mintenance off-cushion
without  dry-docking, No corrosive air/water interfaces.

Short, straight drive shafts with no alignment and
vibration  problems. Flexible couplings to absorb
dynamc  msalignments.

Overspeed gas turbine engine control for protection
against propulsion inlet air ingestion wthout conplete
engi ne  shut down,

Non-redundant link mounted propulsion conponents. The
link mounted propulsor has less deflection than a gun
munt.  This sinplified alignment, steering, and
reversing interface and reduces vibration problens.

Low | 0SS combusion air inlet system designed for 2.9 inches
(7.36 cm Hzo loss for 1M2500 and 4.9 Inches (0.12 m)
H,0 loss from FT9A-2A installation. Sufficient interval
flow area to install a three stage inertial coalescer-
interid noisture separator operating at a face velocity
of 17.5 ft/sec (5.33 m/sec). The total salt ingestion
goal 1s0.00136 ppm with a projected water wash interval
of 450 hours. Capability to wthstand a 4 foot (1.22 m
wave of green water on the 01 level wthout demister
flooding and resultant Dbreakthrough. Sufficient volume
forward of the engine bellmuths to reduce pre-swirl and
counter swirl to less than 5 and 12 degrees, respectively,
and to keep distortion below 10 percent,

=
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Low loss propulsion exhausts =~ the design criteria for
sizing the exhausts is based on obtaining mxinum net

thrust to the ship with low weight, back pressure, fuel
consunption and jet thrust within a mximm limt of

6 inches (0.15 m) HZO.

Acoustically treated intake and exhaust to meet Navy
Category E requirenents on the flight deck.

Anti-icing system designed to provide protection to
-20°F  (-28.9%.

Engine cowing designed to limit potential personnal
contact areas to 125°F (51.7°C).

Mninum nunber of moving parts in the flexible ranp roof
variable area waterjet inlet. Smooth roof contour at

any opening position. Vented roof cavities and pressure
balanced to reduce structural loads and weight. Symetrically
configured bifurcated duct for low velocity distortion,

Propul sion inlet designed to provide cavitation free

operation to ship speeds exceeding the maximm ANVCE
specified speed.
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A.2.3 ELECTRIC PLANT -- The near term SES Electric Plant design

.has been guided and controlled by a set of design criteria, standards,

and a system design philosophy, collectively oriented toward the design
of an unconplicated and flexible sSystem featuring mninmum weight, cost,
and fuel consunption. The current design highlights the follow ng:

o Adequate generated power, rmeasured by operating
margins, off-line reserves, and power quality

o Vi ght and envel ope minimzation

o Envi ronment al conmpatibility

o Mniml technical risk

0 Interface conpatibility wth ship structure
o Adequate RMA and Safety considerations

) Use of proven conponents where practicable

) Use of standard Navy design precepts for the
power distribution system

The system design philosophy enphasizes the criticality of a continuous
source of electrical power, with judicious nininization of system

wei ght, envelope size, and cost of conponents and installation. Every
effort is mde to strike a proper balance between innovative and
traditional design. Mdernization to include superior materials or
conponents is encouraged, particularly where significant benefits accrue
in reduced life-cycle costs, enhanced safety, or performance inprove-
ments. A number of standards were incorporated in the design
nethodology to ensure suitability for Navy use and compatabiltty With
the anticipated narine environnent. Anong these were:

M LI TARY  SPECI FI CATIONS AND  STANDARDS

ML-E-917 Electric Power Equipnment, Basic Requirenents
(Naval  Shipboard Use)

M L- STD- 454 Standard General Requirements for Electronic
Equi pment

A-14
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MIL-8TD-1399/
103

M L- S- 16036
NI L-C- 17361

M L-C- 17587

M L-C- 17588

ML-G 3124

ML-G 21480
M L-G 22077
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Interface Standard for Shipboard Systens Section
103 Electric Power, Aternating Current

Switchgear, Power, Naval Shipboard

Circuit Breakers, Air, FElectric, Insulated
Encl osure (Shipboard Use)

Circuit Breakers, Air, Electric, Open Fram
Removabl e Assembly (Shipboard Use)

Circuit Breakers (Automatic = ALB) and Switch,
Toggle (Circuit Breaker, Non-Automatic = NLB),
Air, Insulated Enclosure, 125 Volts and Below,
AC or DC, Naval Shipboard

Generator, Alternating Current, 60-Cycle (Naval
Shipboard  Use)

Generator System 400 Hz AC, Aircraft

Generator Sets, Gas Turbine, Direct-and
Alternating-Current, Naval  Shipboard Use

0902-001-5000 General Specifications for Ships of the U S Navy

DDS- 300- 2
DDS- 311-3

DDS- 304- 2
DDS- 311-Z

(&S); Naval Sea Systens Command (NAVSEA)
Design Data Sheet, AC Fault Current Calculations

Design Data Sheet, Ship Service Electric Power
System Application and Coordination of
Protective  Devices

Electrical Cables, Rating and Characteristics

Design Data Sheet, Voltage Regulation for AC
Ship Service Electric Power Systenms
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A2.4 COMVAND AND SURVEILLANCE -- The Combat System including

~command and surveillance, armanent and navigation and collision avoidance,

was dictated by the 28 My 1976, LSES Top Level Requirenments Docunent.
Equiprent lists were provided by the U. €. Navy.

The Ship Control System design was based on wutilization of existing,
approved equipnents, such as FFG control system conponents and the
AN/UYK~20 conputer, to provide integrated control of ship operations,

damage control, and auxiliaries and ship plant nonitoring by a mninum
of crew menbers.

A-16

UNCLASSIFIED

B T

4 p—— - — ~ s

FURT A



UNCLASSIFIED

(v A25 AUXI LI ARY  SYSTEMS

(V) A25.1 AR CONDITIONING  -- Requirements for

the near term SES
air conditioning system are:

0 The decentralization of the air conditioning system by
dividing the load in small serviced areas, and by using

the fan rooms to accormodate the cooling/heating/fan in-
tegral units.

0 Replacement of the chilled water system by straight air

and hot-cold mxing boxes, and selection of [ightweight
foam type reinforced naterials for ducting.

0 Existence of state-of-the-art conponents already qualified

by comercial and/or mlitary requirements and in actual
operation.

The results foreseen are:

0 Pseudo redundancy, since failure of one unit

will bring only fractional failure to the
subsystem

o Wight savings inherent to aircraft conponents.

0 Energy savings by proper managenent and nore
efficient  equipnent.

0 Reliable system by the use of qualified
conponents.

(1) A.2.5.2 LUBE SYSTEM -- A number of subsystems on hoard require
| ubrication. The prime thermal drivers for propulsion and lift and the
electric power generating units wll be self-contained; others [ike
propul sion gearing, power transmssion, waterjet punp and lift gearing,

fans and power transmission wll require dedicated [ube subsystens.
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(C) The concept of a single centralized lube system versus multiple, dedicated
systems Was analyzed on the basis of: weight, cross contannation,
cooling requirements, length of lines and bulkhead penetrations involved
reliability, and redundancy. Decision was made to enploy the nultiple
dedi cated systems conceptual approach

(U) The standard way of wusing cooling seawater should be accepted only if
it does not demand extra loading on the seawater subsystem as for pro-
pulsion gear-punp units where water is available from the waterjet punp
(second-stage cavity). The lift system should enploy air as cooling media
and the location of the heat exchanger (oil to air) should be established
(infet or outet of fans).

(u) Pre- and post-operation lube oil circulation should be provided, as wel
as standby lubrication to assist main lube punp in low speed operation.
The aeration of lube oil should be considered and the quality of [|ube
oil should be closely controlled. Hgh holding capacity for particulate
contaimination and dewatering (vacuum plus coalescers) filters is in-
herent in the use of advanced practices and state-of-the-art conponents
A closed lube system should be conpared with alternate schemes

(v) Short coupled lines should be used as exenplified by advanced systens
used in other industries (petrochemcal), and the clustering of fittings
and conponents should be replaced by functional manifolds. The material
for transmssion lines should be conpatible with that for gears and
bearings, and should reflect low weight, fatigue strength conpatibility
and ease of handling. The lines should be supported by resilient mounts

(u) The results foreseen from this approach are enhanced system functioning,
wei ght savings, energy savings (by using cooling media already available),
and inproved reliability by use of qualified conponents, practices in
other industries, and application of naval operation experience
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A25.3 SEAWATER SYSTEM -- An integrated seawater system serves
firemin, seawater service and sprinkling functions wth an appreciable
weight reduction. Additional weight savings were effected by installation

of an open horizontal loop, i.e., elimnation of the wet weight cross
connection

Installation of GRP piping for seawater, auxiliary system and wet firemain
removes corrosion problems and effects weight savings of approximtely
one-third, conpared to that for an equivalent copper-nickel system  Com
ponents to be used are readily available and qualified for marine use

A.2.5.4 POTABLE AND FRESH WATER SYSTEMS -- Generation of potable
and fresh water from seawater requires selection of the desalination
process, i.e., reverse osnosis versus one of the several types of dis-

tilling processes. The inability of presently available reverse osnosis

units to mneet the salinity requirements of the general ship specifica-
tions prohibited ics use

The trade-off of potable and fresh water systems involved investigation
of conmponents and configurations possessing potential weight savings.
This led to the selection of vacuumassisted water closets and |ow water
demand showers.  The resulting weight reduction is due to the reduced
quantity of water collected and stored via'the drainage system and the

reduced punping capacity requirement. Further weight reduction was ob-
tained with GRP piping

A three-distiller configuration to reduce the stored potable water ton-
nage was investigated. Each unit was capable of supplying the ship's

daily demand, and the tank tonnage was reduced by one-third of the required
40 CPM (25.24 nuﬁ’/s) per accommodation. The fresh water storage tonnage
was reduced by restricting the utilization of fresh water (demneralized)

to gas turbine engine washing and to make-up water for the auxiliary fresh
water electronic cooling system
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(v The selection of electrical power (in lieu of gas or stean) was nade

()

()

(m

upon its ready availability. The 400 Hz supply was selected for all
punp  motors, on the basis of weight savings over 60 Hz types,

A.2.5.5 DISTILLING PLANT -- The selection of the type and capa-
city of distilling plant(s) requires the consideration of ease of main-
tenance and operation, quantity and form of energy available, and the

fresh water requirements. The three basic types of distillers for naval
ships are vapor conpression, subnerged tube, and flash. Each was eval-
uated in the trade process of optimal design selection.

A25.6 FUEL SYSTEM -- The fuel system performs the followng
functions: provides fuel of proper quality to all the thermal drivers
for propulsion, lift, and electric power generation provides CG |oca-
tion management by wusing fuel transfer as a means of trimmng; provides
storage and service of fuel for the aircraft on board.

Designated tanks are established for: trimmng and storage, storage,
service for on board equipnent, and service for aircraft. The need of
interconnecting tanks for functional operation dictates the use of mul-
tiple controls and a well planned distribution system that provides re-
dundancy.  Fluid lines wth nechanically assenbled joints of well known
reliability are used in sections which may need to be removed and re-
placed; otherwise, butt weld connections are used. Proliferation of
connections is avoided by use of functional manifolds. Due to high flow
conditions, valves nust have defined times for the close-to-open or open-
to-close cycles to avoid hamering. Lines should be supported by resili-
ent mounts to avoid premature fatigue and undue noise or vibration coup-
ling, Underway fueling should be in agreement with naval practices.

The quality of the fuel should be closely controlled by use of high
capacity filters for particulate contamnation and water removal in lines
between storage tanks and service tanks, and between service tanks and
thermal driver units or aircraft.
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(U) The results foreseen are: weight savings, by a judicious selection of

(V)

()

conponnets and materials, and reliability by the use of redundanzy and
qualified components.

A25.7 COWPRESSED AIR SYSTEM -- The conpressed air system per-
mts propulsion and [ift turbine starting. It supplies air for actuation
of back pressure valves, exhaust gas transfer valves and propulsion en-
gine exhaust doors, and for mscellaneous uses as required. \Weight
reduction of the conpressed air system was acheived by starting the GTG's
by electric battery power. Several tons of high pressure charged air
bottles were thereby elimnated. Practically all of the conmpressed air
system conponents would be selected from available and qualified Iight-.
wei ght  conponents.

A25.8 FIRE EXTINGUISH NG SYSTEM -- A trade-off study was made to
provide the design criteria and rationale for selection of the best flood-
ing extinguishing agent. Q® and Halon 1301 extinguishing systens were
compared, and a Halon 1301 system was found to require less weight and
to discharge a much shorter time as shown here:

l | Quantity Tot al
Compart~ ‘ of Di schar ge [Toxicity

'Agent . ment Agent Ti me Weight 'dass

co, 5000 Feo 250 Lb 90 Sec 825 LH 5a
'| - (850 m) | (1,11 kN) (3.67 kW)
! |
~ Halon | 5000 Ft> | 141 Lb 10 Sec | 263 Lb | 6
| 1301 (850 % (627 M (1.17 k8
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v A25.9 HYDRAULI C  SYSTEM -- The choice of hydraulically-powered

actuators/motors in lieu of either electrical or pneumatic equipnent

included weight, performance , cost, conpatibility of design, installa-
tion and environnent factors in each application. A trade-off study

indicated a weight saving of several tons by enploying hydraulically-
powered -equipnment. The studies resulted in selection of the followng
system features:

0 Hydraulic Huid: ML-H83282 was selected due to its
ability to be operated at fluid tenperatures up to 400°F
(204°¢c); it is a synthesized hydrocarbon fluid that is
interchangeable with M L-H-5606.

0 System Pressure: 3000 psi (20.68 kPa) is recomended
as the system pressure; it is the most wdely used high
pressure, and consequently, a great variety of qualified
components are marketed from which to choose.

o Optimum Fluid Tenperature: A fluid system tenperature between
100 to 130°F (54°C) is recommended for stable fluid operati on.

0 Punp Selection: Variable displacement constant pressure

purps of aircraft type were selected for [ightweight and
input horsepower economcs proportionate to flow rate.

0 Reservoir: Pressurized reservoirs (bootstrap type)
are substantially lighter and require less stored
fluid (fluid weight alone is reduced by 1600 Ibs
(7117 N) mnimun). These reservoirs are sized to
deliver the required punp inlet pressure and maintain
the entire return system pressurized which avoids ex-
ternal  contam nation.

0 Rgid Tubing: ORES 304 is the selected material; itis
readily available in the required diameters, relatively
easy to bend and weld, and is appreciably less costly
than tubing made from 2lCr-6Ni-9Mg. \elding was selected
in preference to the use of fittings in the interest of
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mnimzing leakage. Welding is also preferred to brazing
on the basis of fabrication and inspection considerations.

0 FHexible Tubing: Flexible tubing is Teflon-lined to avoid
static charges and dirt contamnation associated with

rubber (which also "sluffs off" particles which can dam
servo valves).

0 Jeanliness and Filtration: Hydraulic fluid cleanliness
mist be enfor.ed, fluid nust be purchased to dass 1, com
ponents must be clean to Class 2 prior to installation, and

the entire system nust be mintained at Class 3 by adequate
on-board filtration.

A.2.5.10 POLLUTION CONTROL -- The pollution control systenms are
for wastewater and oil. Wastewater includes sewage (human body wastes,
bl ackwater, soil lines) and sanitary (or gray) water, which includes

shower, laundry and galley water). The selection of a marine sanitation
device includes evaluating the regulations, technical and operational
factors, installation, and maintenance, and the cost of the system

A weight trade-off analysis for the marine sanitation device was mde

on the basis of a one-day operational period to disclose a weight saving
through use of a no-discharge type conpared to a flowthrough type.

A waste oil tank, sized for a 15-day mssion provides storage of collected
waste oil from machinery and equipment drains for subsequent disposal at
a shore facility, thereby conformng to the zero oil discharge regulation.
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LIFT  SYSTEM
AIR  MANAGEMENT -- The design criteria applied to the
of the near term SES lift system air mnagement concept

The total nomnal cushion flow rate at |ow sea states,
to be 37,500 OFS (1061.88 m3/s).

The cushion pressure for a 3KSES point design would be
342 PSF (16.38 kPa).

Approximately 1/3 equal parts of total air supply to be
delivered to the bow seal, cushion and stern seal.

A system efficiency shall be at least 75 percent.
The system efficiency is defined as

(1>c X Q) /550

BHp x 100
wher e PC = cushion pressure at rated design
Q = total cushion flow

BHP = prinme rmover horsepower output

Al machinery should be capable of withstanding the followng

ship acceleration levels in g's: 6 up, 4 down, 2 forward,
3 aft and 0.5 thwartships.

The lift system should have a mninum availability factor
of 0.9285. Availability is defined as the ratio of
mssion uptime to total planned mssion |ength.

There would be no requirement for blast resistance.

Machinery spaces'would be acoustically treated to meet
categories A through H.
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0 Aircraft structural design practices would be applied to the
design of machinery conmponents in a mrine environment wth

the goal of producing high strength-to-weight ratio conponents
with a correspondingly high reliability.

0 Mechanical vibration requirenments for all ship machinery and

equi pment would be in accordance with Section ,073e¢ of the
GSS.

(U In support of these criteria, thirty-three separate conponent speci-
fications were developed to govern the [ift system design.
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(U A26.2 SEALS  SYSTEM

(U A.2.6.2.1 Seals Design -- The seais design was developed within

requirenments which include

0o sealing of the cushion with a mnimum drag and m ninal
| eakage of cushion air;

0 design for a mnor influence upon ship pitching motion in
the absence of ride control;

0 in concert with ride control devices, aids in reducing
bow and CG accelerations to a level compatible with ride
quality requirements; and

o exhibits lateral conpliance while operating in waves
other than those dead ahead or astern.

The seals are of nodular design with the flexible seal material nmodules
separated by tear inhibiting attachment fittings to reduce seal vulner-
ability. They are designed to mnimze water ingress into the pneumtic
bags and to provide for the rapid drainage of water that enters the

bag. Standardization was enphasized in all portions of the design.

Seal system weight was mnimzed with total design weight less than

the follow ng:

Maxi mum  Accept abl e Tar get
Bow Seal, Ib (N) 33,000 (147,000) 25,000 (111,000)
Stern Seal, Ib (W) 32,000 (142,000) 25,000 (111,000)

(U Attachment fittings were designed to mnimze weight, be sinple to

remve and replace, to mnimze structural fatigue of the flexible seal
pressure bag mterial, to resist the effects of the marine environment,‘
and (between hard structure and fabric) to be designed such that rubbing
and inpacting between the two structures is mnimzed to reduce wear.
Further constraints included requirements that any seal system opera-
tional failure mde would not result in an unsafe ship operating condi-

tion and that retraction would be provided for off and partial cushion
operation.
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The result is seal systems that feature ease of mmintenance, repair and
replacement wth sinple tooling and procedures in drydock, at dockside,
‘and at sea. Non-elastomeric surfaces were enployed on the planing bow
and stern seals at the seal water interface to mnimze hydrodynamc
drag and maximize Seal service life. The mgjor seal system conponents
were designed to MIBF characteristics of:

Seal System Conponent Mnimum Acceptable Target Service Life
Planing Surface at 400 Qperating 100 hours at
Seal /Water  Interface Hour s 80 knots (41.16 m's)
Bag and Upper Loop |.000 Operating 2000 Operating
Seal  Structures Hour s Hour s
A2.6.2.2 Seal Materials -- Tear strength of the coated fabric

pressure bag mterial was specified as a mnimum of 300 pounds (1,333 N)
with a target of 500 pounds (2,220 N), for tear propagation in the fill
direction. (Tear strength is considered to bhe the controlling factor
in the selection of the pressure bag material.) Tensile strength of
the pressure bag mterial has a required mninum of 1000 pounds per
inch (175,000 N'm in the warp direction and 800 pounds per inch
(140,000 Nm in the fill directicn. The pressure bag material is
required to possess good environnental resistance, consistent with the
seal system design specifications. The weight of the pressure bag
material is mnimzed, consistent with the other requirements, wth a
maximum weight of 100 oz sq yd (33.25 N/mz).

The pressure bag material requirenments included surviving 108 cycles at
20 percent of ultimate tensile strength in the warp direction (R=0.2);
the goai was 10° cycles at 30 percent of wultimate tensile strength
‘(R=0.2). Seams in the pressure bag material rmust meet the requirements
for the coated fabric. The seams nmust also be relatively flexible and
stiffness discontinuities in the joint mnim zed.

Flexural fatigue strength of the glass reinforced plastic (GRP) planer
material shall be a mninum of 90,000 psi (6.20 x 108 Pa) in the
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longitudinal direction and 85,000 psi (5.85 X 108 Pa) in the transverse

direction.  Target values are 135,000 psi (9.30 x 108 Pa) in the longi-

‘tudinal direction and 105000 psi (7.25 x 108 Pa) in the transverse

direction.

Maxi mum acceptable decrease in flexural fatigue strength of the planer
material after aging in hot water shall be 18 percent. The target
value is 12 percent. Tensile strength of the planer naterial shall be
a mnimum of 70,000 psi (4.83 x 108 Pa) in the longitudinal direction
and 60,000 psi (4.14 x 108 Pa) in the transverse direction. The
corresponding target values are 107,000 psi (7.38 x 108 Pa) and 90,000
psi (6.20 x 108 Pa). Tensile modules of the planer material shall be
a ninimm of 3.7 x 10° psi (2.5 x 1010 Pa) in the longitudinal direction
and 3.4 x 106 psi (2.3 x 100 Pa) in the transverse direction. The
corresponding target values are 5.0 X 106 psi (3.4 x 10%0 Pa) and

4.2 x 10° psi (2.9 X 1010 Pa).
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A2.7 OUTFIT AND FURNI SHI NGS
'A2.7.1 HABI TABI LI TY The habitability standards should conform
or exceed GCeneral Specifications for Ships of the U S Navy and
OPNAVINST  9330.74 (proposed). Crew accommdations are as follows (based
on nmanning requirements of the TLR):
“SRTHING BREAKDOWN
TLR TLR TLR TOTAL ACTUAL
CREW GROWTH RESERVATIONS | BERTHS PROVIDED CREW
Enlisted 85 2 8 95 63
CPO 10 2 1 13 9
Officer 15 0 2 17 12
TOTAL 110 4 11 125 84
A27.2 PASSIVE FIRE PROTECTION -- The design philosophy for
treat ment spaces

m nut es

in Goup 1 inplies prevention of
structure from reaching 400° ¥ (204° Q for

This conservative approach

results in detection and extinguishnent of

m nut es

The Fiberfrax pane

Maxi mum

system was selected for

a fire

its superior

primry alumnum
a period of 15

in an active system design

in wthin 5

performance

rel ative other lightweight systems considered. The nethodol ogy
used to establish the insulation thickness is described in the
following steps
a. A conputerized thermal analysis established the relationship
between felt insulation thickness and tenperature of the
structure wunder fire conditions.
b. A full-scale JP-5 fuel fire test was conducted and the

tenperature distribution of the front
insulation panels was nonitored

face sheet of the
throughout the test.
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C. The tenperature/time profile obtained during the tests
was used as an input to thermal analysis, and tenperature/
tim curves were obtained for several insulation thicknesses
(see Figure A,2,7.2-1 and A.2.7.2-2).

d. From the curves of Figures A,2.7.2-1 and A.2.7.2-2, plots
were made of insulation thickness versus time for the

structure to reach 400° F(204° C) (See Figure
A-2.7.2-3).

(U) The passive fire protection mterial for Goup 2 spaces was also

selected on the basis of snoke and toxic properties in a fire environ-
ment.  The concern stems from the direct threat to personnel and
from restricted visibility along escape routes. The very |ow smoke
and toxic gas emssion properties of Fiberfrax made this material
attractive for application in Goup 2 spaces.

(U) The design approach to treatment of spaces in Goup 2 is based on a

modi fication of the fire loading concept described in the Society of
Naval Architects and Mrine Engineers (SNAME) Alumnum Fire Protection
Cuidelines. The fire loading of a space is a neasure of the quantity
of conbustibles per unit deck area. It is expressed as pounds of wood
per square foot with conbustibles other than wood related to wood

with a heat capacity of 8000 BTUIb (1.86 x 10/ JIkg), The

met hodol ogy used to establish the amount of protection (insulation
thickness) is described in the follow ng steps:

a. Full .cale fire tests were conducted with fire |oadings
of 12.5, 10, 7.5, 5 and 2.5 1bs nass of wood per square
foot (61.0, 48.8, 36.6, 24.4 and 12.2 kilograms of wood
per square meter).

b. The tenperature/time profiles of the front face of the
insulation panels during the tests were used as input
to the thermal analysis conmputer program  Figure A.2.7.2-4
shows the tenperature/time profiles for the various fire
| oadi ngs.

A- 30

UNCLASSIFIED




TEMPERATURE, °F (°C)

i

UNCLASSIFIED

FELT
| NSULATI ON
IN égm)
900 1.
(482) /g?_“_),_m-‘——‘
.25
(3179 | NSULATI ON

/___1.-——7} PANEL
1.50 BACK FACE

(38.1)

1.19
(84,85

/———‘

800 - ~
(426) | /
700 /

N

)
AL

(316) [
500 /
(260) | 00~
5 <)

400 /{K
(204) Wit ALUMINUM

/ / / / 3 " STRUCTURE

A

300 Pt ‘ q‘f’.

WY\
\&
k

Ny Z=Zan i
ez

/
100 /
(38) J//d ~
OL | | | | |
0 4 8 12 16 20 24 28
TIME (MIN)
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The program output the tenperature/time envelope of the
alumnum structure for various amounts of insulation
thickness. ~ The maxinum tenperature of the structure wth
a given insulation thickness for each fire loading is
plotted in Figures A.2.7.2-5 and A.2.,7.2-6.

From the curves of Figures A.2.7.2-5 and A.2.7.2-6, plots
were made of insulation thickness versus fire loading for
one-side and two-side insulated structures (see Figure
A.2,7,2-7),

The insulation thickness was selected from these curves
(Panel thicknesses in increments of 0.25 in. (6.35 nm were
selected for practical mnufacturing and ready materia
availability.)

(u) The primary need in protecting magazines is to provide cooling when

there is
ef ficient
tion can

in these

an adjacent fire hazard. \ater sprimkling iS the nost

means to cool these spaces. TLikewise, glass thermal insula-
be used more efficiently than refractory fibrous insulation
spaces to prevent heat from entering,
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A28 ARMAMENT - All topside sensors and armament were required to
have as great an unobstructed coverage envelope as practicable. The
"order Of precedence for coverage in descending order for the near term
SES is:

O TACAN

0 EW System AN/SLQ-31 or =-32(V2)

0 Ar Search Radar (AN/APS-125)

o Surface Search (AN SPS-55)

0 (ollision Avoidance Radar (CAB)

o FCS MK92

o STIR

0 CIWs (MK15/0)

(U Harpoon launchers are fixed and should be facing forward. Both Harpoon

and the vertical launchers for the Standard mssile wee to be located
to result in mnimal plune ingestion problens for the nain conbustion
air intakes. Torpedo launchers were to be located to facilitate 0 = 45
deg options for firing MK46 torpedoes and a fixed athwartship axis
for Mk48 torpedoes (based on wavorp studies). Appendix B contains
diagrams outlining the coverage of the mgjor near term SES weapons

and sensors.

(U) The near term SES would only have a reload capability at sea for the

MK46 torpedoes used in helicopter related ASW operations. As specified
in the 3KSES TLR, no reload-at-sea capabilities would be provided for

vertical mssiles, MR48 torpedoes, surface |aunched MK46 torpedoes or
Harpoon  missiles.
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A2.9 LOADS

.The weight allowances for variable load items were derived from Naval

Ships Technical Mnual dated 1 Mrch 1974, Chapter 9290, Paragraph
173.1, titled "Detailed Description of Conditions of Loading for
Surface Ships." Paragraph 173.1(a) covers weight allocations for
crew and effects as follows:.

Pounds (Newtons) Per Mn

Oficers (conmssioned or warrant) 400 (1779)
Chief Petty Officers 330 (1468)
Other Enlisted Personnel 230 (1023)

(U The 3KSES TLR used as the near term SES requirement specifies a ship

personnel conplement of 17 officers, 13 chief petty officers and
95 enlisted men. The weight allowances then are:

Weight
Personnel Qty Lbs. (kN)
Oficers 17 6800 (30.24)
Non- Cor ns 13 4290 (19.08)
Enlisted 95 21850 (97.19)
TOTAL 125 32940  (146.5)

This 146.5 kN total corresponds to 14.71 long tons (F10).

Paragraphs 173.1(¢) and (d) of the referenced Technical Munual cover
weight allocations for provisions, personnel stores, and general
stores as follows:

Provi si ons Pounds (Newtons) Per Man Per Day
Dry 3.20 (14.23)
Freeze 111 ( 4.94)
Chi |l 1.65 ( 7.34)
Clothing and Small Stores 0.07 ¢ 0.31)
Ship's Store 0.80 ( 3.56)
General  Stores 1.06 ( 4.72)
A- 40
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(U The ship provisions, personnel
provisioning allowances for

Provisions and Personnel

6.83 pounds/ man/ day

and general stores using those
a X-day mssion follow

30.38 N man/ day

x 15 days 15 days
102.45 pounds/ man 455.7 N man
x 125 nen 125 nen

12,806 pounds + 2240 = 571 long tons (F31)
(56.96 k) (56.96 KkN)

General  Stores

1.06 pounds/ man/ day 4,72 N man/ day

x 15 days 15 days

15.9 days 70.73 N man

x 125 125 nmen

1,988 pounds+2240 = 0.89 long tons (F32)

(8.84 kN) (8.84 kN)

(U) The 3KSES TIR requires support for two SH3H helicopters for a 15-day
mssion at the rate of 45 flight hours per nonth. The SH-3H has a
nomnal fuel consunption rate of 215 gallons per hour (0.0027 m3/hr)
and JP-5 weighs 6.8 Ibs per gallon (6654 N/mz’). Theref ore,

215  gal I ons/ hour (.0027 m3/hr)
X 6.8 pounds/gallon (6654 N/m3)
1,462  pounds/ hour (1.80 N/tr)
X 45 hours/nonth 45 hours/ month
65, 790 pounds/ mont h/ hel i copt er (292.6 k)
A-41
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65,790 [b. +2 (15-day mission) = 32,895 pounds/helicopter
X 2 helicopters

65, 790 pounds
(292.6 kN)

65,790 Ib.+ 2240 pounds/ton = 29.3 long tons (292.6 kN)
helicopter fuel allocation
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A.2,10 VEI GHT  MARGI NS

(U The near-term ship weight margins were allocated in the same manner as
for the 3KSES. The weight margin policy for the 3KSES was outlined in
Navy letter PMS304=-20 SER 2091; dated 12 June 1975. The weight nargins
were applied as in the cited letter with the exception of M3
(prelimnary design and advanced development margin) which was depleted
because the appropriate design phase has been conpleted for the 3KSES.
The following Table A.2.10.1 outlines the nargins as applied.

TABLE A.2.10-1 (U: Near Term SES Wight Margins (U)

i SWBS No. DESCRI PTI ON ALLOCATI ON
& %
M1 Detail design margin 2,506 15
M12 Building Margin 1.0% LS
M 3 Prelimnary Design and
Advanced  Devel opment
Mar gi n 3.0% Ls
M21 Contract design margin 2.0% 1Ls
M2 Contract Md. margin 1.0% Ls
M3 GFM  Margin 0.5% LS
M25 Service life Margin 25 LT (249.10 kN)

(1) LS = Light Ship
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A 211 VEHI CLE
A211.1 Payl oad Weight Breakdown == The vehicle weight summaries
shown in Table A.2,11-1 and A.2.11-2 detail the near term ship as
defined in ANVCE WP-002, "Definition of Terns", dated 2 April 1976,
Section IIl. The contract margims are included in the vehicle enpty
wei ghts.  These weight breakdowns support range and payload performnce
projections in Section 2,2,3,

TABLE A.2.11-1 (U: \ehicle Wight Summary (FTSA-24) (VU

i g b

UNCLASSIFIED

SYMBOL TITLE LONG SHORT METRIC XILO
TONS TONS TONS NEWTONS

et Empty Weight Less (1561.0 | 1748.3 | 1586.0 15,554
fixed payload items

We Ship's  Conpl ement 21.4 24.0 21,7 213.2
and Effects & Stores

wP Payload 177.2 198.4 180.0 1,765

Wp Liquids 1240.5 | 1389.3 1260.4 12,360

) Vehicle Weight 3000.0 | 3360.0 3048.2 29,892

A-44




UNCLASSIFIED

IABIE A.2.11-2_(u):__\Vehicle Wight Summary (FT9A-24) (U)
TITLE LONG SHORT METRI C KILO
SHeL “CONS TONS TONS NEWTONS
"‘El Empty Véight less |1599.0 1790.9 | 1624.7 | 15,932
fixed payload
items
W, Ship's  Conpl enent 21.4 24.0 21.7 213
and effects & storks
W, Payl oad 177.2 198.5 180.0 1,765
We Li qui ds 1202. 4 1346.7 1221.7 11,981
w Vehicle Wi ght 3000. 0 ‘ 3360. 0 ‘ 3048.2 | 29,892
A~45
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(U A211.2 STABILITY AND RESERVE BUOYANCY == The near term SES nust

survive, Wth nargin, the operational hazards of the open ocean, as
specified in the criteria of:

0 Gol dberg, L. L., Tucker, B, G, "Current Status of
Stability and Buoyancy Criteria Used by the U, S. Navy

for Advanced Marine Vehicles?, MNaval Engineers Journzl,
Oct ober  1975. H

0 Sarchin, T. H, GColdberg, L L., "Stability and Buoyancy
Criteria for U S Naval Surface Ships", Transactions of
the snaMeY) | volume 70, 1962.

(U The freeboard and internal subdivision of the near term SES nust be
selected to satisfy the qualification of the criteria for reserve
buoyancy and stability in terms of:

0 Hul I borne intact stability
0 Reserve buoyancy under conditions of hull damage

0 Damaged stability

() Analysis has demonstrated that the near term SES design would neet

the Navy criteria established for Large SES's as set forth in the cited
references for displacements in excess of 3000 tons.

(1) Society of Naval Architects and Mrine Engines
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(U A212 MANNI NG

The Rohr selection criteria for crew size and conposition, and some of
the design alternatives by which the near term SES crew size and com

position was devel oped, are the result of a Rohr-developed nethodol ogy
that utilized the LSES TLR and the "Guide to the Preparation of Ship

Manni ng"  (CPNAV 10P-23), to inpact design and trade-off studies.

A2.12.1 MANNI NG CRITERIA - In arriving at the crew size and
composition, the following criteria were used:
0 The design of the near term SES supports denonstration of
the feasibility of platform performance, including that at
high speed, and conbat capability.

0 The near term SES was not designed to neet exisiing Navy
standards for wartime use, but incorporates salient features
of a conbatant ship for evaluation purposes.

0 Required operational capabilities (ROC) as defined in the
LSES TLR of 28 My 1976 were enployed to identify require-
ments for manned stations and their location, control
equi pment, and manned station |ayouts and support systens.
The ROC are projected for performance of mlitary value
demonstration and combat system compatibility.

0 The Projected Operational Environment in Fleet Operations
was derived from the TLR to delineate specific capabilities
which the fully-ready LSES should achieve as goals as
fol | ows:

1) At sea :n peace tine, Readiness Condition 1V
and for Battle Readiness, Special Condition 1.
2) A capability to perform anti-air, anti-submarine,
and surface warfare on a non-sinultaneous basis.
3) A capability to meet emergency contingencies.
4) A capability to perform maintenance for which the
crew is assigned responsibility.

. A4
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READINESS CONDITION = Conditions of readiness for the
determning operational, mintenance, admnistrative and

capabilities required to support the SES are as follows:

Special Condition | « Battle Readiness -- These conditions
for the near term SES are

1) Condition | ASW Anti-submarine operations
2) Condition | AAW Anti-air operations
3) Condition I SUW Surface operations

All required personnel continuously alert. Al required
operational systems manned and operating. No maintenance
expected except that associated with critical and vita

equi pment  repair. Reduced readiness requires changes from
the Required Operational Capabilities approved by the

Chief of Naval Operations for Special Condition I.

Condition 1V. Peacetime Cruising Readiness =~ Operationa
systems are normally manned only to the extent necessary
for effective ship control, propulsion and security.
Acconplishment of all underway mintenance, support and
admnistration functions is expected. Mxinum advantage
Is taken of training opportunities. Expected endurance
at Condition IV is 15 days

Condition V. In-Port Readiness = Systems are mnned to

the extent necessary for effective operation. Watch stations
are assigned as required to provide adequate security.

Personnel on board are adequate to meet anticipated in-port
emergencies and perform in-port functions as prescribed by
unit ROC.  Acconplishment of all required maintenance, support
and admnistrative functions is expected. Maxinmum advantage
is taken of training opportunities and (subject to the fore-
going requirenents), the crew has a maxinmum opportunity for
rest, leave, and |iberty.
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(m A2123 MANNING ALTERNATIVES — The following design alternatives
were instrumental in the developnent of the crew size and conposition:

) The near term SES Ship's crew was developed within the
implied requirenents of the combat system concept for a

weaponi zed test ship, rather than for a lead ship of its
cl ass.

0 The admnistrative office requirements were combined into

two adjoining offices to provide adequate working areas
rather than individual office spaces per mn. The combined
offices are:

1) Operations Ofice, Weapons Office, Engineering Office
The conbination of these offices into the department
office provides working space for the departnent heads,
ship's 3-M coordinator, and engineering personnel.
% 2) Data Bank/Technical Library « Wthin the data bank there
are work areas for research and equipment, for making
copies of stored data and for conference purposes.

This central admnistrative conplex is interconnected by
arches providing access to each function performed. The
design is economcal in terms of equipment, furniture, space,
and manpower utilization, and results in weight reduction.

0 The central (rather than renote) control concept has resulted
in mre efficient wutilization of mnpower. Ship automation
features include full control of ship's steering, propulsion,
auxiliaries and damage control from the pilot-house and
Central Operating Station (COS). The mninum required watch
positions for the SES are:

1) oob/ship Control Cfficer
2) JODAsst. Ship Control Cificer
3 Lookout / S gnal man

)

| )

3 4) Propulsion Control Console Qperator
5)

Danage Control /Auxiliary QGonsole Qperator
A-49
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(U A212.4 CPERATIONAL  MANNING  REQUIREMENTS =- (perational manning

is the sum of quantitative and qualitative naval manpower needs to man
essential operating stations during a specified condition of readiness.
The operational manning requirement for a condition of readiness is
expressed in terms of the related condition watch organization. The
mnimim essential operational stations developed for the near term
SES are:

0 Special Readiness Condition |, manned on a one-section basis,
requires 79 operational stations.

0 Readiness Condition |V, manned on a three-section basis,
requires 5 operational stations (15 personnel). The mninum
number of personnel required for Readiness Condition IV is 54
(duty and watech).

0 Readiness Condition V, mnned on a one-in-three watch
rotation within each of six duty section basis, requires
two operational stations (36 personnel).

0 Flight quarters, manned on a one-section basis, requires
37 operational stations.

A 2.12.5 ORGANI ZATI ONAL ~ MANNING == The organi zational manning
requirements developed for the near term SES are:

Officers CPO's | Cther Enlisted Tot al |
Crew 08
Helo Det. 04 ) 36 4%
— — — — I
TOTAL 12 09 64 85
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The proposed 3000 LT (29,892 kN) near term SES includes all of the

fuel (for both ship and helicopters) ,

the 28 My 1976 3RSES TLR

sensors and weapons specified in
The basis upon which the near term SES design

performnce was developed conpared with 3RSES TLR requirements is:

Design  Parameter

3KSES TLR
LT (kN)

ANVCE Near Tern
SES LT (kN)

Full Load Displacement (LT, kN)
Mean (perating Displacement (LT, kN)

3000 (29,892)  |3000 (29,892),
1920 (19,1313 2400¢®) (23,91

Wind Speeds

Pierson Moskowitz Sea Spectra
(no attitude gradient)

T'ail Pipe (Trapped Fuel)
A'lowance (LT, kN)

46 (458) 64.6 (644)

[Marine Fouling A lowances

1 ml Surface Finish

Ambient Tenperatures « air
wat er

80°F (26.67°C)
59°F (15°0)

(l)l\/éan Qperating Displacenent at 10% fuel load (LM2500 propul sion)
(z)Maan Qperating Displacenent at 50% fuel load (LM2500 propul sion)
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(u) Detailed conparisons between performance of the 3KSES design and the
28 May 1976 TLR requirements regarding speed, hunp margin, acceleration
and deceleration, turning, range, and operational Sea State performnce
are outlined in the followng sections:

gy A2131 SPEED == The predicted speed capability and requirements
are shown in Table A,2,13-1, All speed requirements at a full Ioad
displacement of 3000 LT are met, including the requirement of 30 knots
(15.4 nis) wth a significant wave height of 15 ft (4.57 m), FT9A-2A
engines at naxi mum continuous power (MCP), and for headings up to
60 deg or nore from a head seas condition. Cf-cushion, the SES
provides operational speed capability approaching the goals.

M)y A213.2 HUM THRUST MARGN = Conparison between the predicted and
required hunp thrust nargins for the 3KSES are shown in Table A.2.13-2,
The near term SES betters the deceleration goals specified with either
the LM 2500 or PFT9A-2A configuration. The acceleration goal is met
with the LM 2500 configuration, however, the Fr9A-24 configuration
requires almst twice the acceleration goal time interval.

(U A,2.13-4 TURNING -- The TLR specified that the 3KSES must neet the
fol I ow ng:

0 On and off-cushion, ahead and astern, control of heading
for docking, undocking and |ow speed naneuvering in a
seaway.

0 Maxi num Tactical Diameter of 4500 Et (1.37 km at speeds
bel ow hunp speed.

) Maxi mum Tactical Diameter of 15,000 ft (4.57 km when
entering a turn at maxinum speed. (The SES is not required
to maintain constant speed in turns above hump speed).
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Table 2.3.13-1 (C Maximum Speed Performance (U

é
|

£e=-v

i
Si gni fi cant Requirenent Knots (nfs) Predi ct ed ;
Vve Hei ght Capability
Operation Configuration Ft.(m Coal Min., Knots  (mis)
Ahead Mean  Operating 0 100 (51.4) - 76 (39.1)
On- Cushi on Di spl acenent 3.3 21.0) 80 (41.2) 70 (36.0) 70 (36.0)
LM2500 at MP 15.0 (4.57) 40 (20.6) 30 (15.4) 31 (15.9)
Full Load 0 100 (51.4) - 81 541.73
Di spl acenent 3.3 (1.0) 80 (41.2) 70 (36.0? 73 (37.6 ‘
FT9 at MP 15.0 (4.57)" 40 (20.6) 30 (15.4 30 (15.4) i
Ahead Full Load 14 (7.2) 1M2500
O f - Cushi on Di spl acenent 0 15 (7.7) - 15 (7.7) F19
Engine at MCP
9 (4.6) LM2500
15.0 (4.57) 10 (5.1) - 9 (4.6) FT9
Astern Full Load 5 (2.6) 1M2500
O f- Cushion Di spl acenent 0 10 (5.1) - 5 (2.6) FT9
Engines at MCP
4 {2.0) LM2500
10.0 (3.05) 5 (2.6) - 4 (2.0) ¥T9

e


Default

Default


Table A.2.13-2 (O).

Hunp  Thrust

Margin (U

Significant | Requirement-% Predi cted
Wve Hei ght Capability
Operation Configuration Ft. (m %
Ahead Mean  Operating
On-~ Di spl acenent
Cushi on 1M2500 at MIP 3.3 (1.0) 86
(1920 LT, 19,131
kN)
Full Load
Di spl acenent
rro at MP (3000 | o3 (L1.0) 21
LT, 29,892 kN)
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BRSO

135 4

Ta.bl e A02913"3 (C)'

Accel erati on/ Decel erati on (1))

Requirement Predicted Capability
Sea
Operati on Configuration State Goal Min, LM2500 FI9
Ahead
On- Cushi on Ful | Load 0 180 - 92% 330
Accel eration Di spl acenent Sec. Sec. Sec.
to Full Speed
Ahead _
On- Cushi on Full  Load ] 3000 Fe, - 735 Ft. 2955 Ft.
Decel eration Di spl acenent (914.4 m) (224.0 m) (900.7 m)
from Full Speed
*This value is seemngly low only because the LM2500 configuration is limted to sub-hunp

operations at FLD.
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Default
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Figure A.2.13~1 depicts several turns attainable with the FT9A-2A
configured near term SES at full load displacenment. The figure shows
that the SES can better the TLR's on- and off-cushion turn requirements.

A 2.13.5 RANGE -- The predicted range performance characteristics
are conpared with the TLR range requirements. The range capability of
both the M2500 and the FT9A-2A configuration is conputed on the basis
of an average speed greater than 63 knot8 (31 nis); the 1M2500
configuration nearly attains its goal, bettering the requirenent by
more than 15 percent. The FT9A-2A configuration better8 the requirenent
by about 10 percent. Range performance is shown in Table A.2.13-4.

A 2.13.6 MAXTMUM CPERATIONAL SEA STATE -- The relationships

between ship operating mode and the operational envelope are shown in
Figure8 A,2,13-2 and A.2.13-3. These figure8 define the operating
envelope8 in termB of the operating mode, speed and sea state.

Figure A.2.13-2 define8 operating envelopes which are based on the
Navy's Top Level Requirement8 (TLR) of 28 My 1976 while Figure A.2,13-3
defines the envelopes which are TLR goals. The on-cushion envelopes
define the operation with respect to the propuision system gas turbine
engine. The baseline engine is the 1IM2500 and the alternate is the
FT9A~2A.
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ACCEL TACTI CAL

U TIME, TIME, TIME, DI AVETER
a KIS, (ms) SEC  SEC  SEC FEET (m
e 30 (15.4) 30 139 255 4500 (1371.6)
= 45 523.1; 21 245 202 11900 23627.1)
S 55 (28.3 18 245 150 14500 (9419.6)
15 =
=
=
i 4
9 FOR ON- CUSH ON  TURNS:
10 a /
Y o ENTER TURN AT
L, 80 KTS (41.1 ms)
e DECEL TO 45 KTS (23.1 m's)
o TURN AT 8 LESS THAN 0.7
,  VENTILATION INCEPTION ANGLE
s ¢ & AQCELERATE TO
80 KTS (41.1 nis)
— ¥ F
~21 SEC D T,
-is sic | 16”7. 266 srg Fe53 SEC
0]
[OFF- ‘,-rBEGIN L
CUSHION ACCELERATI ON
10 KIS ,
(5.14 m'sh, y
A
|
O 413 SEC
. /
S /
-20 : Vi
g < 4,68 SEC
= — a—
424 80 KT ATTAINED
SEC (41.1 m/s)F I
0 5 10 (1000 FT)
N | ]
5' 100 200 300 400 500 600 (m)
TRANSFER
Figure A.2.13-1 (U): 3KSES Turhing Capability (U
A57 ~
UNCLASS!F!ED

o e T e g mvmmmmm A

e

H
Rl MREATRU S



CONFIDENTIAL

Table A,2,13~4 (C). Range (U)

Requirement _
Signi fi cant NM (km) Predi ct ed
Vave Height Capability
Operation | Configuration Ft. (m) Goal Mn. NM  (Km)
Ahead Full Load
On- Di spl acenent
Cushion | LM2500 Average 3.3 (L0 3000 2500 2960
Speed . 60 Kts (No Wnd (5556) (4630) (5482)
(31 m/s)
Ful | Load
Di spl acenent 3.3 (1.0 3500 3000 3295
FT 9 « Speed (No wiad) | (6482) (5556) (6102)
60 Kis (31 ms)
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% NOTE:

OFF-CUSHION

EMERGENCY
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(NO SPEED
. REQUI REMENT)
312?["’[—:’ SURTIVAL —re
58
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Figure A.2.13-2 (Q: 3KSES (perational Envelope « Requirenents (u)
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SIGNIFICANT WAVE HEIGHT (FEET)
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Figure A.2.13-3 (O:

3KSES Qperat i onal
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A3 DESIGN  PHI LOSPHY

(U The overriding philosophy of the near term point design SES design for

the capability of denonstrating that the SES concept can fulfill a role
as an operational fleet wunit. Every design decision has supported this
philosophy. ~ The result is a balanced design in which no single feature
is domnant. Al subsystems and their conponents were accorded careful
devel opment and engineered to neet the specified Top Level Requirenents
(TLR) .

(U) The ANVCE near term SES is a cost effective design, inhabited and

operated by sailors, which provides superior performance, seaworthiness
and survivability in high sea states. The design philosophy is manifest
in the ship's performance and subsystens design.

(U The SES meets or betters Top Level Requirements for speed, range, and

B A b

hump margin in all sea states at a full load displacement of 3,000 LT
(29,892.1 kN). The available range margin can be traded off against
producibility, weight or increased payload. It betters all requirenents
for turns, Translation and rotation maneuvers are easily mde at zero
and low forward speeds for docking, harbor operations, and certain
tactical situations. It comes to a full stop from maxinmum speed in
1000 yards (914.4 m.

The ride quality is much better than required for crew confort and per-
formance of precision tasks. The superior ride quality is maintained
over the entire operational envelope and has been proven at sea. A
destroyer (DD-963) cruising at 10 knots, sea state 5 neets the estab-

lished 4 hour limts. The near term point design SES operating
at 60 knots, sea state 5 easily meets and can exceed the same 4

hour ride criteria

The design is inherently stable. It is safely operable well beyond tha
limts of the operational requirenents. It is funectional in sea state 6
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(U) It is designed to survive hurricane conditions. Extensive digital
conputer simulation and 3,800 hours of tow tank testing confirmed the
design as stable and safe.

(U It is a habitable and highly naintainable ship due to careful attention
given to functional space arrangements and by designing the ship wth
9 foot (2.74 m deck heights to assure adequate head room in all spaces
where activity is required. Duty stations and living spaces are |ocated
away from noise and vibration producing machinery. Al [living spaces
and nessing areas are located for best ride quality and with least noise.

(uy The lift and ride control system is unique and effective. It is a
proven system The ride control system (RCS) attenuates vertical notions
to levels wthin ride criteria limts.

(U) It utilizes an advanced planing seal concept which easily neets the
trans-oceanic requirements of long life and high reliability. The seals
are a marked advance in the state-of-the-art.

(U) The propulsion system is designed for operational use. It is a sinple,
proven system sized for growth. It is a symmetrical system port and star-
board that is easily aligned and maintained,

(U The near term point design SES incorporates an integrated ship control
system which enables five (5) men to operate the ship in conplete safety.
It is designed for centralized operation, operational sinplicity, full
exploitation of the SES potential, and fail safe operation. Reliability
and safety are fully integrated into the design.
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w) A 4 TRADE- OFF  STUDI ES

)

Y

(Y

(Y

Many design variations were considered during the development of the near
term SES point design. These required various trade-off studies in the
general areas of ship configuration, subsystems, and performance.

Adl CONFI GURATION  TRADE-OFFS  -- The near term SES is a full langth
sidehull ship wth an effective length-to-beam (L/B) ratio of 2.60. The
choice of full length sidehulls over partial length sidehulls was the

result of trade studies that included consideration of parameters such as

drag, static and dynamcs stability, sea worthiness, seal design,
maneuverability and structural weight fraction.

The selected seals design resulted from trade-offs that considered the
application of a two-dinensional, planing type seal, or a bag-and-finger
type seal. Factors evaluated in the definition of the seal baseline

included design sinplicity, durability, response characteristics, high
speed drag, performance and off-cushion drag penalties.

Lateral directional stability at high yaw angles is provided by fixed
ventral fins. The specification of these devices and their related fences
are the results of trade-off studies considering various geonetries and

evaluating their drag, waterjet inlet broaching, and maneuvering perfor-
mance.

The configuration also includes sem-flush waterjet inlets and related
ventilation cutouts. T* 2 location and geonmetry of the inlets and venti-
lation cutouts are the result of trade studies involving drag, weight,
propul sion  efficiency, and machinery location considerations.

(U A nunver of trade-offs were mde to determine the inpacts of variation

in bulkhead spacing, frame and stiffner spacing and nunber ¢ decks wthin
the hull. The considerations were optimzation of the structural weight
fraction while providing sufficient enclosed volume to acconmodate the
required ship conpany, mchinery fuel, and specified mlitary payload.
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Ad.2 KEY SUBSYSTEMS TRADECFFS

A.4,2.1 Main Propulsion System -- Trade-offs for the propulsion machinery

subsystem enphasized criteria which resulted in a design that provides
optimum performance, |ow development risk, mninum conplexity, high
reliability,, mxinum protection from environnental elements, good habi-
tability and replacement of nost mmjor conponents without drydeck of the
ship. The primary tradeoff was between waterjet propulsors and partially
subnerged, supercavitating  propellers, Waterjets were chosen because
the produce nmuch lower noise and vibration levels, are less susceptible
to damage by floating debris, have less conplex transmission systens,

can be nmaintained wthout drydock (except for sone elenents of the water-

jet inlet), and can be acquired at lower cost and with less devel opmental
risk.

(U The propulsion system utilizes four 1LM2500 gas turbines identical to

(v

those in service on the DD963 ships, The LM2500 engine has |ow fuel
consunption, adequate power, long life and high reliability. However,
all components of the propulsion subsystem are sized to accormodate the
higher rated FI9A engines, wth but mnor nodifications.

Other major tradeoffs were in the propulsion machinery arrangenent,
combustion air system and waterjet inlet. Al propulsion conponents,
except the waterjet inlet, are located above the wet deck to obtain
good maintainability and mninmze conplexity. Use of seemingly avail-
able space in the sidehulls resulted in poor installations with

di sadvantages outweighing the marginal advantages in performnce,
Simlarly, the combustion air system was generously sized to minimze
engine power |osses and meximze accessability, salt removal, and noise
suppression.

() The selected waterjet inlet is a flush, variable roof arrangenent that

provides superior cavitation and recovery performance, sinplicity and
low drag.
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Ad4.22 Lift System -- An intensive parametric tradeoff study of

both axial, nmixed flow and centrifugal fans resulted in the selection

of dual inlet, single discharge, constant velocity volute, centrifugal
fans because of their low weight, conmpact geometry, and favorable perfor-
mance properties. A further tradeoff resulted in consideration and
rejection of two circulation control designs when conmpared to the fan
concept.  Circulation control was found relatively conplex and not

as advanced as the technology for fans; a proven 1/4 scale fan nodel

was in operational use. The selection of the [ift prime nover was

based upon the fan power requirenments which natched the proven LM2500
with no other GI available in the power range for conparison.

Trade-offs of wvarious fan locations and their attendant shafting and
ducting conplexity were performed. The result was a design featuring
sinple inline shafting, mnimum ducting length and mninum use of

duct elbows. The inline shafting enploys proven narine helical gear sets
(single reduction) over nmore conplex planetary gears.

Ducting trade-offs are closely related to those for the power transm ssion,
with fan locations and air delivery points established, further trade-
offs determned the mninum weight ducting configuration, wth no common
plenum or duct:plenum, no duct air spliting, and use of round ducts. The
fair-weather intake design resulted from trade-off studies concerning free

stream pressure recovery, noise control, fabrication techniques,

base drag,
wei ght, and water ingestion.

The location of the ride control ducting and valving was determned through

trade-offs involving ship's available space, thrust augnentation, and
wei ght i npact.

Major trade-offs for the seals were in seal geonetry, nodularization,
selection of detail hardware and materials. The seals geonetry
offs conpared planing seals with bag-and-finger seals.
geonetries included both twe- and three-dinmensional

and
trade-

The planing seal
(curved bow planform
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seals in concert with the square bowfull length sidehull tradeoff.

The planing seal was selected for its demonstrated |ower drag forces,
improved wear resistance and the durability of glass reinforced plastic
planar elements. The two-dimensional plan 3 bow seal was selected along

with the square bowfull length sidehull L.cause together they offered

a nore sinplified seal design, modulariza ien of conponents, and inproved
seal mintainability and reliability.

Modul arization trade-offs were performed to optimze seal mintenance,
to mnimze loads and, to assure high performance in a seaway. Conponents
included were number and type of restraints (straps and cables) and
quantity of planers and bag modules,

Significant hardware and seal nater trade-offs included conparisons
of (1) straps and cables, (2) mater s for planers, pressure bags,
restraints, attachments, and nodular oints and (3) planer-to-strap

transition attachments. Key criteria in these trade-offs were
weight, reliability, mintainability, ease of fabrication, and nethods
of design verification.

A4.23 Trade-offs optimzed the electrical power generation and
conversion subsystem design. The weight was reduced by almost 50%

by increasing the use of 400 Hz power. The power requirenents were
adjusted through judicious selection of user equipnent so that 400 Hz

and 60Hz power consumptions Were equal. The weight savings resulted from
the extensive use of 400 Hz generators and motors, which weigh less than
one-eighth as nuch as their 60 Hz counterparts.

Drect generation of 400 Hz power by generators powered by aircraft-
derivative turbines (in lieu of 60 to 400 Hz converters) was a principal
factor in this acconplishment. \Wile impressive Wweight savings at
reasonable dollar cost were made, further conversion to 400 Hz usage
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would result in sharply increased costs, owing to the need for specia
equi pment  devel opnent

(U Auxiliaries -- Weight trade-offs were made of 12 air conditioning systens
and equipnment items as a result of this study. A decentralized system
was selected. This system divides the load into smaller serviced areas
each using packaged air conditioning units.

(U) Single centralized and multiple dedicated lube systems were analyzed on
the basis of weight, cross contamnation, cooling requirements, Iength
of lines, bulkhead penetrations, reliability, and redundancy. A mltiple
dedi cated system was selected

(U The trade-offs for the potable and fresh water systems involved investi-
gation of conponents and configurations possessing potential weight
savings.  Vacuumassisted water closets and low water demand showers
were selected. Wight was reduced through reduced quantities of collected
and stored water via the drainage system and the reduced punping capacity
requirenent. Further weight reduction was obtained by selecting GRP
piping,

(U A trade-off study was mde to provide the design criteria and rationale
for the nost advantageous total flooding extinguishing agent. co?
and Halon 1301 extinguishing systens were conpared, and a Halon 1301
system was preferred over a Co, system for its lower weight and shorter
discharge time.

(U  Hydraulically-powered actuators, motors, and puwups Were conpared to elec-
trical and pneumatic equipment on the basis of weight, cost, conpatibility
installation requirements and operating environment. Trade-off  conparisons
indicated a weight saving of several tons by enploying hydraulically-powered
equipment.  In some instances, the electric motor-driven actuators appeared so
bulky and cumbersonme as to be essentially inpractical. 1n the case of high-per-
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(u) formance servo-driven devices such as the ride control valves, |ow

inertia servo-motors with power ratings not readily obtainable would be
required.

(U Weight trade-offs for marine sanitation on the basis of a one-day opera-

tional period disclosed weight savings by wutilizing a no-discharge type
compared to a flowthrough type.

(U A4.25 Qutfittings and Furnishings -- Trade-offs were made for the
insulation and protection (fire, thermal and acoustical) of the alumnum

structure. A rigid panel placed outside the frames was conpared to a

flexible blanket placed against the structure. The rigid panel design
was selected because of:

Ease of installation

. Reusability of panels after renoval for inspection of
structure

. Ease of nodular panel replacenent
. HBimnation of separate sheathing and false ceilings
. Resistance to deterioration during normal shipboard use

Efficient thermal protection of structure through utilization

of an air gap between the panel and structure and a reflective
surface facing the fire threat and

. Himnation of insulating against fire for the cabling and
piping systens.

(U Contrariwise, the advantages of flexible blanket design are |ower cost,
slightly lower weight, increased space, and elimnation of the hazard

of fire penetration behind the insulation panel. However, the develop-
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ment of an effective and practical seal for panel joints to prevent fire
penetration offset the advantages of flexible blanket design.

(U) The large amount of insulated and sheathed cabling and piping external
to the flexible blanket design, coupled with the relatively close frame
spacing of 3 feet, further mnimzed the increased space advantage of the
flexible blanket design and inposed a weight and cost disadvantage.

(U A.4.3 PERFORMANCE ~ TRADEOFFS -- Maxinum performance of the selected
design configuration was optimzed wth respect to:

1) Speed (at mninum drag) with mxinmum continuous power.

2) Thrust margin at hunp speed with maximum intermttent
power .

3) Range.

(U Optimzation of each of these performance factors involved selecting a
best operating policy (i.e., the determnation of operating trim and
draft), [lift system airflow settings, and seal adjustments within the
adjustment latitude and constraints of the design. \hile this selec-
tion could be an n-dinensional optimzation process of great conplexity,
only a limted number of mjor effects need be considered in practice.
The key trade-offs are:

1) Trim and Draft for Least Drag - Ship operating attitude
for mnimimdrag is detcrmined by comparing tank test
data with analytically-derived relationships. The result-
ing policy is checked against system constraints to
assure that the desired attitudes can be achieved wth
the available adjustments.
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Lift System Qptimzation = Airflow distribution, pressure
ratios and seal settings are optimzed with enpirica
data in conjunction wth analytical characterizations

of the lift system Policies for least drag and |east
total fuel rate are devel oped,

3) ptinmum Cruise Speed = There is a speed at which range is

maximzed for each vehicle weight between zero and 100
percent fuel. This speed is found recursively by a
performance conputer program that includes appropriate

representations of drag, |ift system and propulsion system
characteristics.
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APPENDI X B:
B. I GENERAL ARRANGEMENT DRAWINGS

This section of Appendix B contains the general arrangement draw ngs
for the near term ANVCE SES Poi nt Desi gn.

Figure

B.1-1
B.1-2
B.1-3
B.1-4
B.1-5
B.1-6
B.1-7
B.1=8
B.1<9
B.1-10
B.1-11
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GATitle

Qutboard Profile
I nboard Profile
01 Level and Above

Mai n Deck

Second Deck
Third Deck

Wt Deck

Traverse Section
I nboard Profile
Bow and Stern Views
Tank Arrangenent
and Tank Capacities
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DRAW NGS AND DIAGRAMS

These drawi ngs are as fol |l ows:

Dng.  Ref.

11802001
11802002
LL802003
LL802004
LL802005
11802006
LL802007

LL802008
LL802010

LL802011
LL801001
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{U) B2 WEAPON AND SENSOR COVERAGE DI AGRAMS

(U) This section of Appendix B contains the weapon and sensor coverage
diagrams for the ANVCE near term SES Point Design. These diagrams are:

Figure Title

B,2-1. APS-125 Air Surveillance Coverage is Unobstructed

B.2-2 Bl evation Coverage from the Hgh APA-171 Antenna
Position Extends the Radar Horizon for "Pop-Up"
Threat  Detections

B.2-3 Surface Search Coverage with the AN SPS-55 is
Extensive for Mneuvering, Piloting, and SUW

B.2~4 Elevation Coverage for Surface Search is not
Qostructed Along Critical Azimuth Bearings

B.2-5 Collision Avoidance Coverage is Unobstructed for
Critical Sectors and Ship Mneuvering Options

B.2-6 Elevation Coverage is Unobstructed for Debris
Detection dose to the Ship's Bow, Dead Ahead

B.2-7 Fire Control System Surveillance and CW Illun na-
tion Coverage 1s Extensive

B.2-8 El evation Coverage Provides Full Capability for
AAW and ASMD Fire Control

B.2-9 The M 54 Md 0 Antenna Site Augments M 92 FCS
Coverage

B.2-10 Full STIR Elevation Coverage for Sea Skinmer and
Zenith Threats

B.2-11 The QW5 \eapons Qoups Provide Conplete 360-Degree
ASMD  Azimuth  Coverage

B,2-12 Full CIWs Weapons Goup Elevation Limts are Only
Reduced for a Small Sector Dead Ahead

B-13

UNCLASSIFIED
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) B.2-13 The Forward Location of the IR Sensor

Suite Covers Critical Threat
B.2=14 The Forward IR Sensor

in the EW

Approach Corridors

has an Elevation Coverage

Providing an Unrestricted Field-of-View

(U) These diagrams each have descriptive titles
of the weapon and sensor coverage inherent

B- 14

UNCLASSIFIED

t hat

enphasize the features

in the near term SES.
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Figure B.2-1.(U): APS-125 Air Surveillance Coverage is Unobstructed (U) T
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DRAWINGS

B contains the structure drawings for

These drawings are:

Deck Plating = Min Deck
Bul khead = Long, CL

Bul kheads
Frame

Bow Plating and Framng

= Structural

B.3 STRUICTURE
This section of Appendix
near term SES Point Design.
Figure Title
B.3-1
B.3-2
B.3-3 Transverse
B.3-4 Transverse
B‘S_S
B.3~-6 Superstructure
B.3-7 Ext rusions
B,3-8 Tabul ation

- Plating/Tee

B-29
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the ANVCE
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(U) This section

UNCLASSIFIED

PROPULSI ON SYSTEM DRAWINGS

of Appendix B contains the followng propulsion system

draw ngs:
Fi gure Title
B.4~2

(u) The remainder

t

Propul sion Machinery Arrangenent, P/S

Waterjet Inlet Arrangement, Port and Starboard

of the detailed propulsion system description for the
ANVCE near term SES is contained in Section 2.3.2.
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U) B.5 ¢3 ARRANGEMENT DRAWNGS AND BLOK DI AGRAMB

(U) This section of Appendix B contains the comvand, control, and communi-

cations (Cg) arrangement drawings and block diagrams for the near term
ANWCE SES. They are:

Figure Title

B.5-1 Combat Information Center, Min Deck
B.5-2 Communi cation Center, Min Deck
B.5~3 Radio Transmitter Room Min Deck
B.5~4 Data Processing Room Min Deck
B.5~5 Helicopter Control Station, 01 Level

B.5-6 Command and Surveillance Block Diagram
Q B.5-7 IC Voice System Matrix
B- 47
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UNCLASSIFIED

(U) B6 HALL |NSULATIQN SHEATHING, AND DECK COVERING SYSTEMS

(U) This section of Appendix B consists of 29 Sheets of Rohr Drawing No.
LL635001, "Hull Insulation, Sheathing and Deck Covering Systems".
This drawing describes the cited systeme covered in the text in Section
2.3.6.
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GENERAL NOTES

1. INSULATION

A. ALL INSULATION MATERIALS INSTALLED SHALL COMPLY WITH
APPLICABLE GOVERNMENT  SPECIFICATIONS QR SHALL BE
EQUIVALENT TO PRODUCTS IDENTIFIED.

B. IN ADDITION TO THE ABOVE, ALL FIRE, THERMAL AND ACOUS-
TICAL INSULATION INSTALLED SHALL SATISFY THE REQUIRE-
MENTS OF USCG INCOMBUSTIBILITY TEST 164.009.

C .FIRE PROTECTIVE INSULATION SHALL BE ALUMINA/SILICA FELT
OF FQUR-POUND DENSITY PER CUBIC FOOT (FIBRAFRAX QR
EQUAL).

D. THERMAL INSULATION SHALL BE FACED FIBROUS GLASS CON-
FORMING TO MIL-I-742. ALTERNATELY, UNFACED FIBROUS
GLASS Mit-1-742 SHEATHED WITH.032INCH THICK ALUMINUM
SHALL BE USED.,

E.  ACOUSTICAL INSULATION SHALL BE ONE-INCH THICK PERFQ-
RATED HARD SURFACE FIBROUS GLASS ACOUSTIC BOARD CON-
FORMING TO MIL-A-2364 AND SHALL SATISFY THE RE-
QUIRERENTS OF THE USCSH INCOMBUSTIBILITY TEST. ALTER-
NATELY ONE-INCH THICK, SOUND-£BS0ORBING, FIBROUS GLASS
FELT Kiit.-1-22023, TYPE Il AND EHEATHED WITH ,022 INCH PER-
FORATED ALUMINUM, MINIKHA 10% FREE AREA SHALL BE
USED.

F. CLIPS, ANGLE SUPPORTS & STAND-OFFS SHALL BE BONDED TO
STRUCTURE TO ACCOMIIODATE STANDARD PANEL FASTENER
PATTERN (SEE SHEETS 2&2F 828 ).

G PANEL BUTT & CORNER JOINTS SHALL BE SEALED BY COM-
£ PRESSING 6LB/FT3 REFRACTCRY FIZROUS FELT STRIPS INTO
GAPS & COVERNG WITH CRES FLASHINGS

H., DECKS REQU!RING FIREPROTECTION (GROUP | & GROUP II)
SHALL HAVE .26 INCH THICK CERAMICFIDER
MOIST FELT INSULATION BONDED TO THEM, USING A CERAMIC
CEMENT. THICKNESS DEFENDS ON FIRE LOADING.

I.  WHERE REQUIRED AS SHUWN ON INSULATION ARRANGEMENT
PLANS, FIRE, THERMAL AND ACOUSTICAL INSULATION SHALL
BE COMBINED IN VARIOUS THICKNESSES AND FABRICATED INTO
S-FOOT WIDE PANELS

J. THE INSULATION PANELS SHALL BE OF A SANDWICH TYPE CON-
STRUCYIQN CONSISTING OF AN ALUINUM BACKING SHEET.516
INCH THICK,COMBINATIONS OF FIRE, THERMAL AND ACOUSTICAL
INSULATION IN THICKNESSES INDICATED IN LEGEND AND A
FACE SHEET AND EDGE CLOSURES AS FOLLOWS:

o IN MACHINERY SPACES (GROUP | FIRE HAZARD), THE FACE
SHEET SHALL BE .012 INCH THICK CRES WITH CRES CHAN-
NEL TYPE EDGE CLOSURES.

e IN AREAS OTHER THAN MACHINERY SPACES REQUIRING
THERMAL INSULATION OVER FIRE INSULATION. OR ONLY
THERMAL INSULATION, THE FACE SHEET $MALL BE ,032
INCH THICK ALUMINUM. ALTERNATELY, THERMAL INSU-
LATION SHALL BE HARD FACED INSULATION BOARD CON-
FORMING TO MIL-I-742.

® INAREAS REQUIRING ACOUSTICAL INSULATION OVER FIRE
INSULAT'ON, THE INSULATION SHALL BE HARD SURFACE
FIBROUS GLASS ACOUSTICAL BOARD CONFORMING TO MiL-A-
23054. ALTERNATELY, THE INSULATION AND FACE SHEET
SHALL BE MIL-I-22023, TYPE Il, SHEATHED .032 INCH PER-
FORATED ALUMINUM.
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GENERAL NOTES (CONTD)

PANEL LENGTHS ‘SHALL BE AS FOLLOWS:

DECK BULKHEADS OVERHEAD
01 LEVEL 8}7:LG s;o:LG
MAIN DK 7-7 LG 6-0~LG
2ND D K 7-7" LG 6’: 0°L6
3RD DK 7577 L6 6-0" LG

2. EXTENT OF INSULATION
A INSULATION SHALL BE FITTED TO UNDERSIDE OF DECKS, BULK-
HEADS AND STRUCTURAL MEMBERS AS INDICATED ON INSU-
LATION ARRANGEMENT PLANS AND THE FOLLOWING NOTES.
B. INSULATION ON THE WARM SIDE OF THE VERTICAL SURFACES
BOUNDING UPTAKE ENCLOSURES, MAGAZINES, AND FIRE INSULA-
TION SHALL EXTEND FROM THE DECK TO THE OVERHEAD. IN
ALL OTHER AREAS, THERMAL INSULATION ON VERTICAL SUR-
FACES SHALL EXTEND FROM SIX INCHES ABOVE THE DECK TO
THE OVERHEAD.
C. INSULATION SHALL NOT BE INSTALLED IN WAY OF SHOWER
STALLS OR BUILTIN FURNITURE, EXCEPT DOWN TO THE DECK
AND ALONG THE DECK FOR A WIDTH OF NINE INCHES FROM THE
WEATHER BOUNDARY OR TO THE BACK OF SUB-EASE, WRICH-
EVER IS LESS.
D. WHERE ONLY A PARTIAL AREA OF A BOUNDARY REQUIRES IN-
SULATION, THE INSULATION SHALL BE INSTALLED SUCH AS TO
EXTEND 12 INCHES BEYOND THE AREA REOUIRING INSULATION.
E. BOUNDARIES ABUTTING INSULATED BOUNDARIES WHERE lNSU-
LATION IS NOT OTHERWISE REQUIRED, SHALL BE INSULATED FOR
A DISTANCE OF 12 INCHES FROM SUCH INSULATED BOUNDARIES.
10| LSES PRESERVATIVE & COVERINGS SPEC 51563 | L2463000!|
9 [ACTIVE FIRE PROTECTION SYSTEM 51563 | LB55500 |
8 | LSES SYSTEM SPECIFICATION 51563 | LOI0000O]
AIR CONDITIONING, VENTILATION AND
7 |HEATING DESIGN CRITERIA MANUAL 0938-018-0010
6 INLET INSTL- LIFT SYSTEM 51563 | LS567020
5 |ARR- INTAKE SYS, COMBUSTION AIR P/ S 51563 | LL251001
4 ILSES GENCRAL ARRCMT — 3IRD DECK D156 LLBO200CO
3 |LSES GENERAL ARRGMT — 2ND DECK 51563 | L L8BO2005
2 |[LSES GENERAL ARRGMT - MAIN DECK 51563 | LLB802004
| [LSES GENERAL ARRGMT - O LVL & ABOVE __ [51563 | LL802003
NO TITLE CODE |MFR OR CONTR NO
REFERENCES
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PMORS TO MAGAZINE AND MISSILE STORAGE SPACES SHALL BE
INSULATED WITH ONE-INCH BOARD.

ACOUSTICAL TREATMENT. WHEREVER ACOUSTICAL ABSORP-
FIVE TREATMENT IS REQUIRED FOR NOISE REDUCTION IN ROOMS,
0RS TO THESE SPACES SHALL BE COVERED ONLY IF THE AD-
HTIONAL AREA IS NECESSARY TO OBTAIN THE DESIRED
REDUCTION,

ME SURFACE OF THE ACOUSTICAL ABSORPTIVE TREATMENT
#ALL BE PAINTED AS SHOWN IN PAINTING SCHEDULE.

WHERE ACOUSTICAL ABSORPTIVE TREATMENT IS REQUIRED ON
fERTICAL SURFACES, TREATMENT SHALL BE ELIMINATED BEHIND
[TATUS BOARDS AND LARGE EQUIPMENT WHICH HIDES THE
RILKHEADS AND wHERE SOLID SHEATHING S REQUIRED.

MERE ALUMINUM SHEATHING IS USED, THE SHEATHING MAY

E:-FORNED INTO PANS AND SECURED TO THE STRUCTURE WITH %
THROUGH CONNECTIONS. ey
INLESS OTHERWISE SPECIFIED, IF ACOUSTICAL TREATMENT IS L

IEQUIRED FOR ANY AREA IN wHicH THERMAL INSULATION is
PECIFIED, OmLY THE ACOUSTICAL TREATMENT SHALL BE AP-
LIED TO THE PLAIN SURFACES, AND THERMAL INSULATION, IF
IEQUIRED, sHALL BE AppLIED TO BEAMS AND STIFFENERS.

JHERE ACOUSTICAL ABSORPTIVE TREATMENT I$ REQUIRED FOR
N OVERHEAD IN WHICH A-DROPPED CEILING MUST BE IN-
FALLED, ONE OF THE FOLLOWING METHODS SHALL BE USED:

§ PERFORATED ALUMINUM SHEATHING SHaLL BE INSTALLED
. AT THE DESIRED HE{GHT AND SOUND-ABSORBING FIBROUS
GLASS FeLT SHaLL BE INSTALLED DIRECTLY ABOVE AND

. UPON IT.

a PERFORATED HARD-SURFACE FIBROUS GLASS ACOUSTICAL
ABSORPT;VE BOARD SHALL BE INSTALLED AT THE DESIRED
HEIGHT wiTH NO SHEATHING REQUIRED.

ETHODS &4 h ABOVE DO NOT ELIMINATE THERMAL INSULATION
EQUIREMENTS ror THE OVERHEAD:

-

(POSED STANCHIONS AND TRUSSES SHALL BE INSULATED IN ALL CATE-
JRY | SPACE: WITH A 3/4-INCH THICKNESS OF MOLDABLE FIBER MOIST FE ‘LY
SULATION. THE MOIST FELT wiLL BE BONOED TO THE STANCHIONS AND
[USSES WITH CERAMIC CEMENT. THE MOIST FELT SHALL BE OVERLAPPED
$/2 INCHES 10 PREVENT A DIRECT PATH TO THE PROTECTED MEMBER.

T
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GENERAL NOT™S (CONT’D)

3 INSULATION PROTECTION

A INSULATION ON BULKHEADS OF COMMISSARY iN WAY OF HEAT«
PRODUCING COMMISSARY EQUIPMENT AND VEGETABLE-PEELING
MACHINES SHALL BE SHEATHED, INSULATION ON THE OTHER
AREAS ADJACENT TO THESE HXTURES WHICH MAY BECOME WET
OR COATED WITH GREASE OR IN ANY AREA WHERE INSULATION
IS SUBJECT TO DAMAGE OR EXPOSED TO HEAVY TRAFFIC. SHALL
ALS0 BE SHEATHED.

INSULATION  BEHIND LAVATORIES, SERVICE SINKS. WATER
CLOSETS, AND FOOD PREPARATION TABLES SHALL BE SHEATHED
FROM THE DECK TO AT LEAST TWO FEET ABOVE THE WORKING
SURFACE OF THE FIXTURES

B. EXPOSED EDGES AROUND AIRPORTS, DOORS AND EXPOSED
EDGES IN OTHER LOCATIONS WHERE SUCH EDGES ARE SUBJECT
TO DAMAGE SHALL EE PROTECTED BY LIGHT 2 OR FLAT BARS.

C. EXPOSED EDGES OF INSULATION NOT SUBJECT TO DAMAGE
SHALL BE PROTECTED WITH FIBROUS GLASS TAPE.

D. INSULATION IN PASSAGEWAYS AND OTHER AREAS SUBJECT TO
HEAVY TRAFFIC, SHALL BE SHEATHED FROM THE DECK TO AT
LEAST 36“ABOVE THE DECK. SHEATHING SHALL BE CRES .019
AISi TY-304, FIN 4

E WHEN ATTACHING CRES SHEATHING IN WAY OF ALUMINUM

STRUCTURE, ALL SUPPORT ANGLES AND COQAMINGS TO BE INSU-
LATED WITH DIELECTRIC TAPE.

4 INSTALLATION

A. INSTALLATION PROCEDURE SHALL BE IN ACCORDANCE WITH
THIS PLAN.

5. REPAIR

A WHERE PRACTICABLE, DAMAGED FACED FIBROUS GLASS BOARD
SHALL BE COVERED WITH GLASS CLOTH AND CEMENT.

8. ANTISWEAT TREATMENT

A, ANTISWEAT TREATMENT TO BE APPLIEED IN ACCORDANCE WITH
PAINT SCHEDULE.

7. VAPOR BARRIER

A A VAPOR BARRIER COATING CONFORMING TO MIL-C-19993 OR
EQUIV SHALL BE APPLIED YO THE EXPOSED SURFACE OF ALL
INSULATION WITHIN LAUNDRIES, SCULLERIES, AND GALLEYS.
ONE HUNDRED PERCENT COVERAGE SHALL BE PROVIDED BY
ANY SINGLE COAT OF VAPOR BARRIER COATING SEE PAINT
SCHEDULE FOR  APPLICATION.

8. PAINTING

A STRUCTURE BEHIND HULL INSULATION SHALL NOY BE PAINTED
UNLESS IT IS A WEATHER BOUNDARY OR BETWEEN AIR CONDI-
TIONED AND NON-AIR CONDITIONED SPACES. SEE PAINT SCHED-
ULE FOR FINISH PAINTING OF INSULATION.

B. FORWARD SIDE OF FRE ZONE BULKHEADS SHALL RECEIVE
TWO COATS OF THERMAL INSULATING (INTUMESCENT) PAINT,
MIL SPEC MIL-C-46081.

& DECK COVERING f

A. DECK COVERING
RANGEMENT DRAW|
TRATE THE INTEG
WITH THE DECK
ING SPECIFICATION
REGARDING DECK ¢

a UNDERLAY PBC 20
DECK COVERING {$
AND UNDERLAY PG
DECK SEAMS ARE ¥t

¢. DECK COVERING SHA
ELECTRONIC EQUI
PANELS SEE DWG
MOUNTED EQUIPM

10. ACTIVE FIRE PROTECTIOf

THE ACTIVE FIRE pg
ARRANGEMENT DRAS
TRATE THE INTEG
PROTECTION SYSTEM
PLETE INFORMATION
SYSTEM
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:
NG AND DECK INSULATION IS SHOWN ON THE AR-
MAAWINGS, (SEE SHEETS 17 THROUGH 25} TO ILLUS-
EGRATION OF THE PASSIVE FIRE PROTECTION
COVERING, WHERE REQUIRED. SEE DECK COVER=-
TION WO L2463001 FOR COMPLETE INFORMATION
IECK COVERING.

} 20 $HALL BE USED ONLY WHERE
IS 7O BE SLOPED FOR DRAINAGE
AY PC 21 SHALL BE USED ONLY WHERE
§ TO BE FAIRED.

SHALL NOT BE INSTALLED UNDER FURNITURE SUB-BASES,
EQUIPMENT, MECHANICAL EQUIPMENT, OR BEHIND BULKHEAD
DWG LLB02004 THRU LL802007 FOR EXTENT OF DECK
IPMENT, ETC

o
9

CT 10K SYSTEM

NE PRCTECTION SYSTEM IS INDICATED ON THE

F DRAWINGS (SEE SHEETS 8 THROUGH 11} TO fLLUS-

ITEGRATION OF THE ACTIVE AND PASSIVE FIRE
STEM. SEe DRAWING NO LL555001 & 2 FOR COM-
TION REGARDING THE ACTIVE FIRE PROTECTION
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MATERIAL IDENTIFICATION LIST
21 DeEsCRIPTION QTY [HESHEEES vaTERIAL REF] seeciFicaTion |
1 | 12, FIRE INSUL 359,’.-?6556% 7952 |CERAMIC FBRS FELT EQRA?(O%%N%%M =
2 | " PRI T |SSRF i he| 5226 CERAMIC FBRS FELT géﬁoaum%fmislsm'
3| AZCEgST&'NF%UL 30487 |1 7ed 6360 FIBROUS GLASS FELT %‘LL'Q{QZBZ_&?E.J.?ET&E,E
a |1 THERMAL INsuL | 82,132 1o oie |EACER REFONS MIL- 1-742
5 |2" THERMAL INSUL | 2082 | 6L} 1258 FACER ms MIL-1-742 :
6 | 012" FACE SHEET %%[?-‘Sﬂstgi 23134 | CRES SH GAT66 TV PE 309
7 oe'Back s HEET |8951. 52120692 AL sH QT 230m
8 |.012° PANEL CLOSURE, SN'SET:‘SH;\JBFTM-B‘:’G CRES SH 8&¢§7§%BTYPE 304 | 4
S |SREATHING - |SG TG F1] 2877 | LEAD VINYL SRUEQUIV®
10 172" THERMAL INsuL | B3 1921 a1 ]EM‘ESDS FABROUS MIL-1-742 E
1 [VE FRE INSUL- DK 17,307 [ .31 | 5364 |CERAMIC FIBER REFRACTORY PROD CO |
15 LBS/CU FT _ |SQ FT 53 F1l 3264 | MOIST FELT WRP X AQ OR EQUIV *| 18
12 | ADHESIVE L2908 laaor] 1730 | ceramic R Ut Q180 |
13 | CLOTH 62921081 1 384 | FIBROUS  GLASS Ul Ras 9084 TYPE L
14 | RESIN é7Q'32§- s'cIQOFT 1,730 |EPOXY RM TEMP CURE (S)EE'ELQUWQN 934
15 | DECK TILE SOEy kA Q] 9,701 |VINYL ASBESTOS MIL-T- | 8830
16 | RUG 27321:30 | 1866 | BETA FIBROUS GLASS|  GRROAIMNES NATRaM
17 | -
o [ TedRSTT[EEEE7 L | Crowy s meond [Woozions e
o Irepoxr coverine v ErR] asse e K 3
20/ UNDERLAY |Srieisc by ko pT h084 [bmt i Moeness vas  [MOTEMILD-3135 TYPE T
21 | UNDERLAY 15/ SRt L ORI 1] 7,795 [EATEX MASTIC oo [Vh C[MIL-D-3135 TYPE I
22 BOTTOM CHANNEL |, R9F|- X% 3,205 [ALUMINUM  {x2zx090] [R5 "£2078
[ Toorront ommes [ 301E0] 7m0 BEIPHALT, G| [ana-soor
24 | SUPPORT CLIP LN ETHEOS] 1,287 [ALUMINUM 1'x.090 Qaa200rs |
25 |INSULATOR PAD 20238 |.017 | 344 2EIRE P ot g %ﬁ?(ORgngm\;BER-
26 |ANGLE 2x 3% 062 |\ g0 2|20 1384 |ALUMINUM S meg i 9Q-A-20078
27| (- [xrx.0235 'O,J“,_f‘%f_:g;} 1,723 | 0235 CRES QQ-A-766 TYPE 304
CONTINUED Off SHEET NO &
UNCLASSIFIED & . rigre ne-
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MATERIAL IDENTIFICATION  LIST
TEM oescriPTION ary [REICHTIBST ™y areRiaL REF SPECIFICATION%
28 |SEALING STRIP2hW |+ |1525 aee7|.0235 CRES g%&GBTYPE 3
29 [RIVET, BLIND 20,23810625| 1,265 | /5" DIA CRES wo 1osuit
30 [ANGLE 4% 4'x.062THK] 8994 324 2215 |acuminum SOMEST 88(;{‘_1-280/3
3l
32 [SPACER %3 DIAx2"LG |20,238[125 | 2,530|{CERAMIC
33
34 [oHANNEL %21’ | 8025 szgT 2,277 0235 THK CRES QG A 768 TYPE 3
o oomme (S G corolanly a et ] [Basne
36
37 |RIVET BLIND 13,834|0625| 865 |% DIA CRES 1610 suir
| 38 |
5o [oEoK WeULATION | SP2E | e [ P e
40
41 [ADHESIVE (RUG) | an/39 S{QOFT 373 $M-8%¢ on g
42 [apHESIVE TILE) | A7) slO] 82 MIL-A-21016
a0 [ QR FACE SEET E3RT lonrrl 11,335 [ALUMINUM  SHEET Qa-A-200/8
44 |ISOLATION STRIP [28,900/.016 | 462 |RUBBER /g THK 'k 2%
as| | { (3028122 9ia | Y THK 3% WiDE |
96 |3 [ESQPHTN [$8%P1 0| 1474 |CERAMIC FIBROUS 2‘5%%08%”%&7_'3
47 | .032' FACE SHEET [{&220 18021 5539 [ALUMINUM SHEET 08-A-250/8
48
49
50

UNCLASSIFIED 4

Figure




UNCLASSIFIED

REVISIONS
DESCRIPTION DATE | APPROVED

S COOE IDENT owe no Lia]
NUMSER

clim | LLessool 1-{ .
scate NONE fsueey 5 or 29 ,}
, UNCLASSIFIED
.7 B-60 >

!
—— W W o e A B e

TV
.'c;“{. S

Eia
J:;’}
s




., i bty R e gk
S e e L R

UNCLASSIFIED ¥

LEGEND

FIRE HAZARD CATEGORIZATION

SPACES ARE CATEGORIZED THRU [4] ACCORDING TO THE
ANTICIPATED FIRE LOADING AND POTENTIAL FIRE HAZARD
OF THE SPACE

FIRE LOADING IS DEFINED BY THE WEIGHT OF COMBUSTIBLES
PER SQUARE FOOT (LBS/ SQ FT), SEE TABLE BELOW,

GROUP |DEGREE OF HAZARD |FIRE LOADING
d HIGH (MCHRY SPACES) !xo LBS/SQ FT
@  |MODERATE TO HGH |5-10 LBS/SQ FT 0% FoPInE, A-ACOUSTICAL, T
@ | woperate 3.5 LBS/SQ FT' ITEM | PASSIVE FIRE Pl
NO_|THICKNESS| MATER!
@ Low |0-3 LBS/SQ FT l " FIRE
2 B INSULA
5 ,. ACOUST
INSULA
' A\=ACOUSTICAL CATEGORY -SEE SHEET 7 4 " 8Ho THERN
5 2 ovHD INSULA
() =THERMAL CATEGORY -SEE REF NO 7 W) o THER]
4 1"ovHD INSULAT
SHEATHIl
1 &3 PYR'F+i'a FIRE A
2& 3 |["Feramaci sy ACOUS
\ 10&3 [ 1+a@HO THERMALS
ITEM| DECK COVERINGS 483 "r+i'acovio]  ACOUS’
NO 3&4 [*" rr+faeio | THERMAL
DECK TILE 345 ["FZT1+raoved] ACOUS
15 983 L . LEAD VIN
6 RUG ewEa s Acous
1,34&9 VZE NS LV 1A LEA(;:‘VRI
2,349 rEaELvera ACOAUNS;
! SLIP RESISTANT SUSPEN
[ 18 | COVERING 8% CEILING
EPOXY . FIRE!
I 19 ‘ H 174 INSULAT
UNCLASSIFIED & Figure £.6!
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{ND THERMAL INSULATION
*THERMAL, LV=LEAD VINYL

. PROTECTION” ACTIVE FIRE PROTECTION
‘ SYSTEM SYMBOL

HALON L

HI-EX FOAM

®
FE 1211 a
! JexTiNGuIsHER et
I8* DRY CHEM
HEXTINGUISHER
AFFF_FOAM

775 W SPRINKLING

> o

AND N
WSTICAL | e

ENDED |
ING ©
IRE

_ATION |DECK \\\\\

T -
GFE | CODE IDENT Jlowe wo Aty

Cleams | 11635001 ]
? foese—NONE—T Taneer—@—or 29
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SPACE/COMPARTMENT AIRBORNE NOISE CATEGOR!

8 LEVEL Jrnever o L MAIN OECK __
CATE. CATE.

SPACE/COMP GORY SPACE/COMP GORY SPACE/COMP

FLOT KOUSE Ayg | CHART ROOM Ay | COMM. CENTER
HANGAR : cie
HEAD
PASSACE WAYS H RADAR PRCS ROOIA
FAN ROOM H AVIATION OFFICE
SEA CABIN Ay | DATA FROC. CENTER
CENYRAL CONTROL ml‘@m‘ri WORKSHOP

STA Ay .
PASSAGLWAYS

RADAR EQILIP RM [} AL ROOMS
HELOD LANG CONTROL, MK 46 JIRPEDD
mg‘" SEASTA : MAGAZINE |
MACHINE ROOM # | SCRGBULY MAGAZING

AIRBORNE MQ!SE LEVELS (DECIBELS Rt ZBuN/M!l.

AVIATION ~ §YORE.
RGOS
AFFF STATION
RADIQ Xs( i RDOM
SUPPLY OFFILE
5015501 KOOM
ELER MAINT K4
BDSUN STORTROOMS
ELECIRONIC SFARE
FARTS S1h¥
$0 GENLSIHM
T8AS CURTAOLCTR
AVIAviun g GLA
WORYSHOP
ELEK GEM ROUMS
LX. HAN. AmS

CATE.
CORY

Ay

»
P>y
~

al

XDE WOL SOoOWRSROUD ST TOME >0 M

NOISE [siL CENTER FREQUENCIES OF STANDARD OCYAVE BANDS (H7)
CATLGORY |VALWE | 32 | 63 | 125 | 260 | ted | 100d | 2000 | 4070 | W0
[N PRI ERE SLENOYE2 0| e
Ay #olw | s w6 St€ NaTE2 0in
s wone oo | m [ o |3 [ 3| mo| e | e | s
c Noke [ 05 | 78 | 92 | e | &5 | 82 | 60 | 58 | &
] Nowe (105 [ves | s | st 90 | ms | es | 85 | m
£ 12 lgs |89 | s | 90 SEENOTE 2 T
L] SEE NOTE Y ] |

NOTE 1. THIS CATERDRY APPLIFS TO SPACES WHERE A HEARING HAZARD EXISTS, SUCH AS

GAS TURDINE ENCLOSURES WHICH MUSYBE ENTERED ON AN {NTERMITTENT
BASIS FOR MAIKTENANCE PURFOSES.

N THE 500, 1000, ano 2008 K2 Octave BANDS, THE St
VALUE 1S THE AR{THMETIC AVERAGE OF THE SOUND PRESSURE LEVEL IN THE
ASOVE THREE OCTAVE BANDS

2 THE sc vALUE RPPLIES

3. THE NOISE LEVEL IN ANV ONE OCTAVE BAND MAV BE EXCEEDED BY TWO DECIBELS

FOR EACH ROISS CAYERORY. IN THE OCTAVE BARDS WHIRE THE SIL VAL UE
APPLIES, THE NOISE LEVEL MAY EXCEED THE SIL VALUE IN ANY OF THE THREE
OCTAVE BAKDS PROVIDFD THE ARITHMETIC AVERAGE OF THE LEVELS IN THE
THREE BANDS OOES NQY EXCEED THE SPECIFIED SIL VALUE. .

DEPY OF4ICE

DATA RTECH
LIPRARY

EXEC OF FICE

EXEC prF. $A

OFE WA, WCASH

EPO Bt ATH

LrOWR we 43R
A LOUNGE

NH Mt 55 ROOM

PANTRY

CP | DUNGE

CREW REC. RM

Enrw MESY AM

SCULLERY

GALLEY

CFIW WR,WE & SH

MID TR ROOM

t AR AOOMS

Or [ BAL PM

€O BAG RM

Bity PECY. SIAM

PASIAGLHAYE

crEw ] 1vike $E8

CHILL STORERODM

FOLELC S10MIRUDM

Ri bt HSCHEY {4
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co KATH

co SR
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ALY REPAIR
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Rt L0 SECRG AWM
RDU STAS

SHIP [NTFER EOP. AM
ATKLT 11§ GEAR RM
SEAL APR FHSTRM
UNALSIGHEO

FWD REPAIR

LY L

D GECK

CATE.

GoA

¥ SPACE/COMP

SPACE/COMP

COOUOINOODEOUUTARARCCTTFOOCCIRURAPEIBRIBTREBARL R

)
A .
ANCHOR WINDLASS B
AUX. MACH. RODMS
ELEK GEN RM$
PROP. FNG. RM$
WATE RIETPUMP RMS
LIFT FAN ROOMS
ROU STATIONS

BOW SEAL MACH. RM
LAUNDRY ROOM

AIRBORKE NOISE CATEQHM

A, CAVEGORY A. SPACE
VION MUST B LHDER
VHTHOUT KEED FRR
AHE BASED Un APPRU
FITHEH IFELT OR 12
WHEN THE EXTRER
THAM B EELY. CATE
EXTREME TALKERL
GREATER,

B. CATLGORY B, SPACE
THEIR OUARTERS IS
COMMUBICATION CO

€. CAYEGORY L, SPACT
ESPECIALLY QUIET €O
B, CAIECORY D. HIGH

MUNICATION IS HOT 1§
1S KOY PROVIDED, AN

PRIMARY CONSt DLRA
E. CATELGORY E. ARtAS
HIGH VOCAL EF ¢ ORT
A ) WHERE AMPLIF)

(owmarLy AV
CATEGORY N, NOISE
LEVELS EXCECD THE
$PACES. THE REGUIR
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WET peck

= [eATE: CATE
© looay | seace/come GORY

K0 REGUIAEMENTS

OEODEEXTDIOS

rs s ko A

TEGORLLS R

ACES FHERE DIRECT SPEECK COMMUNICA H
BNDERST 000 WiTH MINIMAL ERHOR ARD i
FOR FEPETITION. ACCEPTAGLE MUISE LEVELS
FAPPRD ¥ VIAATE TALKIR-LISTENER DISTANCES,
QR 12 FLET. CATEGORY A-JIS A IGNED
REME “ALKER-LISTERER DISTANCE IS LESS

TECATY £-17 1S ASKIGHED WHE N TRE
A n.us'x'cnsn DISTANCE IS § FEET OR H

Aces WHERE COMFORT OF PERSONKEL IN
RS IS THE PRIFARY CORSIDERATION; ‘«umf
NCOP:,IOEHAHDHSARE SECONDARY.

BPaCte A)EAE T 18 ESSENTIAL TO Mmu‘mn
HET CORDITIONS.
HIEH #5156 LEVEL AREAS WHERE VOICE COM-
MOT 14rGRTART WHERE EAR PROTECTION
giahu PREVEXTION OF HEAmm. L 05S 15 THE
AREAS wm:ne VOICE COMMUNICATION AT
FFORT OVER SHORT DISTANCES 15 ACCEPYASLE
LIFIED SPEECH EQUIPMENT OR TELEPHONES
Y AVAILABLE.
01SE HAZARDOUS AREAS WHERE KOISE
THE | EVELS SPECIFIED FOR CAYEGORY
EQUIREMENTS OF BUMED INSTR 625068 APPLY.

ey

® Prospective Category
Change Upon Space Assignment
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COMBAT SYSTEMS ARRANGEMENT DRAWINGS AND BLOCK DIAGRAMS

(U) This section of Appendix B contains the combat systems arrangement

drawings and block diagrams for the near term ANVCE SES. These arrange-

ments are:

Figure

Title

B.7-1
B.7-2
B.7-3
B.7-4

B.7~5

Radar Processing Room, Main Deck
Radar Equipment Room, 01 Level
Electronic Equipment Room, Main Deck
Mk 46 Torpedo Magazine

Armament System Functional Block Diagram
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(5180 FwWD) i e | |
=T —&  MISSILE/ |
STANDARD MISSILE LAUNCHER
CANISTER ®6 |, COMMANDS § STATUS ol SELECTOR
(FORT AFT) G§d l
-‘G I
STANDARD MISSILE | COMMANDS ¢ STATUS
CANISTER *2 254 ]
(PORT Fwi
VERTICAL MISSILE LAUNCHING SYSTEM _!
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HARPOON - HARPOON | - !
5o ANy |
< LNCHR 3 .
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J(ORT AFT) ORIVE -
= ianrogy | e
HAR:OON - - . . RELAY ASSY l. . |: :
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MK &0 "2 ELEVATION | ) i
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- PORT & STBD LNCHR ELEVATION CONTROL )
[ AND STATUS AND FIRING INTLK
“ %71
LNCHR
- HARPOON ELEVATIONIe—
CANISTER DRIVE )
MK G0 5 HARPOON '.__.._F'
LAUNCHER
TBD AFT) . B RELAY ASSY ' chotx
(G180 AFT) || . | o
i
HARPOON
a3 - LAUNCHE
HARPOON L:anun I RELAY ASSY
CANISTER LEVATION=— 578D FWD)
MK 6/0 % DRIVE )
T8D FwD) y
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PRE-LAUNCH & LAUNCH PWR .
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APPENDIX C

This appendix contains equipment data sheets for the near term SES C3

system and combat system elements,

Items marked with a { are part of the 3

system and those marked with a
& have navigation and IC related functions. All other elements not

marked are part of the combat system.

Weights, size and service requirements are shown for unit elements. The

tables show the quantity required for the near term SES.
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ELECTRICAL POWER, W IE
|
INSTALLATION g
DATA 7
«
ol B =
N N T Tl T T 1€
N N N X X
rjlxjzx}|a] s O19151 & |
. > = = = o o = w wl = YR
(o] [l S B B {19 o 2lx|=2i o0
2 = | © = o =3 - = 3
T 212131212213 w <
EQUIPMEN
o < Y o
=3 [ T - T = L . Q> o s | in | in | in
O B B o A R B - N1 | tmmd § tmim) | (mm)
Display System AN/UYA-4(V) 41
A |
PP} Display Cons. cre L] o1 | 45
0J-184{UI3/UYA-41{V) A 3 SLO 200712701 813 {1143 k
Radar Data Dist. Swbd DPC tao| 124 27| 23
SB-2780/UYA-41(V) A2 1 1 (L0 2471|1812 |%40 584 ]
§ ov-arVIz/UYA-I(V) A% ] 250 252 [1829]|240 1 284 |1
Signal Gen %5
SG-1051/UYA4IV) AL i LPe 1
Remote Data R/O 5 H 33 | 23 ﬁ
OA-8337(VI2/UY A-4(V) A5 | 2 156 cie 561275 )86 |552]
intercom Station CI;PCC 27 g |9 15
LS 537AJUVA-4{V) AG | 2 5y 120 {129 483 | %81 |«
Comm P.P. ope 32 | 12 %7 {12
SB-Z781/UYA-4{V) AT I 469 11828 P20 | 462
Monitor Control Cons bPC Y.y 50 } 24 | &7
0J-200/UY A-4{ V) A8 ' &0 1957 L1110} 610 [1194
OPS Summary Cons 49 | 52 At
OJ197/UY A-41{V) 1135 cic 194511321 Lo 4t j
’ E
;’“ SSaRR RO
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PO RELACIN SRR
o COOLING WATER HYDR AIR
< =
% éuE w w .OJ
1o £ |5 o« Sl
D g|og 21 = 2 2| a
Tt I =2 |BlalalaalZlals
' < O|lw|is|ojw]l]Oo|W]|o
[} wiJdlel|lua|X|c|S]1%]20
5 T a. (198 o - I (% [T a. ')
> >
=
‘ gpm | psi psig [ psi | 9pm | Ppsi 1£3/min
w | w em¥sh (kpat | ¢ | kpa) | txpay |ems | kpat | m3re NOTES
! -7 180 .0 18" (457 mm) Rear Clearance Two Additional Consoles are
5201 632C | DW 1073 1034140.5 24.5 Growth {tem DW Ceminwater
3 h511s0 4.9 18" (457 mm) Rear Clearance
210 | 610 ] PW|24.611034]40.5(23.4
14 | 150 hd 18" {457 mm) Rear Clearance
150
18" (457 mm) Rear Clearance
t18" (457 mm) Rear Clearance
2.2 {150 8.0 . o ont
490 |1240| bw |2019 1034 40.5|55.2 rowth ftem Only

TINC! ACCIEIER

c-2

N e e A




RS " R

UNCLASSIFIED

ELECTRICAL POWER, W

INSTALLATION
DATA
- L] N ;:. ; T o
slel2|E|E &5 |E|E
. > | o o o e | e 2 w wil 2} wud
(@] ol I © | © 1 9 O = Tl =| of
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=2 I IR BN o BN <
EQUIPMENT alg|=z]|z2121212 W 3]
= 2 w0 . 8 219 o > o ibs in in in
wn o - - <t — — (o | -4
(N} | {mm) [ {mm) | {m
Zoinputer System 412
AN/UYK-7(V) A |
Computer o 835 | 41 | 7o ’Z'.’:z:
ANIUYKT(V) NEE 2760 PC 2580|1041 | 508 |58 488
Computer Cont 5 b 7 7 ' :
C-8542/UYK-7(V) AZ | 2 ope e {152 | 112 | 172
Test Set e w19 63
TS-2942/UYK-7(V) A3 | 16 oPL 156 | 482148 )15
Digital/Analog SWBDS 41
) A
Combat Syst SWBD 1000
_ Al | 3 ePC 4448
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T jx Sl lo | T | |W )
e >
in psi psi | 9pm | psi [#3/min
(mm) °c wkpa) lem3rs ] iwpa) | m3ss NOTES
;ZE One additional comp is growth item
584
2
79
]
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INSTALLATION
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T I I == 910 E 0.
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gleEjgle1sSl133 Q sz o
2 E 57’ 8. ‘?? Tl E -
EQUIPMENT alegl21212]121> w O
Q o ] o w | w o. . :
b 2 L ! e -1 & 8 e 9 Ibs in in in :
N I Ll Bl B B B . ) | tmm) | tmend | (e
Interface Equipmaent 414
A X
1/0 Cons Deac . e | 3 | 30| 34
O+172/UYK-7(V) Al 1 486 900 oPC 4315 | 1000| 762 | 804
Signal Data Comv 625 | 72 3 ii—%
CV-2953/UYK A2 |t [s00 2000 pre 2780 1819 | 240 | 524
Data Terminal Set 414 3
AN/USQ-63 A .:;?;g
Electrical Equipment EER " 9 19 (2
Dwr A ! 160 SO 1729 1483 | 44)
Digital-Anal Conv 32 8 7 19 :
CV-2969A(P)/U A2 | 142 {203 118 ]48%
Comp Adapter 17 8 3 20
MX-9222/U A ' 53 {203 ] 16 |50 g
Fault Isol Cont 3 4 2 4 :
Cc-9061/u Ad | 13 :
Address Cont. Ind %0
C-8062/U As | cie 139
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C-9063/USQ-59 Ab 1 36 cie 178
l Equipment Rack 40
A7 ! cie 178
Cont SWBD 160
SB-3372 A8 ) EER 712
|
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{AIR)
HEAT DISSIPATED

HEAT DISSIPATED

(WATER)

COOLING WATER

HYDR

AIR

FLOW
PRESSURE
TEMP IN

TYPE

PRESSURE
FLOW

PRESSURE
VOLUME/FLOW

gpm | psi psig
em/s) (kPa)

o
(2]
=
]
LS

psi gpm
(kPa) [em /s

113 /min
'kPa) | m3/s

b
£,

2386

oo

18" (457 mm) Rear Clearance

a0

Holis A2, A3, & A4 and fits into std 319" (482 mm) rack

19
182

52

VJDS

42
o5

14
Y

Holds A5 & A6

sk

PR TSRO IEERERER GRS SSEL PN P St L S

EREO SR SN

UNCLASSIFIE

e AR A i ST i sbe BE b s



S 11 e

UNCLASSIFIED

WW-Ww_h~
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Test Set 416 | | (83 oo DPc deo| 24| 32| 19
TS-2460/UYA-4 Al [234] wio] 212]483];
Non-elect NAV aids 42|
A
ai : [ =] g
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A\ (2 22
%
Barometer LS«‘Z | P H 22
Clinometer A2 ' PH S
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f
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ELECTRICAL POWER, W
INSTALLATION )
DATA
| N N ’i E T
N N N hu 4 X G} o =
=15 15(518]8 z G|m|o
ojkElejole ]l 91 Y o 3 I -
2 rltelaolo =3 =] =
=1 v o & N Y P
EQUIPMENT gleslzt1izlzlialz o 3]
z (ol 38&8R Q1 > 9 tbs | in | in
20 I B Ll B B B - ) | tmm | tmm)
Electrical NAV aids 4272
b
Masthead Light 9
Al | 5o MAST 4o
PiLoT ]
Side Light
o e A2 172 | 50 HousSE |40
X =]
Stern Light AD | 50 AFT ia
Towing Lights 172
A4 |2 | 5o M&ST | 53
Task Lights + |2
AS | ) 450 ML S 58
ke Li . =)
Wake Lights AC| 2 g6 MAST BC)
8
Anchor Lights A .7 2 56 MasT 3¢
20
Speed Light A | 1 1135 MosT | 89 :
Blinking Light 26
Ao |2 [1Bo AERT WG :
Search Light ns
arch Lights ao]| 2 |, 060 o2 We Xt 5
Supply Control & Telltale Panel PiLeT 5C :
Attt House 249
Supply & Control Panel APlLeT 34
. 4A1Z2 1 House |!5!
X FleT 33
Dimmer Panels A3 2 Moo oE e
: )
Range Light Al4 \ So Ma ST 40
I 4
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2 18 COOLING WATER HYDR AIR
R :
-] < < —_ ;
S 1% .13
A w!
QE|B P o - o < |
S 2151131122
x = - = Y, a. n. 7, =2 \(ﬁ s
u |< = Ciuwuls o|lw ]| O w3
pjW (W Wl dloe |G X x| Jlc]
y T > -V T o L Fo)
b >
in gpm | psi psig | psi | 9pm | psi |13 /miny
| WO W (em¥s) (kpat | ¢ | kpa) | tpar [em¥ss| epa) | m3ss NOTES

20 DT Light-White No range it unless 2nd mast installed

10 pt. lights - green - s
red - port

12 pt light - white

portable

Red - white - red - 32 pt
Two sets for full coverage

Gred Bulbs
3 White

Includes A/C warning It

12/305

20 pt light - white

e
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ELECTRICAL POWER, W
INSTALLATION -
DATA :
| n| N ElElx
N N r X
T :E I (=] Qo ."2 9 E
. > o e} o o o 2 W L -
@) ] @ ol <1 9 O 2 ;=
Z =l o ot o o | o - ?
EQUIPMENT o 2|3 |1213(3]32 1 3
o |13 13l3|dldlel = S ; ;
= 2 -~ - LD -~ L A > g Ibs n n '
w >0 B - = -1 v = (M) | {tmm) | (mm) (m
Helo Landing Lights 422 3
=
Edge Lights LANDING 18 E
(Red) 256.1 256.7 Bl 7 58 PLATE Ro- 5
Lineup Lights (white) le
260.1 356.9 B2 20 | 458 1
Touchdown Lt 18
{Green) 256.1 256.7 B3 | 38 8o
Vertrep Lineup Lights
. 14 9 2]
{White] 262.1 257.3 B4 5 | o0 6z {229 ]15%2
Vertical Dicopline Lights 3 r
{Red) 243.1 85 i” 106 1% £
Extended fineup Lights (White) 3
Bé 12 | 456 I3 :
Deck Surface Flooding Lights ' 5 3
{Red or White) 87 8 150 a7 }
Maint Flood Light } 15
{Red) B8 I oo L7
Hier Headine Lights s
(Red) go | 2 | 5o 02 LVL 22
Signal Wands !
1o | 2 4
Wave off Lights 5
{Red) &1l 2 hee 0% LVL 77
Overhead Flood Lights 15
{Red) o3y & (306 &7
Landing Signal Light Kit * 5
B3 | 22
Homing Beacon 17
{White) 258 gid | 3 |iso 53
Rotary Beacon Signal System 1?7
{Red Green Amber) g5l 2 | i150 53
DECK STATUS LIGHT 2
(Red, Green, Amber) ®ib | 150 £%
. ;
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8 |2 COOLING WATER HYDR | AIR
fom b
< < _ =
a, a.
B =5 5 w w |9
DLl < | - &« Slu
EIERCE] |z|2]a|=|B]518|2
= a. a | n
ol % Ik dlo|glacjwjoiywis
pet w - e o
sl | Ju |wl2]le|Ww| XL 1=
s T | el ||l ]l T | | v o)
[
Cin | in gom | psi psig | psi | 9P psi {13/min
Imm) | (mm) | W W (crn3/s) (kPa) O¢ | (kpa) | (kpa) [em/st (kPa} | m3ss NOTES
Atleast 4 paredge 150,19 YEMR 38W ea. 12V
Turn on only 6 at a time
4 120/6.5 XFMR 6.5V 45W
| 3 ‘ 120/12 XFMR  38W ea. 12V
1521 76
120/6.5 XFMR 6.5V 4A5W ea.
115/12 XFMR  100W 13V
120/6.5 XFMR 6.5V  45W
28V 120/30 XFMR
g Battery Powered
Battery Powered
115/32 XFMR  150W 32V
3
A

M. UNCLASSIFIED F o



INSTALLATION

ELECTRICAL POWER, W

DATA
‘ | b=
N N I x
AHHEIE 5|5
. > g g S o| S 2 w | m
oQlkE|® |0l I|T Q z | x
=1El2|8(812|8 =
EQUIPMENT 44 SIsIS]>1 L o
g g 2218181219 & o} tbs | in
Gl =S|~ |R]F - N} | (mem)
Stabilized Glide Slope Ind. 422 Soo
c ! 2224
Hydraulic P Assembl HoaNG al ¢
rauli ump mbly 4
et ]| 2100 1)
HELO | &
Remote Panel Assembly c2 ' c.: : ‘3; ;&boHL 1g
Stable Platform Assembly &2 vl %
” ¢ )\ o 35
13
Glide Slope Indic Assembly c4 | 02 Lv L 230
Transformer Assembly | 4
cs | Hamaam 35¢
. 3o
Electronics Encl Assembly e Co | 6o Homg o 62
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o .
s |52 2
— - (x
Q&[S o ( < | i
ox|lag 5| 2 -l 210
X g 7] %2 o)
[l [ P Z2|l8lala|Blzlé]ls
b < |« Clu|s|{oalufjda|lw]ls
o |ul w wi 2 e |w|X|laec|ld]lc] 3
T |x Sl ol | T e e o
-
in gpm psi ps|g psi gpm psi 1t3/m|n :
| w o | w em¥si (kpa) | °C | kPl | kpa) |ems | <pal | m3ss NOTES
7 Close to Glide Scope Indic & Platform
27 Self Contained Hydraulics 2.7A
-
57
L8
il
2l
¢
7 W/in 8 of Platform Base (914 mm)
18
(=] 10760 W total Helo Hg pwr 60 hz h
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INSTALLATION
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Wl ol w28 zlzlzl|E
. > o o ) = o 2 L w | = w
oleEl2leleld i o =z|lxl=z]o
ZlEl21&8|8| 2|5 2
EQUIPMENT @lgl=>13|z2]21|2 a Q
A : S |olelblgllw 8 > 8 Ibs | in | in ] in
7 =R R B A B B - ) | tm) | tmm) | tmm)
Receiver 4% 1se | 13 119 | %0
R-1843/WRN-5 Al ' [4Q0 bbb |3%0 14821162
Pre Amp % 1% | s
AM-6603/WRN-5 A2 ] - 458 1330254127
Remote Display 5 s 5 "
IP-1154/U A3 i | 70 72 {17 1271279
Headset !
H3/ARR-3 Aad 10 4
Antenna 20 | 46| 65 DA
CA-3086 A | 07 LvL 89 |1eg! esjora
Omega
AN/SPN-17 &
Receiver/Computer CHART ©8 12 14 124
OR-133 (V)/URN Bl ! ROOM 35673053506 607
Antenna 9 b 173
AS-2960/SRN-17 B2 1 40 |%o0] 152 {152
Control Indicator 7 14 10 9
C-9462/SRN-17 B3 l 76 356|264 1229
Interconnecting GP ck (=] 9 il
ON-128/WRN gd | 1 415 147 | 254229 | 219
Test Set 40 | 14 | 19 1)
TS-3389/URN Bs | ! 118 1350|483 |279
Echo Sounding System 424
AN/UGN-4 A
Indicator Display 21 7 ) 17
1D-1566/UQN-4 Al 2 o0 93 | 1719|254 |432
Transmitter/Receiver 195 {29 | 24 | 20
RT-888/UQN-4 A? t |20 8671737 | bio|soB]|
Transducer 12 | 8 115 |oia |
¢ Az [ £83 203 {381 {DIA |-
[ - [ l
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HEAT DISSIPATED §
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COOLING WATER

(AIR) _
HEAT DISSIPATED }

(WATER)
TYPE
PRESSURE
TEMP IN
HXDP
PRESSURE
FLOW
PRESSURE .
VOLUME/FLOW

-
2

o
O

NOTES

400

RO

Studs out t> 13" (330 mm) diameter 38.25 (972 mm) max
base dia

F22

%(,0'7

Powered via ON-128

35‘2

2229

Powered via ON-128

-

219

238

"

85

Powered via ON-128 420W 60Hz

A15W 400H;  Totel

e

17
432

y{-]

‘20

508

94

BiA

DIA

530 W 60Hz

I AT

.v,-qywhw'“.w vt

‘
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COOLING WATER

HYDR

AIR

HEAT DISSIPATED §
(AIR)
HEAT DISSIPATED
(WATER)

3

-
L
2
n

FLOW
PRESSURE
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