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)/
ABSTRACT

;

'\
The report describes the point design of a 3000-long  ton (29,892 kilo-
Newton) Surface Effect Ship @ES)  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  combatant SES's  and that is a logical pro-

gession  from today's technology,

(U)  The SES point design  is described in overall terms of General Descrip-
tion, Vehicle Performance, Maneuvering, Range, Payload, Weights, Volumes,

Stability, Geometric-Form, and Ride Quality. Subsystems further described
are Structures; Propulsion; Electrical; Command, Control, and Communica-

tions; Auxiliary; Outfittfng and Furnishfngs;  and Combat System. The
report also  includes sections addressing Logistic Considerations;
Survivability and Vulsaerability; and Technical Risk.

(U)  The near term point design SES is shown to be a cost-effective, minimum

risk, and high performance means of satisfying ANVCE requirements.

iii
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l/ INTRODUCTION

UJ) This report describes the point design of a near term (1980) Advanced
Naval Vehicle Concept Evaluation (ANVCE) Study 3,080 LT (29,892.l  -kN)IL
Surface Effect Ship (SES). The point design has been developed in

accordance with Modification PO0017 to Contract NOOO24-74-C-0924
for the SES Project Office (PMS-304).

:

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

OJ)", Chief of Naval Operations, 28 May 1976, Rohr Document No. CDC-C-76-076

CONFIDENTIAL.

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

(5) volumes tonsisting of 34 books and 16 appendices, dated 19 July
1976, CONFIDENTIAL, as amended by "Rest and Final Proposal for the Design
and Construction of a 3,000-Ton Surface Effect Ship, Volume I - Manage-
ment and Technical Change Summary," dated 12 October 1976 (with four

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

(U) The near term SES design is presented In the format specified in the
Office of Advanced Naval Vehicle Concept Evaluation (ANVCE) document

WP$OSA, "Point Design Description,' dated 13 August 1976. The terms _

"3K" $ "near term ANVCE point design", and "1980 point design" SES are
used synomously throughout the report to refer to the same design con-

cept.



(U) The near term point design is described in English, as well as in SI
(metric) units of measurement. The point design was developed with

-English units as the primary standard of measurement. SX conversions
shown in the text within parentheses conform to American National Stan-
dard 2210.1-1973, "Metric Practice Guide", 15 March 1973, American

Society for Testing and Materials, which has been approved by the
Department of Defense and its use stipulated by the ANVCE Project Office.

W The near term SES performance data for range and speed were developed

in accordance with the ANVCE design guidelines with the following
exceptions:

*Lightship margins were not computed 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.

l SWBS Croup-410, 440, 450, 460, 470, and 480, as well as 700
and military payload related variable loads, were not drawn
from the near term "ANVCE Combat System Data Sheets for AAW,

ASW, SSW (U)", Vol I and II, dated 30 June 1976, but
were developed in accordance with 3KSES  TLR specifications
and government-furnished information received in the course
of the performance of phase IIA 2000-ton SES program activities,

l The tail pipe (trapped fuel) allowance was adjusted to reflect

ANVCE guidelines (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 Terms"

ANVCE WP-002 dated 2 April 1976. Appendix A, Subsection
A.2.11.1 contains a more detailed discussion of these areas,

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

2
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w 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 NOO024-76-5342(S).

(U) Tn addition, no engineering effort was expended where near term point

design data existed, or where ANVCE  format or design/environmental
standards required a major effort in reformating for compatibility with

ANVCE standards. Data in those instances are furnished in the formats

used to meet 3KSES development specifications with appropriate notations

delineating the assumptions and criteria utilized.

w This report contains the following major sections (subsections are

delineated in more derail  in the table of contents):

Section No,

1/ Introduction

2/ Vehicle General Description
2 . 1 Principal 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 Maintenance Concept8
3 . 3 Overhaul Concept
3 . 4 Supply Support Concept

3 . 5 Human Engineering
3 . 6 System Safety

4/ Technical Risk Assessment

3
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(U) Appendices

A Design Process

B Drawings and Diagrams

C Equipment Lists

OJ> Finally, the LSES TLR of 28 May 1976 defined ship displacements in the
following terms:

o Full Load Displacement (FLD) would be approximately
3000 long tons (29,892.05  kN)  and would characterize
a ship complete and ready for service in every respect.

o Light Ship Displacement would be a complete and empty

ship with all operating fluids less fuel (SWRS Groups
100 through 700 plus margins).

o Hean  operating Displacement (MOD) would be character-

terized for two conditions:

o KID-50;  A complete and loaded ship ready for

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

o MOD-lo;  A minimum loading condition for maximum

speed operation in any sea state where  the ship
was complete and ready for service in every respect
for service in every respect with not less than
10% usable fuel.

o Capacity Load Displacement would be a complete and
loaded ship with all fuel tanks filled to maximum opera-

ting capacity and ready for service in every respect.

T------..I  1 I



(U)  A variety of performance and dosign  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 / VEHICLE GENRRAL DESCRIPTION

(U) 2.1 PRINCIPAL CHARACTERISTICS

(U) 2.1.1 SUMMARY -- The Near Term Point Design SES illus-
trated in Figure 2.1-l is a weaponized testship, is designed for high
speed operation in an open ocean environment, has an extended range
capability, and carries a military payload. Primary missions are SES
concept evaluation, demonstration of weapon system compatibility, and
determination of potential military value. Characteristics are summar-
ized in Table 2.1-1.

(U) The following 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 vulnerability.

(U) The point design, in the on-cushion mode, operates on the captured air
bubble principle to reduce hydrodynamic drag and achieve high speeds._c
In the off-&&ion  mode, it operates as a displacement hull. The ship_I
is capable of maneuvering in both modes including turning, accelerating,
decelerating, and backing , and.can also hover in the on-cushion mode.  .

UNCLiSSlFlED
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(U) The principal ship  dimensions ore ahown in Figure 2.1-2. The 266.25
feet (81.15 m) length overall and 108 feet (32.92 m) maximum beam sa-

tiafy the volumetric and performance requirements. Themaximumbeam
permits transiting the Panama and Suez Canals. Effective cushion di-
mensions are 221 feet (67.36 m) length and 85 feet (25.91 m) beam. A
cushion height of 18 feet (5.49 m) was selected to ease ship motions and

structural loads in Sea State 6. The full load displacement is approxi-
mately 3,000 long tons (29,892.OS  kN) including all contract margins
and mission fuel load. Table 2.1-l shows the principal characteristics
of the design.
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Table 2.1-1 (C). Principal Characteristics of the Near Term
3000 Ton Point Design SES (VI

OPEM’IION: Waaponiaad  testship  with primary missions of SES
concept validation, demnnatration  of weapon syeter

compatibility  and e v a l u a t i o n  o f  mi l i tary  ut i l i t y .

DIMENSIONS:

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

o XaexlmumBaam.Ft.(m)  . . . . . . . . . . . . . . . . . . 108.00 (32.92)
--

. Wat  Deck Height  (above basalina  - ML).  Ft.  Cm)  .  .  .  .  .  .  .  . 18.00 (5.49)
. . .

l Cushion Area, Ft.’  (m’).  . . . . . . . . . . . . . . . . . 18,785.00 (1.745.13)

e Effective Cushion Length, Ft. (ml.  . . . . . . . . . . . . 221.00 (67.36)

l Main  Deck Heisht (ABL).  Fe. (ml  . . . . . . . . . . . . . . . . 40.00 (12.19)

. Sidehull  Fence Depth (BBI.1.  FT.  (m)  . . :  ;  : I.-.‘.  . . . 3.33 (1.02).’

l Stabiliaer  Fin Depth (BBL),  Ft. (a).  . . . . . . . . . . . . . 10.39 (3.17)

e Hullborne Desiw  Waterline (ABL), Ft. cm).  . . + . . . . . 20.33 (6.20)

l Xaximum  Navigating Draft, Ft. (m)  . . . . . . . . . . . . 30.72 (9.36)

POWER PLANTS :

l Propulsion Engines. . . . . . . . . . . . Four (4)  Cenetal  Electric (GE)  LF!-2500  or four (4)
Turbo P’rine W-9A-2.1

s Tropulsors. . . . . . . . . . . . . . . . Four (L) Aerojet Liquid Racket Co. (ALRC)  b’aterlet
Pumas

l Lift Engines. . . . . . . . . . . . . . . Two  (2) C.E. LM 25CO’s

l Lift Fans . . . . . . . . . . . . . . . . Six (6) ALRC  Centrifugal, Variable Geometry

CREW  AND COMILEMENT:
a Vehicle . , . . , . , . . . . . . . . . . 6 Officer, B CPO, 49 Enlisted

l Secondary Vehielaa (Hc1tcoptars/RPV’a)  .  .  . 4 Officer, 1 CPO, 14 Enlisted

SYSTEMs  :

. Structures. . . . . . . . . . . . . , . . All aluminum (5456).  welded StNCtUN  ConOietinB
of longitudinally stiffened plate supported by
transverse veb  frames.

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

c Steering . . . . . . . . . . . . . . . . lkruat  vactoring,  diffarencial  thrust, and
thrust revataal  with the outboerd ustrrjet
pumpa  only.

l Propulsion. . . . . . . . . . . . . . . . Dual waterjet  propulsors  in each sidehull, driven
by in-line gas curbinds  through separate reduction
gear trains. Pump feed in each sidehull  is with
a single  semi-flush inlet with variable roof ramp.

e Lift.  . . . . . . . . . . . . . . . , . ‘llarcs  (3) centrifugal. veriabla  geometry  fans
in each sidahull,  driven by a single gas  turhina
through reduction gear.

Default

Default

Default
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CONFIDENTIAL

Table 2.1-l CC)  (Cont’d)
sfs1pLs:  (Cont’d.)

l Seal. * . 1  . . . . . . . . . * . . , . . Advancsd,  two-diwwioul,  plsnfng  bow  and l tatu
seals.  cncloezd batwn*a ridehtilr.

a Ship Integrated Control . . . . , , . . . Clossd  loo? -:ral.  for aWering,  propulsion, and
l i f t  ayste- xmmatic  control of ride (lift
faw  and/o! vslvc) . Performance monitoring
Of  l uriliaz :crric plant, and  d<stributioa
ryat.aa.  c . ired ahip  damage  cvnCrO1  and
il¶tagrWWi ::ien sod  calltsion  svoidancs.

e Outfit and Furnishinga.  . . . . , . . , . Hull  comparti eacian,  attass  and safety con-
fawin$  to Nv;:i  standards  with gansrous  habis-
ebflity  provisiona.

-_.
* h%flfarics:

e Heating, Ventilating and
Air Condftionlng  (HVAC). . . . . . 400 HZ  powered, axial  flow fan,  pacbgad  air

coadition:ng  WC) plum  vith dual-duct aiiri08
boxes .

l Refrigeration. . , . . . . . . . , TWO  (2)  4 0 0  Ha,  pouered  conttMuge1;  paok&xed
refrigeration  plaQte.

l Piremain  end Auxiliary Seauacor  . . Open lo p. horizontal avstem  capable of 1600 gpm
(0.10 s&a)  at  125 phi ‘(861.84 IrPa).

l Scupper  and Deck Drains . . . S .

. Main Drain . . . . . . . . . . . .

e Secondary Drain. . . . . . . . . ,

l Potable and Brash ‘neater. . , . . .

e Cooling Water and Auxiliary
Fresh Water Cooling. . . . . . . .

l Fuel  Oil,  . . . . . . . . . , . .

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

Vacuum assisted collection discharged overboard or
to holding tank.

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

Seawater actuated eductora for miscellaneous
drainage of speces  not served by main drain t:yatem.

Standard shipboard system operated to minimize
storage  with DiW  piping wsd  rxtmuiwly.

Two (2) systems (Freon and sea water  cooled) are
provided. Closed loop desip;n  meetioa  Navy standarr’s

Provides for fillin?. storage transfer and puri-
fication of JP-5 fuel for ship use.

T’re (2) JP-5 fuel service tanks. filled from ships
storage through filter coalescerr for helicopter
service.

Low pressure sir from engine bleed and hieh nressure
air from 3,000 paiS  (20.68  *a)  conprssaor  are
provided.

Chargins  system is capable of supplying i0 to
3.000 psig (0.48 to 20.68 MPa)  of oil free
nit ragen.

Consiste  of hish capacity AFW, fixed flooding
halon  and high expansion foam.

Closed 3,000 psi~ (20.68 HPa)  svstsm  capable of
deliverinR  274 gpm  (0,017  d/e).

l Aviation Fuel. . . . . . . . . . .

l Compressed Air . . . . . , . . , ,

b Nitrogen . . . . . . . . . . . .

o Fire Extinguishing. . . . . . . .

l Hydraulic . . . . . . . . . . . .

Default

Default

Default



Table 2.1-1 (C)  (Cont'd)
4 Auifiariao  (Cone’d.)

.  Repleniahmcmt  a t  S e a  @AS).  .  .  . WRTREP  area, port/starboard alongside RAS  for
f,,el,  potable oae.r  stations, and  verticel  Elm+/
conveyor are provided.

. Anchoring  . . . . . . . . . . . . Utilizer  a 3,000 Lb. (13.34 kN)  Durforth  lnchor
and associated cable winch.

. Shoring  and Towing. . . . . . . . Comprised of three  (3)  capscans.  as well  ss bits*
chocks, and towing padeycs.

a Boat  Handling and Scowage . . . . Six (6) 25-man  life rafts and an outboard motor
driven, inflatable rescue craft with handling
davit.

WEIGHTS : LX 2500 F T - 9

e Full Load Displacement (FLD)  (LT: kN) 3,000.0 ~29.892.1Oj 3.000.0 (29,892.10/

6 Emotv Wdiaht (Lightship + Nargins)
(LT: IrN)

1.661.2 (16,552.40) 1,699.3 116,9X.60)

a Fual  Weight (Capacity) (LT;  IrN) 1.838.9 (lg.323.80) 1.836.9 118.323.90~

e Usable  Fuel  a t  FZD  (LT; kN) 1,179.g (11.756.50) 1,141.6 (11.371.90)

l Unusable Fuel(l)  at FLD (LT; m) 64.6 (643.68) 64.6 (643.68 )

l Gthar  Load (LT;kN) 91.8 (914.70) 91.8 (914.70)

.  Fuel Volwa  (Capacity)  (Ft3; m3) 80,985.OO (2.293.2) 80.985.0 (2.293.00)

MOgILITY/PERFOR!!CE  SUKMARY: LX  2500 Fr-9

. Cwh1ou Pr*r*ura  (paf.  kPa) 342.0 (16.38) 342.0 (16.38)

l Maxbum  Spaad  ia  Cafm  Water  (kes;  km/hr)
at MCP  and nOD-50 66.0 (lZZ.Ol 92.0 (:;o.o)

l Maxcfmm  Spemd  at 3.94 Ft. (1.20 a) Siuniff-
cant Wave  RoZght  and MGD-50  hnotri  ka/hr) 64.0 (119.0) 85.0 (157  .O!

s Hump  Margin  at 3.94 Ft. (1.20 m) Siijnffi-
cant WaYa  Height, HOD-50  and  wp  (2) 28f (28%) 72% /7X)

4 Baac  Range  Speed,  Calm Uster  (Kts; k~!/Hr) 66.0 (122.01 90.0 (148 .O)

l East  tktge  Speed  at 3.94 (I.20  m)  Signifl-
cane  Wave  Height (Ktr; kas/ilrr) 64.0 (119.0) 76.0 (141.0)

. Time  CO AccaletaCe  to Cruise Speed
in  Calm Water (See) 330,o (330.0) 120.0 (120.0)

0 Tha  to Accelerate to MS%  Speed in
Calm Water (Sac) (1) 330.0 (330.0) 260.0 (260.0)

e Time Co Decelerate from Max Speed to
0 in Calm Water (Sac) 32.0 (32.0) 31.0 (31.0)

e Stepping  Distance  (Ft;  km) 1.400.0 (0.43) 1.920.0 (0.59)

l Turn Radius at 40 Knot*  (20.58 a/s) sped
wt:  km) 4.009.0 (1.22) 3.200.0 (0.98)

l Range  ba:  km) 2.950.0 (5,472.0) 3.000.0 (5,565.O)

l Endurance (Hours) 42.0 (42 .0) 39.0 (39.0)

(1) Per ANVCE Specificaeion  (2% deep  tank, 52  flat tank.)

(2)  MIP  applied iu last minute of accelaraeion  to avoid an  asymptotic approach to wxinum apced.

Default

Default

Default

Default



COMBAT SYSTEM: Qty

. Armament 1

1

1

.  Underwater,  Surfaca  a n d  A i r

StirVei11anC8 and EW

1

8

a
a
a
2

2

2

6

2

1

1

l
A

1

1

80

S O

.  Identif ication and Classification (IFF) 2
.
L

. Command and Control 1

1

s Secondary Sub-Vehicles

. Sub-Vehicles

.  Sub-Vehicle Armamenr

2

10

34

Syerem

MK92/?  Fcs

STIR (Space and Weight)

Harpoon PCS

Torpedo Fire Control Panel MK309

UWfCS (~~48 Torpedo) (Space and Weight>

V e r t i c a l  M i s s i l e  L a u n c h e r s

Stendard  Missile  (AIN-66B  !+od,  ?Jo  ReLoadsI
Harpoon Launchers

Harpoon Missile (RC?+gL-1,  No Reloads)

Torpedo Tube MK25/1  Bpace  and Weight)

f-K48  Torpedo (Space and Weight)

Torpedo Tube !4K32/5

MK46/1  Torpedo (No  Reloads)

Close-In Weapons System Mlb/O  (Space Z  Weight)

Air Search Radar MfAPS-125

Surface Search Radar AN/SF%55

DPJZWS  AN/SLQ-31(V-2)  o r  AN,’  SLC-32(V-2)

TACTASS AN/SQR-19

Localization Sonar AN/AC&i-1JD

CHF Telem Receivinfi  Set AF/SKR-3A

Sonar Receivfn&  Set  M/UQR-I (Mod)

DIFAR Sonobuay AN/!%!-53

DICASS Sonobuoy  h’G/SSQ-  6 2

Interrogation Set a/IJPX-25(U)

Transponder Set ANICPX-28(U)

computer ANIUYK-7  (VI (3)

Display Croup AN/IE’A-4  (8) (4)

Linlr  T T

Helicopters SH-3H or 1 XV-8B VSTOL

Nlnl-RPV  (Space)

Torpedoes ?fX46/1

(3) Growth for an additional ANIIMC-7(V)  Computer.

(4) Includca  thrae (3) OJ-194(V)3  PPI t%nsal8s  with growth for two (2)  addItiona  consoles.

Default


Default
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II
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PLhTFDRH  88'-6"  (26.97 m) ML

- ---PLATFOfM 79.-b"  CZ4.23.d ABL

03 LEVEL be'-6"  I20.88  n ) ML -
P - 7

02 LKVBL 60.-O" (l&29 11 ABL 1 I 1
4
1

MAIN  DRCK  40--v (12.19 I) ABL  _

2nD  DscK  31'4"  (9.45 l ) ASL
w

31~  m 18'4" (6.71 I) UL
U!T  OEtX  18l-O"  (5.49 q ) ML -

ASP P~'zpuBII 10'~0"  (3.05  q JABL _

MSRLIWR -___-
PKMX S'-4"  (1.02 II)  BBL

STABILIZER lo'-4  5/f?'  (3.1 I) BBL -

Figure 2.1-2 (U): Near Term Point Design SES Configuration (U)



(U)  2 . 1 . 2 GENERAL ARRANGEMENT DRAWINGS -- The general arrangement
drawings of the ship are contained in Appendix B. Topside combat sys-
tem locations are shown  on the drawings. The drawings are:

.Outboard  Proflla

9 Inboard Proflie

-01  Level and Above

*Main  Deck

l Second Deck

l Third Deck

l Wet Deck

l Transverse Section

l Sldehull Inboard Profile

* Bow and Stern Views

l Tank Arrangements and Tank Capacities

(U)  The drawings are grouped in Appenxlx B, Section B.l, for consistency
of report format and the benefit of the reader. These drawings are
completely upto  date and definitive in those cases where minor dlscre-

pancles  may be found in supporting drawings used elsewhere in this re-
port.
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(U)  2.1.3 COMBAT SYSTEM DRAWINGS -- 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:

l Air Surveillance Radar (AN/APS-125)

l Surface Search Radar (AN/SPS-55)

.Collision  Avoidance Radar

oMK92  Fire Control System (CAS)

*STIR @X54/0)

l MR16/0  Close-In-Weapon-System

.AN/SLQ-31  (V2)  EW System - 1R Sensor

(U)  The drawings are grouped in Appendix B for consistency of report format
and the benefit of the reader.
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(U)  2.1.4 SHIP INTERFACES -- The near term SES is designed to func-
tionally interface with other U. S. Navy ships, craft, shore commands
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)  with the

capability for rapid strike down.

:Underway  alongside fuel and water replenishment (CCNTRRP)

l In-flight refuleing of helicopters (HIFR)

l Capability of being towed

l 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)

l Moaring  system to provide means for mooring alongside

a pier or ship.

l Provide fuel and oil to helicopter and VTOL aircraft

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

UNCLitSSIFIED
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(U) 2.2 VEHICLE PERFORMANCE

(U)  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. Comparable 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 components is presented in Figure 2.2.1-4.
These data are based on analytic predictions which have been validated

and enhanced by correlation with model test data. While no allowance
was made for marine fouling, a 1.0 mil surface finish was assumed for all

hydrodynamically wetted surfaces.

(U)  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 assumption that the propulsion power could be set at that level
necessary to maintain a constant speed.

(U)  The transport efficiency of the near term SES as a function of speed
and significant wave height is shown in Figure 2.2.1-s. In accordance

with the definitions presented in ANVCE  WP-002, dated April 2, 1976,
transport efficiency was define&  by:

Full Load Displacement (3000 LT; 29,892.l  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 maximum 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.
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Figure 2.2.1-2 (U): Rohr SES Ride Criteria (U)
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Figure 2.2.1-3 (C): 3KSES'Drag/Weight  Ratio Versus Speed
and Significant Wave Height
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Head Seas with Winds

2 0 4 0 6 0 8 0~_

I I I
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I I

0 1 0 2o 3o(m/s)
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Figure 2.2.1-6 (U): Near Term SES Transport Efficiency Versus Speed (U)
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(U)  2 . 2 . 2 MANEUVERING -- The steady state on-cushion turn perform-
ance of the near term SES configured with P&W FT-9 propulsion engines,

in calm water and at an 83 percent fuel condition (2800 LT; 27,899.2  kN),

is shown in Figures 2.2.2-l and 2.2.2-2. After deceleration to a speed

of 45 knots (23.15 m/s) for turns initiated at higher speeds, all four

(4) waterjet  pump nozzles are deflected an amount sufficient for the
desired turn. The data shod the steady state turn performance
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 computed on the
basis that both the lift and propulsion engines are set at MCP and that the
bow seal is partly retracted through hump transition. At low speeds,
however, the power levels were limited to those imposed by cavitation
limits of the waterjet  inlets or pumps. The use of MIP during the last
minute of the acceleration maneuver avoids an asymptotic approach to the

maximum 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 LM-2500 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 accomplished by:

l Engaging the thrust reversers,

l Applying maximum continuous power to the outboard propulsion

engines,

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

@Retracting the stern seal by setting the stern seal fan
variable geometry valves to "shut off."

26
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(Uu)  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.

27
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DISPLACEMENT 1 2800 LT; (27,899.Z  kN)
SIGNIFICANT WAVE  HEIGHT = 0
NO WIND
COMBINED THRUST VECTORING

AND DIFFERENTIAL THRUST
ON CUSHION__ ___ . _ -. - _ . -. .-.--  . . .._  -.-

I I
id 36--. -. .,-

SPEED
_..~ - --.-.__-..-..--  _-______ --.-
Figure 2.2.2-2 (C): Near Term Steady State Turn Rate Versus Speed (U)
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Figure 2.2.2-3 (C): Near Term SES Time to Accelerate Versus Speed (U)
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(U)  2 . 2 . 3 RANGE AND PAYLOAD - The near term ANVCE SES exceeds the
requdsed  range by about 10 percent with FT-9 engines and nearly attains
the goal with IN2500  engines. Range is computed by integrating speed
and fuel rate over the interval from full Load  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-l 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 data 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.

3 6
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(u>  2.2.4 WEIGHT AND VOLUME SUMMARY -- 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-l. The ANVCE near term

SES ship weights are identical to those of the Rohr 33%.  The summary

represents the results of parametric studies, design iterations, and

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

W Table 2.2.4-2 is a summary of weights for a similar 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.l  kN).
The ship volume summary is presented in Table 2.2.4-3.

(U)  The design light ship, the total of STJBE  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.

Operating 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  mission; ordnance; both ship and aircraft
fuel; and fresh  water for the ship when operating at FLD.

4 1
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I TABLE 2.2.4-1 (II): WEIGHT SUMMARY WITH Tat12500  ENGINES (U)

WEIGMT
SWHS
CRflllP LONG TONS 1 SHORT TONS1 MRTRIC  TON&) 1 KILONEWTONS

l.OII  : I1lJI.L  STRUCTUKE

200 : PROPIILSION  PLANT

300 : EIECTRICAL  PLANT

400: COMNAND  6 SURVEJLLANCE:

500: AUXILIARY SYSTEM

567: Lift System

600 OUTFIT AND FURNISHINGS

700 ARMAMENT

DESIGN AND BUILDERS MARGIN

mm WEIGHT (LIGHT  5x1~)

FOO: LOADS:

Crews
Provisions
Stores
Fresh Water
Ordnance -- Main Vehicle

-- Sub-Vehicle
Sub-Vehicle
Fuel

FULL LOAD WEIGHT

805.0

190.5

61.8

67.0

196.6

96.8

156.9

51.4

132.0

901.6

213.3

69.3

75.0

,220.2

108.4

175.7

57.6

1661.2

14.7
5.8
5.8

18.6
17.2
6.6

23.1
1246.9

16.5
6.5
6.5

20.8
19.3
7.4

25.8
1396.6

817.9 8021.0

193.5 1897.3

62.9 616.2

68.0 667.3

199.7 .L958.8

98.3 964.3

159.4

52.3

134.2

1563.0

512.6

1315.6

1687.9

15.0
5.9
5.9

18.9
17.5
6.7

23.4
1267.0

3.6552.4

146.7
57.8
57.8

185.2
171.9
66.0
229.7

12424-h

'I J
i:on-:;'I  Illl~  ts

c
zn

A



TABLE 2.2.4-2.(U): !lEIGHT  SUMMARY  WITH FT-9 ENGINES (U)

SWBS
CROJJP

11)O: HULL STRUCTURE

200 : PROPULSION

300 : ELECTRICAL

400 : COUUAHD & SURVEILLANCE

500: AUXILIARIES

567: Lift System

600 OUTFIT AND FURNISHINGS

7 0 0  AMIENT

DESIGN AND BUILDERS MARGIN

EMPTY  WEIGHT  (LIGHT  SHIP)

FOO: LOADS:

Crews
Provisions
Stores
Fresh Water
Ordnance -- Main Vehicle

-- Sub-Vehicle
Sub-Vehicle
Fuel

FULL  LOAD WEIGHT

WEIGRT

LONG TONS SHORT TONS KILONEWTONS

8 0 5 . 0 9 0 1 . 6 817.9 8021.0

2 2 6 . 0 2 5 3 . 1 2 2 9 . 6 2 2 5 1 . 7

6 1 . 8 6 9 . 2 6 2 . 8 6 1 5 . 6

6 7 . 0 7 5 . 0 6 8 . 1 6 6 7 . 2

196.6 2 2 0 . 2 199.8 1959.0

96.8 108.4 98.4 964.4

156.9 175.7 159.4 1563.1

5 1 . 5 5 7 . 7 5 2 . 3 5 1 3 . 3

1 3 4 . 5 1 5 0 . 6 1 3 6 . 7 1339.8

1699.3 1903.2 1 7 2 6 . 6 16931.6

1 4 . 7 1 6 . 5 14.9 1 4 6 . 7
5 . 8 6 . 5 5 . 9 5 7 . 8
5 . 8 6 . 5 5 . 9 5 7 . 8

1 8 . 6 2 0 . 8 1 8 . 9 1 8 5 . 2
1 7 . 2 19.3 1 7 . 5 171.9

6 . 6 7 . 4 6 . 7 66.0
2 3 . 1 2 5 . 9 2 3 . 5 - 2 2 9 . 7

1208.6 1353.6 1228.0 L2042.2

3 0 0 0 . 0 3 3 6 0 . 0 3 0 4 8 . 1 29892.1

.-.
‘i (1) Non-ST Units
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TABLE 2.2.4-3 (U): VOLUME SUMMARY (U)

Lift System

Personnel (including living, messing
and all personnel support and
storage)

Auxiliary and Electrical (machinery
spaces other than main propulsion
and lift outside main machinery box)

Payload (internal volume only)

Other (including passageways, maintenance
spaces and all other spa&s  not include
in above)

TOTAL ENCLOSED VOLUME

(1) Total enclosed volume does not include tanks and other innerbottom
spaces below third deck, or helo  landing and any weather decks.

44
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(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 displacement.

W) 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 (1) . Two operating conditions

that represent full,-load and minImum  conditions were evaluated

with:

a. A beam wind of 100 knots (185.2 km/hr),  combined with
rolling.

b . Topside icing

C. Crowding of personnel to one side

d. High speed turning for roll stability (per Navy criteriaW)

(U)  The intact stability at the MOD-10 condition with a beam wind of 100

knots (195.32 km/hr)  combined with rolling produced the critical condi-
tion but with adequate stability as shown in Figures 2.2.5-1 and 2.2.5-2.

W)  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

Cl> “Stability and Reserve Buoyancy of U.S. Naval Surface Ships",
DDS079-1,  dated 1 August 1975, Department of the Navy, Naval
Ship Engineering Center,

4 5
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(U)  -full  load and MOD-10 conditions per the Navy criteria and summarized
for the following critical conditions:

a , Shell-to-shell flooding in compartments II and III, 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

1s  satisfied.

b, Unsymmetrical flooding with penetration up to the
centerline and with a longitudinal extent equivalent to
15 percent LOA  was investigated throughout the length

of the hull. The worst case was found to be with the
damage in compartment IV and V. The maximum 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 maximum
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 compartments III and IV

and V and VI flooded. However, the requirements of the criteria
were satisfied. Figures 2.2.5-8 and 2.2.5-9 depict this

condition.

(U)  In summary, the ANVCE near term SES meets and exceeds the stability
requirements 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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(0 2.2.5.2 Static Stability Underway

OJ) 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 with pitch and roll restoring gradients

of approximately 99 x lo6 ft-lb/degree (134.23 x lo6 N=m  degree) and
22 x lo6 ft-lb/degree (29.83 x lo6 Nlm/degree),  respectively. In the off-
cushion mode, the SES is statically unstable in yaw but dynamically
stable, thus providing satisfactory course keeping characteristics aa

influenced by the ride control system in a seaway.

00 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 m/s) only. The

stability characteristics shown are for a nominal displacement of 2800 LT
(27,899.2  RN) which approximates the Full Load Displacement condition.

0-J) The positive on-cushion pitch stability of the SES at 40, 60 and 80 knots

(20.58, 30.87 and 31.16 m/s) is shown in Figure 2.2.5-12. Predictions
are plotted with zero moment occurring at the nominal pitch trim attitude
for each speed (the ship is trimmed at the pitch attitude for minimum drag
consistent with non-broaching operation). Speed variation at a constant

weight primarily alters the minimum-drag pitch attitude. These predic-
tions were derived by Froude scaling hydrodynamic model test data without

other correction. Positive static stability is indicated by the degree
of negative gradient of the moments with their corresponding attitudes.

OJ) The average pitch restoring moment is approximately 18 x lo6 ft-lb/

degree (24.40 x LO6 Ncm/degree)  for all speeds shown. The minimum gradient of
about 8 x lo6 ft-lb/degree (10.85 N-m/degree)  occurs on the curve
for 40 knots (20.58 m/s).
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(U) 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 M/S) for three

(3) pitch attitudes (1, 0 and +l 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;:  . trim). However, extrapolation of the dynamic stability
indicates that tae  uear  term SES will be dynamically 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 maintain. Strong
pitch restoring moments ensure a rapid return to nominal attitudes even

under failure mode conditions.

(U) The positive on-cushion roll stability of the near term SES at 40, 60
and 80 knots (20.58, 30.87 and 41.16 m/s) Is  shown in Figures 2.2.5-15

through 2.2.5-19, respectively. Predicttons  are plotted for pitch attitudes

of zero and plus and minus 1 degree and for yaw angles of zero, -2 and -4
degrees. The roll restoring moment gradients vary slightly with speed

and ship attitude. The maximum gradient shown is approximately 4.3 x lo6
ft-lb/degree (5.83 x lo6 N*m/degree)  (at 80 knots) (41,16m/s);  the
minimum is about 2.6 x lo6 ft-lb/degree (3.53 x lo6 Nam/degree)  which
occurs at 40 knots (30.87 m/s) at a -4 degree yaw angle. The principal
roll restoring moments are due to the sidehull  design.

(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 maintain their geometric

integrity at all times, even in high sea states. The design precludes
slope reversal in the pitch stability curve ("pitch clicks"), as exhibited
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on the 1OOB  testcraft. The design also precludes catastrophic plow-in

characteristics exhibited by other type seal designs at bow down

attitudes.

(U) The riced  ply ing seal design increases the effective cushion length
as i direct function of bow immersion; as the bow goes down, the effec-

tive cushion length boundary moves forward, providing additional pitch
and roll restoring moments.

(U>  The design stiffness of the seals is a careful balance between stability
requirements and ride quality. The Rohr design provides a degree of Stiffness
which maintains adequate roll and pitch stability while providing good
ride qualities.

(U)  The sidehull  forward sections contribute additional pitch and roll

restoring moments 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. Tn  addition, the stem angle minimizes
destabilizing moments 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 dynamic

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. Nominal pitch trim angles are included in the table for ref-

erence, At 40 knots (20.58 m/s), the yaw (directional) mode is overdamped
for the nominal 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) 3RsES  Dynamic Stability Characteristics (U)

AXIS
SPEED

KNOTS m/s

NOMINAL
TRIM FREQUENCY DAMPING

DEGREES HZ RATIO

ROLL 4 0 20.58 2 . 2 0.17 0.15
6 0 30.87 1 . 4 0.18 0.14
8 0 41.16 0 . 9 0.19 0.13

PITCH 4 0 20.58 2 . 2 0.19 0.22
6 0 30.87 1 . 4 0.20 0.20
8 0 41.1c 0.9 0.21 0.16

YAW 4 0 20.58 2 . 2 * Jr
6 0 30.87 1 . 4 0.15 0.80
8 0 41.16 0 . 9 0.07 0.45

HEAVE 4 0 20.58 2 . 2 0.65 .0.28
6 0 30.87 1 . 4 0.66 0.29
8 0 41.16 0.9 0.68 0.31

,

*Overdamped,  T = 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 dynamic 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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(U) These data are based on hydrodynamic model test data collected in the

DTNSRDC maneuvering basin.

(U) Figure 2.2.5-22 presents the limit allowable drift angle as a function

of speed. The angles are limited by propulsive control yaw moments

available below hump and by operating boundaries (dictated by roll-yaw

stability) above hump. The limit angles shown were derived from XR-l.D
testcraft model data and inlet broaching studies. (1)

(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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l‘igure  2.2.5-18  (U): &SE23 PitchDeviation  Versus Speed Head Seas (U)
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e Starboard Beam
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ilAVE  HEIGHT,
‘eFt.b)v
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Figure 2.2,5-19  (U): 3KSES Roll Deviation Versus Speed (U) --. -

7 2
- - - -

UNCLASSIFIED



I Seas Broad'on the Starbard  Beam I
Significant

Wave  Height,
’ f t . ( m )

15 (4.57)

10 (3.05)

3 . 3  Cl,O)

0 20 40 60 80 loo (KNOTS)

1 I I I I 1

-0 10’. -20 30 40 50 (m/d

----
Figure  2.2.5-20 (U) :
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3KSES Roll Deviation Versus Speed (U)
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Figure 2,2.5-21(U): 3KSES Roll Deviation Versus Speed (U)



Full Load Displacement (3000 LT; 29,892.l  kN)
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Figure 2.2.5-22 (U): Drift Angle Limit Versus Speed (U)
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(U)  2.2.6 GEOMETRIC FORM -- The geometric form of near term SES is

described by the hull lines and the control surface drawings of this

section.

(U)  2.2.6.1 Hull Geometry -- The selection of the hull form is based

on judicious compromises between overall hullborne and cushionborne

performance; structural strength; manufacturing economy; volumetric

requirements; combat suite; safety, survivability and efficiency of ship
operations. The net result is shown in the lines drawing, Figure 2.2.6-l.

(U) The sidehull  geometry is based on the effects of deadrise  and ventilation

cutouts on the overall hydrostatic and hydrodynamic performance parameters,
bow seal interface, waterjet  inlet configuration and structural atrength

requirements. Hydrodynamic 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 compared with exposed bag and finger
seal systems on partial-length sidehulla.  The full-length sidehull
vertical inner face also permits a simple bow seal/sidehull interface
and allows the use of a two dimensional, modularized bow seal system.

(U>  2.2.6.2 Principal Dimensions -- The principal dimensions, as
related to the proportions and form characteristics of the sidehulls

UNCdklFlED
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and the centerbody, are based on the following considerations:

4

l Provision for the required cushion area in conjunction

with space requirements for main propulsion machineries

and waterjet  inlets. The Panama Canal transit requirement

established the maximum beam of 108 feet (32.918 m). The

trace of the maximum beam follows 4 feet (1.219 m) above the
upper chine and is canted inboard to the main deck and 01 .

level. The nominal tumblehome at Station 10 is 3 feet 7

inches (1.092 m).

0 The overall length of 266 feet 3 inches (81.153 m)  was
established from the maximization of performance parameters

as related to cushion length to beam ratio, bow and stern

seal geometry design, overall utility, and volumetric
requirements.

l The wet deck height was selected at 18 feet (5.486 m) above
baseline to minimize wetdeck  slamming and cushion induced
dynamic response, The wet deck is horizontal except forward
of Station 4 where it ramps upward to minimize pitch induced
slam loads and to provide a flat interface with the forward

ieal in its retracted position,

l The selection of main deck height at 40 feet 0 inches (12,192 m)
above baseline was  based on requirements of hull  girder strength,

reserve buoyancy in damage situations, and overall volumetric
and space demands. The high main deck also provides a drier

environment for engine air intakes and for helicopter operation,
relative to lower main deck configurations that were evaluated.

(U)  2.2.6.3 Control Surfaces -- The baseline design of the near term
ANVCE  SES incorporates two stern-mounted stabilizing fins, port and
starboard, canted 28 degrees inboard from the bottom of the fence, as shown in

Figures 2.2.6-l and 2.2.6-2. Fin section geometry is shown in Figure
2.2.6-3.

,77
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1.

2.

PRINCIPAL HYDROSTATIC PARAMETERS (OFF CUSHION)

BLOCK COEFFICIENT (C,), FULL LOAD = 0.1662
PRISMATIC COEFFICIENT (PC), FULL LOAD = 0.8341
NETTED SURFACE, FULL LOAD = 18,440 FT* (1713 m*>
TRANSVERSE KM, FULL LOAD = 273.81 FT (83.45 m)
VERTICAL CENTER OF BUOYANCY (KB) - 10.62 FT (3.24 m)
TONS PER INCH IMMERSION (TPI) = 43.91 TONS/INCH (17.23 kNh)
LONGITUDINAL CENTER OF FLOTATION (LCF) = 137.11 FT (41.79 m)

(FROM FP)

PRINCIPAL HYDRODYNAMIC PARAMETERS (ON CUSHION)
CUSHION LENGTH - 221 FT (67.36 m)
CUSHION BEAM - 85 FT (25.91 m)
CUSHION HEIGHT = 18 FT (5.48 m)
LONGITUDINAL CENTER OF GRAVITY = 118 FT (35.89 m)

(FVD OF TRANSOM)
CUSHION LENGTH/BEAM = 2.60
CUSHION BEAM/HEIGHT = 4.72

(%W - 1.025 METRIC,TON/CU  m)

Figure 2.2.6-l (U): ANVCE-.iES  Hull Lines Drawing LL802009  (Sheet 2 of 2)
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MLD  BASELINE-.e

BOTTOM OF-_-.-  -
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+
A

L
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.
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(3.048m) I
-. -
c lO'-O"----;r  BOTTOM OF

/ pILET
/ I 4

c S~-O~l4
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PART ELEVATION
SHOWING FIN

SECTION AA
10% FULL PARABOLIC

FIN CONTOUR
0 = (t/2)  (X/C) l/2)
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SECTION AT ST 20
LOOKING FWD

1
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Figure 2.2.6-2 (U): Baseline Stabilizer Fin Geometry (U)

8 0



U
N

C
L
A

S
s
lF

lE
B

.--.- -_.- - --
,- 

~’ 
I. 

.,--’ 
-/

.
.

.
.

.-.

uP0s



(U)  2.2.7

; a”.,,..  c.ll*‘ . . . .

UNC-LASSljFlfD

RIDE 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 modes
not previously sustained by man over lnng  periods of time. While

considerable data exist on vibratory effects upon man, the heave

acceleration environment 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 performance capability is most
affected; primarily because the human body resonates at about 5 Hz.,

and because sailors may become seasick when ship motions traverse
0.1 to 0.5 Hz at energy levels above 0.06 g's (rms).

(11)  The primary purpose of developing a ride criteria is to establish the

motion limits that can be tolerated by operations, maintenance and
off-duty crew for specific mission durations. The importance of these

criteria is to ensure a reasonable level of operating efficiency if

craft motions are maintained at or below the l%mits.

(TJ)  The curves illustrated in Figure 2.2.7-1 were established from a compre-

hensive literature search by overlaying graphical data representing
human performance decrement studies. The search encompassed hundreds
of previous motion studies, experiments and simulations 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 regime.

0 2
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(U)  Although the data points cover vastly different conditions and show

varying degrees of performance or motion 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.

(U)  The present ride criteria represent 30 minute and 4 hour duration
tolerance limits 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 might mean slower performance, increased errors or

complete non-performance of assigned duties.

(U) The identification of the kind and level of performance decrement
expected must 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.

(U)  2.2.7.2 Near Term SIX Ride Quality -- Figures 2.2.7-2  through
2.2.7-5 present the frequency spectra of the heave acceleration levels

at an amidship  station with 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.

(U)  The influence of the ride control. system on the RMS heave acceleration
levels at a speed of 60 knots (30.87 m/s) and 6.9 feet (2.1 m) 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 levels

near the bow, amidship, and at the stern are plotted versus seaway
heading for a number of speeds and significant wave heights. These

data are based on hydrodynamic model test data collected tn the David
Taylor Naval Ship Research and Development Center (DTNSRDC) maneuv<:.,eing
basin.

8 3
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L8llCOO402

OPERATING CONDITIONS:
2800 LT (27,899,25  kN) DISPLACEMENT
70 KNOT (36.01 m/s) SHIP SPERD
SEA STATE 5

RIDE CRITERIA:

* :
lj * RIDE CONTROL
/r SYSTEM ON

.ool  l 1 I I III!! t 1 I ,,,I I I I 1-01

.02 .05 0.1 0.2 0.5
Ll Il,lJ

29 5.0 10
I mmrNmx ExEquENcY  (lJ.2)

Figure 2.2.7-l (U)  The SES Controls Ship Vertical Motions (U) :
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.Ol 0.1  0.2 0.5 1.0
FREQUENCY WtI

2.0 5.0

STANOARD  CENTER FREQUENCY OF 7/3  OCTAVE BAN0  {Hz)

- 30 KNOTS (15.43 m/s1
0 SS5  l :- - 40 KNOTS (20.5S m/s)

Figure 2.2.7-2 (U): 3KSES Half Fuel Condition (MOD-SO) 2400 LT (23,913.6  kN),

Uncontrolled Ride (U)
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,002
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.Ol 0.1 02 0.5 1.0
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1~llllllllll~1l~~llllllllllllf
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.Olz¶  s.02  .031s  .os  .oo  .rn t 31s i .a la5 2.Q  x15 s.0 ul
STANDARD CENTER ‘FREQUENCY OF t/3  OCTAVE BAND (Hz)

I I l =.--=..m.=- Assc,  40 KNOTS 120.58  m/s)

- -:--6593 7 2 KNOTS (37.04 mhl I

Figure 2.2.7-3 (U): 3KSES  Full Load Displacement, 3000 LT (29,892.l  kN)

Uncontrolled Ride (U)
. -
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Figure 2.2.7-4 (u): 3KSES Half Fuel Condition (MOD-50) 2400 LT (23,913.6  ICN),

Controlled Ride (u)' ._ ,__ ,. . -- . -- ..-.-- . . .
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Figure 2.2.7-5 (U): X933  Half  Fuel Condition (MOD-50) 2400 LT (23,gi3.5  k~),

Controlled Ride (U)
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I-- UNCONTRO
CONTROLLED RIDE

SIGN1  FICANT  WAVE
HEIGHT - 6.9 FT.

HEADING TO SEA (DEGREES)

Figure 2.2.7-6 (U) 3KSES  Variation in Vertical CG kccelera,tion  with Heading

at Full Load Displacement (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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0.

SYM SIGNIFICANT WAVE HEIGHT, FT (m)
0 15.0 (4.57)

!i!
10.0 (3.05)
3.3 (1.0)

L-l I I I I

I-

9

G 0.4
" I I I I I I

“1

1 8 0 1 5 0 120 9 0 6 0
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FOLLOWING SEA

Figure 2.2.7-8 (U): 3KSES Variation of Bow, CG, and Stern Vertical Plane

Accelerations with Heading at 50 Knots (25.72 m/s) (U)
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Figure 2.2.7-9 (U): _- SKSES  Variation of Bow, CG and Stern Vertical Plane

Accelerations with Heading at 40 Knots (20.58 m/s) (U)
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SYM SIGNIFICANT WAVE HEIGHT, FT (m)

.
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Figure 2.2.7-10 (U): 3KSES Variation of Bow, CG, and Stern Vertical Plane 1
Accelerations with Heading at 35 Knots (18.01 m/s) (U)
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Figure 2.2.7-11 (U): 3KSES  Variation of Bow, CC, and Stern Vertical Plane

Accelerations with Heading at 32 Knots (16.46 m/s) (U)
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Fi.gure  2.2.7-12 (U): 3KSES  Variation of Bow, CG, and Stern Accelerations with
Heading at 29 Knots (14.92 m/s) (U)
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Figure 2.2.7-U  (II): 3KSES Variation of Bow, CG and Stern Accelerations with

Heading at 26 Knots (13.38 m/s) (U)



(U)  2.2.8 MANNING

(U)  The .anning presented herein delineates the minimum quantitative and

qualitative personnel essential to the operation, maintenance and
support of the near term SES under stated missions and configurations.
These requirements are termed Organizational Manning and were developed

in general accordance with the "Guide to the Preparation of Ship Manning"
document, OPNAV lOP-23.

(U)  The developed manpower requirements are sufficient for performing all
operational, maintenance, administration and support tasks required for

the near term SES under the following Readiness Conditions: Special
Condition I (Battle Readiness) for Anti-submarine operations, Anti-air

operations, and Surface operations, Condition IV (Peacetime Cruising
Readiness) and Condition V (In-Port Readiness). Table 2.2.8-l displays

the manning requirements in the prescribed format.
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Table 2.2.8-l (U): Manning (U)

OPYIClRS Cl0 OYNLE LNl.*RYco-

Caasnding Offlrcr mc 1 Dbl

Cxmxltive  otr1cer Qu 1 DS2

operltions Officer WCS 3 In2

PhC  Llmlrrnulr mc I En1
Conbat  Symtemr  Offtecr ICC 1 eNP

C1~crrdem  Natcrid  nfrle~r iTi% 1 CNYN

ellginarr Offlccr SAC 1 CYl

Daub*  Control  *s.trranr SKC 1 ml2

1 em3
1 m2

1 ml

1 n?l3

1wa

Icw3

3 OS1

I GS3

1 ClrN

I RTI

1Nl-m

1 IC2

1 ICPN

1 ltsl
1 It82

2 tt93

Iosl
1 nsa
1 ossti
I on
1 023

1 St2
3 QrcSN

1 ma
1 IN3

1su
1 Ynl
1 n t 3
6 SN

1 PN
01) W I 50

bCcnNDAtlY  “E”Icl,C

Hllleoptsr  Pilot
HdIeopc~r  Pilot
H*lleopter  Co-PllllL
lh:icoptir  co-Piloe

04

AOJC 1 Mu1
IANN
lA?m3
1 ANSI
1 AT1
1 AT3
1 ru
1 Ax2
2 AU2

2 AU3

1402

1 A!!
01 14

ZWIAL CottPLwutr

12 09 b4

wAmluIAL as g-,
., , -’
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2.3 SHIP SUBSYSTEM DESCRIPTIONS

2.3.1 STRUCTURE

(U)  2.3.1.1 Summary -- The twin, full cushion length sidehulls

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

dynamically clean, and to contribute to good stability, maneuverability
and performance characteristics. The ship houses the required weapon
suite within its three (3) major decks and provides an operational

helicopter capability. The survivability and reliability of the
structural system is designed for 20 year life across the expected

profile.

(U)  The hull structure includes the shell plating, framing, structural bulk-

heads, decks, superstructure, structural closures, mast and foundations.

The functional requirements 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 condieioned  for crew comfort and

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

(U)The  hull structural configuration is a compromise between overall hullborne

and cushionborne performance, manufacturing economy, functional space require-

ments, combat suite, habitability, survivability and safety within the overall

constraint of meeting mission requirements. It is designed to meet a

specified 20 year life requirement while retaining a realistic balance between

minimum weight, structural reliability and cost construction.

(U) The near term SES hull is subjected to a wide variety of loading conditions,

including impact loads, while operating at high speed. These loads would

normally requirer: a conservative, heavy structure; hcwever,  near term SES

performance requirements dictate a more sophistitiated  and lightweight struc-

ture. For convenience, structural loads are subdivided into Primary and

Local load categories. Combinations of these categories provide the

basis for the development of structural design.
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(U) Primary 1oa s are defined as those loads affecting the entire hull struc-d

tural girder. These include overall hull bending, torsion and shear re-

sulting from ship weight, and hull buoyancy distributions when the ship

is off-cushion or from a wave impact when the ship is traveling at high

speed on cushion.

(U)  Local loads are those applied over limited portions of the hull structure,.
such as loads resulting from hydrostatic or hydrodynamic pressure, desk.
burden, foundation and topside icing,

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

distributions when off cushion, and wave impact loads when transiting at
high speed on cushion were investigated. The NASTRAN and multi-cell
girder load distribution programs established internal loads 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 equipment.

(U) Scantling design requires a delicate balance between structural weight and

ease of fabrication, without sacrificing structural integrity. The scantlings

were designed through the use of a computerized optimfzation  program to vary

frame, stiffener, and plate sizing with frame and stiffener spacing and

provide comparisons of the resultant structural weight and the associated

fabrication costs. A frame spacing of three feet with ten inch stiffener

spacing was selected . In lightly loaded areas of the ship, such as super-

stnxture, the frame and stiffener spacings were increased to provide Light

weight and faster ease of fabrication.

(U) Hull structure optimization has pr0vided.a basis for optimum structural design

of scantlings, wetdeck  height, wetdeck  ramp angle, full length side" ..lls,

and keel length fences. The structure optimization has been instrumental in

design decisions relating to the square bow near term SES.
-.

100. i!
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(U) The main hull girder is composed of a centerbody and two rigid sidehulls.

The main, second, third  and wetdecks, as well as seven (7) longitudinal

bulkheads, comprise generally continuous longitudinal members which

contribute to the section modulus over the entire length. All stiffeners

on these members, as well as shell plating stiffeners, run longitudinally.

(u),Eulkhead and deck penetrations are minimal, enhancing structural continuity,

This  result is a compromise between the location of structural bulkheads

and the arrangement of machinery, equipment, and weapons systems. Minimizing

the number of bulkhead and deck penetrations reduces the associated struc-

tural weight penalties which occur when primary 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 large

penetrations exist.

(U)  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 with a

six foot (1.83 m) frame spacing and a 16 inch (0.41 m) stiffener spacing to

provide adequate strength.

(U),  The hull transverse frames are relatively large alum&m  extruded tees

welded to the deck plates. These members function as beam sections to

span across openings between decks,and  form the vertical frame columns.

These members are capable of reacting axial, shear, and moment loads in the

plane of the frame. The sidehull  and innerbottom frames are lightest when

designed as an open truss configuration. These trusses react the

locally applied hydrodynamic pressures and function integrally with the

non trussed portion of the transverse frame. Stiffened webs are used in

place of the trusses to accommodate tank boundaries, foundations or local

load conditions. Reactions to the bow seal and stern seal loadings are

concentrated at locally reinforced transverse frames at the wetdeck  level.
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(U) Transverse bulkheads are spaced at 42 feet (12.80 m) intervals, with
the exception of the aft most compartment where a 30 feet (9.14m) spa&

is used to accommodate the propulsion machinery. These bulkheads are

all watertight. Vertically oriented tee members are spaced at 10 inch@:‘

(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, nominally.

(U) The all-welded aluminum hull structure is designed for ease of fzbrica-

tion, for minimum weight, and to provide structural i+ntegrity  under all
loading conditions. Marine grade weldable aluminum alloys 5086 -

H116/117  and 5456 - H116/117,  are rated best overall for the primary

hull structure because of mechanical, corrosion,  manufacturing, and
cost considerations. Of these two, 5456 - H117 (Hill extrusions) was

chosen because of its 19 percent greater strength-to-weight ratio
compared to that for 5086-Hl17. The H117 temper is free of continuous
grain boundary networks which would be susceptible to exfoliation or

severe intergranular corrosion in a marine environment.

(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 accomplished outdoors

in a building basin. All fabrication, subassembly, and assembly of
the structures, from receipt of plate and extrusion until the
assemblies are ready to be transported to the building basin for
erection, would be performed indoors in a controlled environment. A
139,000 feet2  (12,913.5  m2) Marine Assembly Facility would be required.

Operations have been planned and sequenced to maximize dowlk-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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(U) welding required during erection would be less than two (2) percent

of the total lineal footage of welding on the ship.

(U) Erection of the hull in the building basin would proceed from the

stern forward. This erection sequence was selected after reviewing

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.

(U) 2.3.1.2 Structural Drawings - The drav. .;s that define

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

0 Main Deck Plating

0 Longitudinal Bulkhead

0 Transverse Bulkheads

0 Transverse Frame

0 Bow Plating and Framing

0 Superstructure

0 Structural Extrusions

0 Plating Combinations

(U) The drawings are grouped in appendix B for consistency of report format

and the benefit of the reader.

(U)  2.3.1.3 Key Structural Features -- Outstanding characteristics

of the near term SES include the optimum choice of size and shape of
the hull, seal interface, and structural layout of primary members.

The design is characterized as being an exceptionally clean ship with

smooth flowing lines.
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(U) The functional design of the ship provides minimum air turbulence for
helicopter operations while the minimum motion characteristics of the
ship enhance the ability of helicopters to take-off and land.

(U) 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 displacement

of approximately 3000 tons (29892 kN.), and be capable of housing all

required subsystems. Physical dimensions developed from parametric

trade-offs established the following dimensions:

0 Overall length of 266 feet 3 inches (81.15 m)

0 Wet deck height of 18 feet (5.49 m)

0 Wet deck ramp angle of 13.7 degrees

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

(U) Internal geometry of the hull structure has been optimized to the
following and are shown on figure 2.3.1-1:

0

0

0

0

0

0

0

0

0

0

Stiffener spacing of 10 inches (0.25 m)

Frame spacing of 3 feet (0.91 m)

Transverse bulkheads spaced at 42 feet (12.80 m) intervals

(aft bulkhead at 30 feet 9.14 m )
[ I

Longitudinal bulkheads at approximately 14 feet (4.27 m) spacing

Between deck height of 9 feet (2.74 m)

Third deck height above keel - 22 feet (6.71 m)

Second deck height above keel - 31 feet (9.45 m)

Main deck height above keel - 40 feet (12.19 m)

01 deck at 49 feet (14,54 m)

02 deck at 60 feet (control center deck) (18.29 m)
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Figure 2.3.1-1 (U): Structural Configuration OJ)



(U) 2.3.1.4 Structural Weight Breakdown -- The structural weight
breakdown of the hull and superstructure is shown in Table 2.3.1-l:

Table 2.3.1-1 (U) Structural Weight Breakdown (U)

SWBS LONG TONS KILONEWTONS %

110 419.03 4175.2 52.1

120 152.79 1522.4 19.0

1 3 0 518.60 1580.3 19.7
150 14.49 144.4 1.8

160 19.11 190.4 2 . 4
170 2.78 27.7 0.3
180 38.20 380.6 4 . 7

100 805.0 8021.0 100

7

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

designed to realistic worst case loading conditions which are forecast
to occur within the ship lifetime. These structural loads were obtained

from an extensive Rohr 2KSES/3KSES  model testing and analytical loads

development program. The structural materials are commercially produced

aluminum alloys which have been utilized in existing Navy ships, such
as the PBM  and SES 100B. The baseline design configuration features

conventional built-up plate-stiffener combinations, a conventional
ship'framing system, and state-of-the-art welding and producibility
details to minimize construction problems. Consequently, structure
of the near term SES is producible, competitive with respect to cost; and

represents an optimum design configuration for performance of the specified
mission.
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(U)  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  pumps into kinetic energy,

by increasing the velocity of the seawater inducted at the waterjet  sea-
water inlets and ejected through the waterjet  pump exit nozzles. The
general arrangement is showr  on Figure 2.3.2-l.

(U) The SWBS breakdown of the propulsion plant is:

0 Gas turbine system (234)

0 Transmission system (242, 243, 244)

0 Waterjet  propulsor system (247)

0 Combustion air intake system (251)

0 Exhaust gas uptake system (259)

0 Lube oil system (262)

2.3.2.1 Summary Description

(U) 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 propulsion
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 located

on the port side. Each gas turbine is operationally independent of the other .

(U) The baseline propulsion gas turbine for the near term SES is the LM2500  gas
turbine which is capable of delivering 22,500 continuous shaft horsepower

(16,780 kW)  and 27,000 intermittent shaft horsepower (20,130 kW). The
alternate propulsion gas turbine is the FT9A-2;r  which delivers 36,500 con-

tinuous (27,220 kW) and 40,000 intermittent shaft horsepower (29,830 kW).
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Figure 2.3.2-1 (U): Propulsion Plant General Arrangement, Starboard Side Only (U)
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(U)  The FTSA-2A  system requires more space than the LM2500  system due to its

increased turbine length. The FT9A-2A  engine is installed further aft,

w

OJ)

m

which shortens the drive shaft length. The propulsion plant is designed

for future installation of the alternate FT9A-2A  engine with a minimum
impact on the propulsion plant or other ship systems.

The LM2500  marine gas turbine is derived from the TF39 military and CF-6
commercial turbo fan engines used respectively on the Lockheed C5A  Galaxie

and McDonnell Douglas DC-10 aircraft. The LM2500  gas generator consists of
a variable vane l&stage  compressor; annular combustor; two-stage air-

cooled turbine and associated gearboxes; controls; and accessories. The
power turbine Ilas  six stages and is a low-speed, low stress design. The
LM25C$  engine, is presently in service on the DD963 class destroyers.

The FT9A-2A  engines are identical with the FT9A-2  engines currently being

developed by the Navy, Minimum 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 compressor, each driven by a separate turbine and an ann-
ular combustor. The power turbine is derived from the FT4 power turbine now

in service.

2.3.2.1.2 Transmission System -- This system consists of the propul-
sion shafting, shaft flanges, shaft bearings with mounting structure, flexi-

ble couplings and torque meters. Each of the four transmission systems

connect a propulsion gas turbine to a waterjet  propulsor 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 arrangement. The reduction gearbox is descrfbed

next in the waterjet  propulsor system description.

UNCI.ASSIFlED
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Figure 2.3.2-2. (u)  Typical Propulsion Transmission System (U)
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(U) 2.3.2e1.3 Waterjet  Propulsor System -- The waterjet  propulsor system
consists of the integral reduction gearboxes and waterjet  pumps, instru-

mentation, mounting links, steering sleeves with hydraulic actuators,

waterjet  pump inlet flex joints, thrust reversers with hydraulic actuators,
transom flexible seals, waterjet  pump priming systems, attached lube oil
pumps with minor lube oil system components and piping, seawater inlets,

seawater intake diffusers, bifurcated ducts and variable ramp roofs with

hydraulic actuators, A nozzle closure valve and a thrust bearing are

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

(U)  Each reduction gearbox (four (4) total) contains necessary gearing to reduce
the input speed and divide the power between the two (2)  waterjet  pump 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.

(U)  2.3.2.1.3.1 Waterjet  Propulsor Assembly -- The traterjet  propulsor is a
two-stage; two-speed design based on the hydraulically similar PHM propul-

sor. The first stage is an inducer designed to produce a sufficiently high
head rise at low suction (cavitating) conditions to permit the second

stage impeller to operate at high rotation speeds without cavitation. The
power split between the inducer and impeller is approximately 30:70.  The
inducer rotates at about l/4 engine speed, the impeller at about double
this. The propulsor assembly is shown in Figure 2.3.2-S.

(U)  2.3.2.1.3.2 Waterjet  Inlet -- Seawater for the four (4)  waterjet  propul-
sors is taken aboard through two semiflush inlets as shown in Figure 2.3.2-6.
One inlet is located in each sidehull  to serve the two waterjet  pumps also
located in each sidehull. Seawater for ship services is taken aboard
through these inlets. The'sidehulls are enlarged through fairings  from
their nominal cross-sections to accommodate 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 2.3.2-6 (U): Waterjet  Intake Duct Ramp Roof (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 the two pumps.

Water flows through the inlets by combination of pump action and ship for-

ward motion, at a rate determined by the ship speed, iniet  area settings
and pump speed. The curved diffusers then turn and raise the water to the

pumps through the bifurcated ducts. An abrupt expansion is used at the en-

trance to the bifurcated ducts. Each bifurcated duct is constant area,

symmetrical and has integral turning vanes.

(U)  2.3.2.1.3.3 Steering and Reverser System -- Each waterjet  propulsor

has an associated steering sleeve and the two outboard propulsors have
thrust reversers. The discharge water from each pump'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, utilizing the ship hydraulic system,

and is instrumented to permit position monitoring.

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

operation;they  are pivoted into the water streams by controllable posi-

tion actuators. During reverse thrust operation, the high-velocity water
is redirected forward, down, and slightly outboard to minimize spray and

hazard to nearby objects. The thrust reversers are variable position to

give full forward through full reverse thrust on the outboard waterjets.

(U) 2.3.2.1.4 Combustion Air Intake System -- The internal configuration

of the combustion air intake system and the location of the demister banks,

acoustic panels, gas turbine plenums, air heat$.ng  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 demister banks; and the drainage sump 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 comprisedof six inch (0.15 m) spaced per-
forated panels, installed in the athwartship direction. Thin aluminum
splitters between the panels form six inch (0.15 m)  rectangular ducts.

(U)  The intake system is designed to accommodate the LM2500  or the FT9A-2A  engine.

The design considers all combination s of these engines for prclpulsion
and lift. The only modification required when the FT9A-2A  engines are
employed is an increase of demiscer f?;ce  areas.

(U) Anti-icing, de-icing, and pre-heating of the intake system for the engines

is accomplished by recirculation and mixing of lift 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 lift

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

(U)  2.3.2.1.5 Exhaust Gas Uptake System -- This system consists of the

exhaust ducts (includ3.ng  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.

(U)  2.3.2.1.6 Propulsion Lube Oil System -- This system provides lubrica-

tion for the bearings in the transmission system and for the waterjet  pro-
pulsor assembly. The reduction gear system is of the dry sump type and the

pump thrust bearing and seal module require most of the oil in the system.
The reduction gear carries driven pressure and scavenge pumps. The lube

oil system upstream of the mechanically driven pressure pump, and downstream

UNCLASSIFIED
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(U)  of the mechanically driven scavenge pump, 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 MIL-L-17331.

(U)  2.3a2.2 Operation

(U)  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 provisiens  are provided

for back up, Each gas turbine engine can be started and ready to del;lver
power in approximately 90 seconds.

(U)  The waterjet  propulsors are above the ship off-cushion waterline and thus
require priming. Priming is accomplished in these successive steps: apply
transmission brake to prevent rotation of the dry pump; shut nozzle closure;

supply auxiliary water to rubber bearings; operate the air ejector that con-
nects to both pump pairs; and when pumps are primed, water then covers the
pump inducer centerline.

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

head of about 15 ft (4.57 m)  H20. When the nozzle closure is opened, the
pump begins to deliver water, the ejector system and auxiliary water supply
are shut off and the priming is completed.
system are shown on Figure 2.3.2-9.

These features of the priming

@)2.3.2.2.2 Low Speed -- Low ship speed operation of the propulsion plant
requires the ship to be in the off-cushion mode to reduce the possibility
of broaching which could unprime the propulsors. Additionally, with the
ship off-cushion,inlet  head to the pump inducer is maximized to reduce suction
specific speed. The steering sleeves and reverser may be configured to
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(U) give low speed forward, astern, turning and sideways translation of the

ship for undocking  and maneuvering in a seaway. The power level is

limited by the suction specific speed line of the propulsors to limit

cavitation erosion of the pump components.

(U) The seals are extended to a height/speed schedule when above 10 knots

(5.14 m/s) ship speed to avoid reaching limit suction specific speed.

The waterjet  inlet is generally wide open in the low speed mode.

(U)  2.3.2.2.3 Hump Transftion -- Hump 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 intermittent power level to

produce the desired margin of thrust over drag. During transit, the
waterjet  inlet area is varied according to pump speed (power), ship

speed and engine throttle setting. Suction specific speed limitations
are not present at trans-hump speeds.

(U) Ship heading control will require use of a combination of differential
thrust, assymetrical throttle settings on the fan engines, and thrust

vector control with the steering sleeves. The ships control system
automatically determines the required combination and the mix of control

forces that provides heading control with minimum fuel consumption.

(U)  2.3.2.2.4 High Speed Cruise -- At cruise conditions, throttle
settings for steady state conditions (and the associated inlet opening)
are maintained by the propulsion control system.

(U) 2.3.2.3 Machinery Characteristics -- The machinery characteris-
tics are presented in the following tables:

UNCLASSIFIED
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Table 2.3.2-1:(U)  Engine Characteristics (U)

ITEM

Rxrbine  Inlet Temperature - oF(*C

dr  Flow - lb/set  (N/See)

bry  Weight - lbs (kN) 10,405 (46.281) 21,300 (94.742)
:ompression  Ratio at Max&RPM
;FC - lb/HP-hr (kN/w-hr)

Max. Power at Sea Level- HP @ 80"
QW @ 27'C) 27,000 (20,134) 40,000 (29,828)

No. of Compressor stages

No. of Turbine Stages
?o. of Combustors
:ombustor  Type
Length-Inchks  (m)
diameter  (Max) - Inches (m)

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

I T E M CHARACTERISTICS

keduction Gear

Speed
Power

Weight (Dry)
Length
Width
Lubricant
Gears

Ratio

First stage
Second Stage

Bearings

Casting
Iransmission

Length
Diameter

Bearings

Shaft and Flanges
Flexible Coupling

Torquemeter

40,000 SHP (29830 RW)

9489 lb (42.21 kN)
76 inch (1.93 m)
59.50 inch (1.51 m)
2190 TEP per Mil-L-17331

Double-Helical 9310 steel
one-piece pinion and shaft

Journal, Babbit lined
Cast Aluminum A356-T6

138 inch (3.50 m)
22 inch (.56 m)

Fwd - Duplex ball  thinwall
- Roller thinwall

4340 forgings
+Double diaphragm s l/2'  misalig,rment

capability

Accurex  Strain type

-UNCLASSIFIED
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Table  2.3.2-3:  (U)  Waterjet  Propulsor  Characteristics  (U)

ITEM CHARACTERISTICS

Speed
power

Weight  (wet)
Length
Keight
Diameter

Efficiency  *
Keadrise  *

Flow  rate *
Gross  Thrust  *
Nozzle  Diameter

Speed Inducer  *
Speed  Impeller  *

Suction  Specific
Speed  Limit

4100  RPM
40000  SHP (29830 kW)
22571 lb (100.396  kN)

203 inch (5.16 m)

49.5 inch (1.26)

161,200  lbf (717.018kN)
17.52 inch (.45.m)

1999 RPM

2,425O  at Inducer  Centerline

*Values  at RPM and Power  quoted  and total  inlet  head of  203 ft.  H20

(61.9 m H20)
.
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Table 2.3.2-4:  (U)  Waterjet  Inlet (U)

ITEM

Width
Drop Fraction

Max Opening Area
Min Opening Area

Max Flow Rate
Variable Roof.

Bifurcation

CHARACTERISTIC

48 inch (1.22 m)

0.5
14 ft2 (1.301 m2>
4 ft2 (.372 m2)

286,282 GPM (18.06 m3/s)
3 section continuous flexible

plate
Equal legs with +urning  vanes
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(U) 2.3.2.4 Arrangements -- The drawings and sketches depicting the
near term SES'propulsion  system aze  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 demister

is  shown as Figure 2.3.2-10.

(U)  2.3.2.5 Propulsion System Weights -- Weights within the propulsion
system SWBS 200 are shown in Table 2.3.2-5.

Table 2.3.2-5 (U). Propulsion System Weights (U)

Gas Turbines
Reduction Gears

Shaft Bearings
Waterjet  Propulsors

Combustion Air

Control System

Fuel Service System
Lubeoil  System

Operating Fluids
Repair Parts

‘- -’ -,-.
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(U) Table 2.3.2-6 shows the estimated functional weight percentage of major
components within the propulsion system for an LM 2500 and FT9A-2A  system.

Table 2.3.2-6 (U). Weight Percentage of LM2500  and FT9A-2A
Propulsion System (U)

SUBSYSTEM

Engines

Gearboxes

Propulsors

Comb Air System

~ Comb Exh System

Oper. Fluids
I
Miscellaneous

r PERCENT OF SYSTEM I

LM2500

9.1

a.4

12.6

10.6

7 . 5

31.3

19.9

FWA-2A I

16.9

7.1

10.6

11.2

10.3

26.4

17.7
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2.3.2.6 Propulsion System Technical Risk Summary

w Engines -- The GE LM2500  gas turbine engine is in pro-
duction with a proven capability up to 21,500 SHP (16,033 kW), is low

weight, and in use for other marine applications. The Pratt and Whitney
PT9A-2A  alternate engine is developmental and requires design and test

effort; it will be in production after a few years; and component

testing has begun, Current development efforts are limited to 33,000 SHP
(24,608 kW).

lu) Transmission -- The propuision transmission system is

designed to transmit all anticipated alternating and continuous torques
between the propulsion engine and the propulsor assembly without failure

over a 20-year  life span with specified overhaul of the life limited

components; to have not more than 10 percent failures prior to the
scheduled overhaul period of 5,000 hours minimum (10,000 hours goal) for

the life limited components; to withstand a limit torque of 1,229,764
inch pounds (138.94kN*m)without  degradation of performance or failure;
and to eliminate any critical speed (of any component) which is less

than 125 percent of the system maximum operating speed.

w> Waterjets -- The propulsor is hydraulically similar to the

PHM  pump now in operation. Comprehensive model tests have already been
successfully conducted for the 40,000 SHP (29,828 kW) propulsar. The
waterjet  inlet has been extensively tested with models and with similar
inlets of the operational SES-1OOA  and XR-1 testcraft. The installation
design of the waterjet  propulsor assembly will withstand all anticipated

input powers, thrusts and external loads due to ship accelerations and
equipment malfunctions without failure for a 20-year design life and

with specified overhaul. The waterjet  seawater inlet duct system has

been optimized to improve performance, cavitation characteristics, drag
and structural weight on the basis of substantial analysis and model

testing.
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(U)  The propulsion lube oil system, combustion a*:.r  intake system, and exhaust
gas uptake system are typical of present gas turbine ship installations.

All components are presently available and proven in service. For the
combustion air inlet, anti-ice protection by exhaust gas mixing is

the accepted method of General Electric, Pratt and Whitney, and Garrett.

UNCLASSIFIED
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(U)  2.3.3 ELECTRICAL SYSTEM

0 J) 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 (GTG) sets. Three (3) identical GTGs  rated

375 kW 60 Hz and three identical GTGs rated 375 kW 400 Hz provide a
total system capacity of 2250 kW. All six (6) GTGs are driven by

Garrett ME 831-800 turbines.

(U)  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.

(U)  The lighting arrangement is based upon dividing the ship into four (4)
lighting zones or "cubes". Three cubes comprise the internal illumi-
nation distribution system, while the fourth cube services the specialized

needs of the helicopter hangar and landing lights. Lights throughout

the ship are predominately of the fl,uorescent 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 primary

and secondary electrical power with minimum weight, minimum development

risk and maximum 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 II 400 Hz power and Type I 60 Hz power per MIL-STD-13991

103.

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

turbines provide bleed air for starting the propulsion and lift engines
(LM2500  or FT9) and also provide a small amount of continuous bleed air ior

the ship's compressed air system.

(u)y'&  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 consumers located nearest to the particular switchboard. Each
switchboard is connected to the other switchboards by bus ties which

form a ring bus arrangement.

m>

(W The 60 Hz power distribution system is similar to the 400 Hz system.

w>

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

bus arrangement for all operating modes, allowing the third unit to be

in a standby mode. Generators may be added or deleted as the power
demand dictates when operating with the ring bus system,

.

The lighting system provides adequate and reliable illumination in all

areas of the ship, regardless of operating mode 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 illumination, as well as uniform, shadow free illumination for all
areas. The system provides the following illumination services through-

out the ship:

e General white illumination in all spaces

e Detail illumination according to work task

0 Low-level, red-band illumination for darkened ship

dD Two levels of blue-band lighting in the Combat Information
center

0 Automatic and manual battery operated battle lanterns

l helicopter platform visual landing aid and VERTREP platform
illumination for night operation

0 Navigation and running lights

(U)  The lighting system utilizes 60 Hz power for economic 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.

(LT)  The system utilizes the Navy concept of dividing the ship into vertical
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, middle and aft portions of the ship. The
lighting distribution system is fed from the three 60 Hz switchboards.
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 switchboard. Figure 2.3.3-2

illustrates this arrangement.

134
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(u)  Lighting fixtures are designed to provide satisfactory illumination with

optimum operational economy and minimum maintenance. Fluorescent lighting

is used predominantly wherever feasible , owing to its superior lighting

qualities and lower power consumption, 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 may be
functional advantage exists, or where an appreciable

saving can be achieved with no degradation in either

or reliability.

selected where

weight or cost
service

a

.
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(u)2,3.3.1.2 Type of Components -- The GTG prime movers are Garrett

ME 831-800 turbines currently being qualified for the Navy PHM  program.

The 831 series engine has four million hours of operational experience
in protected and unprotected environments.

(U)  The 400 Hz GTG system is very similar to the PHM  patrol hydrofoil genera-

tor set: each employs 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 Hz generator is

also very similar to the generator used on the PHM patrol hydrofoil
generator set (same design and frame size), differing only by a slightly
longer lamination stack to provide a higher power level output.

(U)I~  addition to the 60 Hz GTG use of the same gas turbine as the 400 Hz GTG,
the other major components (such as the fuel system, lube system, and

governors) differ very little between the two power frequency systems.
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 GTG set comprises a gas turbine, reduction gear, generator, governor,
fuel system, self-contained lube system, enclosure and control system.

Figure 2.3.3-3 and 2.3.3-4 show the turbine prime mover major components,

envelope, and weight for the 60 Hz and 400 Hz units, respectively,

(IJ)Each  GTG is equipped with an electrical starter operating from its own
dedicated 24 V dc battery system. On starting, in-rush currents of

2000 amperes exist and voltage dips below 15 volts will occur. These 1 -ge
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 guaranteeing "blackship" starts.

138
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(u)  The ME 831-800  gas turbine engine provides bleed air from its compressor.
This source of compressed 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 LM2500 (or FT9 A-W. The bleed air power drain is substantial

during the engine starting cycle, so the off-line GTGs  are available
to perform this function without disturbance of normal power generation.

(U)The  400 Hz and the 60 Hz distribution switchboards 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 within

a control cabinet located on the GTG. Switchboards are of the free-

standing, dead front type, constructed with aluminum framing and

sheeting. Access space is provided at both front and rear of each
switchboard. All devices for the remote control and monitoring of the

switchboards are conveniently terminated at terminal boards in the

rear of the switchboard to facilitate connection of the ship's cables.
Reverse power protection for the generator sets is provided within the

switchboards.

(U)Circuit  breakers mounted within the switchboard are of the proven
reliable MIL-SPEC type. Molded case AQB Type circuit breakers are used

within the distribution system to achieve reduced
system weight and cost. The  AQB Type bus tie and shore power circuit
breakers are equipped with  motor operated devices to enable remote
operation. The generator circuit breakers are ACB Type.
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Figure 2.3.3-3 (U)  The 60 Hz Gas Turbine Generator Set
is a Compact Unit (U)
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Figure 2.3.3-4 (U): The 400 Hz Gas Turbine Generator Set
is Similar to the PHM GTG (U)
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i
(u)  2.3.3.2 General Schematic -- An electrical system general sche-

matic is shown in Figure 2.3.3-6, This shows the complete 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 located

in the same room with its generator, The locations of the generators have

been made 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 both 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 switch-board-mounted shore
power circuit breaker to prohibit make-or-break of the shore connection

under load.

(U)  Each cfrcuit  breaker has been selected to provide adequate protection in

the event of a fault. A sequenced opening of breakers will occur with 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 may be remotely
opened for damage control purposes but manual reset is required. Large power
consumers are fed directly from switchboards while smaller consumers are

routed to .power  distribution panels located throughout the ship. Transformers
are located in close proximity 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.

1 4 2
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W2.3.3.3 General Arrangement -- The six GTG sets are installed in

four different rooms, separated.from  each other by.- . . __ . _ at least-two  Vate.r.-tight.~~l.~he.ad:

GTG Rooms 1 and 2 are symmetrically arranged and located 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 two GTGs  (one 60 Hz and

one 400 Hz) within each room.

(WGTG  Rooms 3 and 4 are located port and starboard on the main deck, just
forward of the combustion air inlet plenum. Room 3 contains one 400 Hz

GTG as shown in Figure 2.3.3-8. Room 4, on the port side, contains one

60 Hz GTG and is arranged similarly to Room 3. The starting/control

battery, battery charger and switchboard for each of these GTGs  are
also located within the rooms.

1 4 4
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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 kw  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.

00  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.

(U)The control systems provide corrective measures  for sustained overload

or a generator failure. These provisions include automatic star9of  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.

(U) Two power sources are supplied for all vital loads. The lighting,

“Circle V’ ventilation, 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

L47



service. Thus, in the event of a failure or casualty of the power supply

to any vital load, all that systems' generators or switchboards (60 HZ

or 400 Hz) would have to fail to create a total loss of power.

(U)  A radial lighting distribution system is employed that consists of 450 V,

60 Hz feeders from the ship's switchboards reduced through suitable

transformer banks to 120 V distribution panels within each cube. The

distribution panels supply centrally located distribution boxes, which

distribute power to individual local lighting circuits. Vital lighting
in spaces,(la)s  defined under "Emergency Lighting System" in Section 331b

of the GSS, IS provided with a normal and alternate source of power through
automatic bus transfer equipment, since this results in the simplest

back-up arrangement.

(U)  Red low-level illumination 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 limited amount of illumina-

tion in the event that other lighting sources fail.

(TJ)  2.3.3.5 Electric Plant Weight Breakdown -- The following Table 2.3.3-l
shows the estimated percentage weights of the major equipments and components

of the electrical system.

Table 2.3.3-l (U): Electric Plant Weight Breakdown(U)

SUBSYSTEM PERCENT OF SYSTEM

Gas Turbine Generator Sets 20.0
Turbine support equipment 14.0
Switchgear, panels, fixtures 35.2
Electrical Cable 20.5
Miscellaneous 10.3

(1) General Specification for Ships of the U. S. Navy
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(u)  2.3.3.6 Technical Risk Areas -- The electrical system pro6ides
high confidence that the requirements for electrical power will be com-

pletely met, regardless of operating condition, The associated trade-off
studies provide assurance that the baseline system can be implemented
with off-the-shelf equipment and at competitive prices. This system

futures  six 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 switchboard failure has less impact on total

power generation capability.
0 Ma-jar  components are smaller and easier to remove for

depot repair or replacement.
0 Smaller GTG envelope and smaller exhaust piping  allows greater

installation arrangement flexibility.

l Set enclosures are smaller and easier to remove in confined
GTG rooms.

e It is feasible to provide a reserve GTG 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. Minor variations only have been made, including (1) the addition

of a ring bus arrangement 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, with high
confidence, the system will provide satisfactory and reliable system per-

formance.

(U)The  composite design of the electrical system and the definition of its
individual components 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 COMMAND, CONTROL AND COMMUNICATIONS (C3)

(U)  2.3.4.1 Summary Description -- C3 functions are accomplished by

subsystems and equipments arranged and integrated to optimize the col-
lection, evaluation, display, and dissemination of data and intelligence

supporting command and control. The C' system includes equipments for:

o Display

l Data processing

o Navigation and collision avoidance

0 Interior communications

0 Exter,ior  communications

(U)  The C3 system interfaces with Combat System elements for underwater,
surface and air surveillance, as well as Combat System fire control and

weapons elements.

(U) Worldwide 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 (SHIPS-G-5683; TYPE II), and from
Omega (SRN-17) and satellite radio mavigation (AN/WRN-5;  SATWAV).

(U) The surrounding surface environment is monitored to provide the capability
to sense and quantitatively measure potential collision situations. The
collision avoidance subsystem displays the surface situation and computes

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 C3 Equipment -- The list of C3 equipment is contained

in Appendix C. Interior Communications and Navigation Equipment are

separately identified. The list itemizes equipment physical charac-

teristics, weight and ship services requirements.
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(U)  Collection, evaluation, display and dissemination of information relative
to the friendly and enemy environment, and control of sensors and wea-

pons is centralized in a combat information center (CIC). Equipment and

operator stations are arranged on the basis of functional adjacency require-
ments to improve reaction time and permit positive control over weapons and

sensors.

(U)  The CIC arrangement permits evaluation of the air, surface or subsurface

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

prised of the tactical situation.

(U)  Multiple path exterior communications are provided, and communications
equipment is arranged functionally in a manner consistent with minimum
manning. Transmitter and receiver groups are located in the transmitter

room adjacent to the communication center. Remote control devices for

transmitter and receiver groups are centrally located in the communication
center.

(I$  2.3.4.3 C3  System Weights -- The following table 2.3.4-l delineates

the weights of major C3 subsystems.

Table 2.3.4-l (U): C3 Subsystems Weights(U)

System

Navigation System

Interior Communi-
cations

Exterior Communi-
cations
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(U) 2.3.4.4 C3 System General Arrangements and Function Block Diagrams --

C3 system arrangements of the ANVCE  Near Term Point Design SES are con-

tained in Appendix B, Section B.S. Also included is an overall system

block diagram encompassing ?nly C3 elements but also elements of the

ship's combat system descrik  il in Section 2.3.7 of this report and a

matrix of interior communications voice systems on the ship.

(U)  The drawings are grouped in the Appendix for consistency of report format

and the benefit of the reader.

(U)  2.3.4.5 C3 Risk Assessment -- Only Navigation and IC Systems were
evaluated in terms of risks. The remainder of C3 systems are comprised

of government furnished or government nomenclatured equipment with minimal

risk to the near term SES design.

(U) Since the Navigation and Collision Avoidance Systems (CAS) are comprised

almost entirely of government nomenclatured equipments, there is low

technical risk in its implementation. Modifications to the ANlAPS-
radar constitute the principal departure from nomenclatured equipment.

There is
computer

a.

b.

C .

d.

e.

f.

g*

h.

low technical risk involved in developing the required NAVCAS

programs. The CAS consists of the following elements:

CAS control and display

AN/APS-116M  Collision Avoidance Radar Subsystem with its own
dedicated control unit

CAS data processor and computer programs (AN/UYK-20(V))

GAS water depth sensor

CAS map data storage

Low light level television (space and weight)

Radar Beacon (space and weight)

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

1 5 2
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(U)  Navigation and collision avoidance equipment was selected from Navy
inventory items to meet the accuracy, reliability and special require-

ments of the near term SES. The interior communication system (IC)

equipment group provides the means and methods for directing functions

within the near term SES, other than for weapons control, by the transmission

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 IC system equipments are standard equipments and
involve mnlnimum  risk.

1 5 3
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2.3.5 AUXILIARY SYSTEMS

0J.v)

w

TL

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

2.3.5.1.1 Climate Control System -- The Climate Control System consists

of the compartment heating, ventilation, and air conditioning (WAC)

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 major

equipment located throughout the ship. The system combines electrical

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

Refrigeration System L- 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 in the freezer and chiller spaces. One
unit maintains the required temperatures for both spaces during normal

operation with redundancy provided by the second machine; two refrigera-

tion machines are used for pulldown.

r
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(II)  2.3.5.1.2  Seawater Systems -- The Seawater Systems consist of all

seawater supply and drainage systems. These include fire main, sprink-

ling, auxiliary seawater, scuppers and deck drains, plumbing drains,

and drainage systems.

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

seawater system.

The system is arranged as a firemain  for damage control considerations,

and separated into fire and auxiliary service functions at the respec-

tive required pressures. Four each centrifugal Dumps are used. They are

each capable of a delivery of 400 gpm (.252mm  3/s) 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 rooms 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.

OT) Plumbj.ng  Drains -- The plumbing 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.

0.0 Drainage System -- The drainage system consists of a main
and secondary drainage system which provides the drainage for the I

machinery spaces and other spaces on and below the third deck. The 11

main drainage eductors  of 500 gpm (0.317 mm3/s)  capacity are provided
1
i

for the propulsidn~engine  roc&  and the waterjet  pump rooms. Eductor
actuating water'is  provided by the fire main and auxiliary sea water

UNC’LASSIFIED
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system. Discharge is overboard.above  the full-load off-cushion waterline,

2.3.5.1.3 Fresh Water Systems -- Fresh water systems include the‘dis-

tilling plant, the potable water system, the turbine water wash systems,

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 managed to reduce storage requirements. CRP

piping is utilized to the maximum 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

NAVSHIPS drawings.

2.3.5.1.4 Fuels and Lubricants Systems -- The light weight fuel and
lubricants system is a straightforward design featuring common func-

tional manifolds and minimal 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 Oil System -- The ship's fuel oil system
consists of the fill, transfer and service.

0 Fuel Oil 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.

0 Fuel Oil Transfer -- Provision is made for transferring
fuel between tanks to shift the ship's center of gravity

for optimum operating conditions. The 400 gpm (.252
mmm3/6, pumps also transfer fuel to the fuel oil

storage tanks, 156
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C. Fuel Oil Service a- 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-

systems have the capability of cross-feed (redundancy)

in emergency conditions.

a> 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.

(U) 2.3.5.1.5 fir, Gas and Miscellaneous Fluids -- The air, gas and mis-

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

w> 'Compressed Air Systems -- Both low pressure and high pressure

air systems are provided.

(U>

0 Low Pressure Air System -- The low pressure compressed
air system is furnished by bleed air from the GTG and

main propulsion engine gas turbine. The low pressure

compressed air system consits  of ship's service, control
air, and starting air system.

0 High Pressure Air System -- A high pressure air system

is provided for charging MK-32 torpedo tubes. A nominal
3000 psig (20.68 MPa) compressor, 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.

1 5 7
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m Fire  Extinguishing Systems -- The fire extinguishing systems

on the ship consist of AFFF, Halon  (FE 1301) fixed flooding systems,

hi-expansion foam, and portable Halon  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 Halon  systems which meet the requirements

of NFPA No, 12A,  are the primary fire extinguishing

systems for propulsion engine rooms; lift fan engine
rooms; auxiliary machinery rooms; waterjet  pump room;
and electrical generator rooms.

8 A high expansion (Hi-X) foam system is provided

as a secondary (backup) system for the Halon  fixed
flooding systems, Port, starboard, and amidships pro-
portioning units are supplied from the fire.main system.

(U> -Hydraulic System -- A centralized hydraulic system provides
hydraulic flow for the subsystems and incorporates a lightweight

flexible power distribution system capable of rapid response. Opera-
ting mode evaluations indicate that the.main  dydraulic  power can be
delivered by two hydraulic pumps driven by the lift fan engines.
These pumps will be augmented by electric motor-driven pumps 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.

(U) The maximum system hydraulic power available is 273.5 gpm  (0.173  m3/s)  at

3000 psig (26.68 MPa); hydraulic fluid in accordance with MIL-H-83282 w-ill

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

Replenishment at Sea -- Replenishment at sea is provided
for by VERTREP and alongside refueling. A combined VERTREP, HIFR,
and Helicopter  Landing area is provided on the main deck aft of the hangar.

Stores, Personnel and Equipment Handling -- Strikedown has

been simplified as much 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 manual means. Materials 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 items will be handled by davit and monorail, The To-loca-

tion of galley and refrigerated spaces eliminates need for a dl.mb-
waiter.

2.3.5.1,7  Mechanical Handling System -- The mechanical handling systems
are the anchor handling, mooring and towz"ng,  boat handling, hangar

door, and the helicopter securing-and traversing system.

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

A single anchor, of the Danforth  Hi Tensile type, was selected on the
basis of the recommended 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
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during helicopter plane guard operations and for man overboard recovery.

Six  MK-V  inflatable CO2 twenty five-man life rafts are provided in
standard containers.

w 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

loaded lower roller bearings that apply tension to upper roller bearings.
Door operation is by an electric motor and gearbox drive.

OJ) Helicopter Securing and Traversing -- A heXcopter  securing

and traversing system will be installed, but its final design has
not been made. Alternatives which will meet the design requirement
with use of minimum 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 modified to
accommodate two (2) helicopters.

2.3.5.1.8 Special Purpose Systems -- The Special Purpose Systems 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 primary item is the

Collecting, 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 pump is used to discharge waste from
the vacuum collection tank to the CHT. This same pump (a standby
pump 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, via  the vacuum collection tank, to

the CHT, Solid trash is treated by compaction and retained  aboard for
disposal at a shore facility,

(U) Contaminated oil drains (fuel, lube oil, helo  defuel, stripping lines,
etc.) are discharged into an oily water drain tank. They are pumped
to share facilities by the waste oil drain pump.
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(a 2.3.5.1.9 Auxiliary Systems Percentage Weight Breakdown -- Table 2.3.5-l

shows the estimated percentages for major auxiliary subsystems less the

lift system.

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

;:.  --
i

SUBSYSTEM % OF SYSTEM

Heating, Ventilation, and
Air Conditioning

Seawater
Fresh Water

Fuels and Lubricants

Handling and Storage
Air, Gas, and Misc. Fluids

Mechanical Handling
Special Purpose System

Miscellaneous

161
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(U)  2.3.5.2 Lift System

(U> 2.3.5.2.1* Air Distribution Summary Description -- Lift system air

distribution consists of two sets of lift machinery and ride control

equipment schematically shown in Figure 2.3.5.2-1. Each set of lift
machinery is arranged in an in-line configuration, one set on each side

of the ship. Power for each set of lift machinery is supplied by an

LM 2500 gas turbine engine. The required power and speed is delivered

.to  the lift fans via the lift power transmission system which consists
of the reduction gear unit, shafting, and associated components. 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.

(U) 2.3.5.2.2 Seals Sumfiary  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, improved concept in SES seals

that combines excellent low drag performance with rugged, high wear
resista.ice qualities. The excellent wear resistance of the planing seals
is exemplified by high speed water impact erosion of the glass reinforced

plastic (GRP)  elements, orders of magnitude less than that occurring with

the rubberized fabric material of the common bag and finger seal systems.
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)  2.345.2.3  General Arrangement -- The air distribution and seals are

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.

(a Power Units - A total of two gas turbines, each driving three VG fans

through a reduction gearbox, are utilized in the SES lift system. One
LM 2500 is located on the starboard side of the ship and the other 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) intermittent shaft horsepower. The link mounting system is identical
to that used for the propulsion plant LM 2500 gas turbines.

W) Power Transmission System - The power transrlission  system begins at

the flange which connects the power turbine to the reduction gearbox

shaft. A disc type brake is mounted on the r;earbox  at the input shaft.

At the output side of the reduction gearbox, a torsionmeter is installed,
Two diaphragm type flexible couplings are installed between the torsion-

meter (gearbox output shaft) and the first lift 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 permit decoupling

of any fan. Flange couplings are used at each end of the fan through-

shaft to connect to the drive shaft. A length of shafting and two shaft

bearing supports with associated couplings are situated between the fan
couplers of the second and third fans. Seals are provided where the
life shaft penetrates watertight bulkheads,

(U) 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 AGMA quality 12 or

better. The gear case is an aluminum casting.

w> The power transmission system for each set of lift fans is designed
to transmit a maximum of 27,000 bhp (20.13 kW) from the gas turbine
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through the reduction gears to the lift fans. The system is designed to

accommodate a maximum input shaft speed of 3,600 rpm (60 r/s) from the

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

w Lift Fans -- The Lift and Ride Control System uses a total of six lift

fans. The fans are symmetrically located, three port and three star-
board, with each group positioned in line on a common shaft.

m All of the lift fans are identical except for assembly differences that
depend on fan location. The fans are centrifugal type with an 86-inch

(2.18m) diameter rotor, a housing, and variable geometry elements.

They incorporate double axial inlet design, airfoil shaped radial

blades, constant velocity volute housings, and a single circular discharge.
The variable geometry fan elements (translating sleeve in each of the
inlets) are included for modulating the air flow for ride control purposes.

The fan is shown in Figure 2.3.5.2-3.
1

(W Included in the fan envelope are the self-contained rotor decoupler,

rotor bearings and coaxial line shafting that permft independent decoup-
ling of any fan while operating under any design load. The mechanisms
additionally provide for remotely activated recoupling of fans from

an at-rest condition.

WI Lift Ducting -- The lift air is delivered through ducts to the bow 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 employs 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 optimized for the system operating conditions. Atten-
tion is given to the velocity of the air balanced against the space

allocation for the ducts,

1 6 4
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W) 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.

w Lift Air 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 lift 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 mid

and aft fans is 12.2 feet (3.72 m) wide by 8.9 feet (2.71 m) long,

UJ) A fa4ring  is provided around the openings to eliminate the ship boundary
layer air and surface water flowing on the deck from entering the fan

air inlets. The inlet design incorporates aerodynamic turning vanes
to direct the air flow downward into the fan rooms. The vanes permit
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,

w Ride Control System -- The ride control system integrates the variable
geometry lift fans and vent valves and their associated actuators with

appropriate ship motion sensors and the controller electronics into an
active system. The total active system modulates the seal and cushion
airflows to reduce the ship's heave accelerations to an acceptable level.
The primary ride control system uses the variable geometry fans to

control airflow. Vent valves are provided to expand the flow range

UNCLASSfFiED  i
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w available in high seas and to provide maximum versatility for RCS

development.

m The variable geometry feature of the fans consists of hydraulically

translated sleeves in the fan inlets, The sleeves have a maximum travel

range of 18 inches (0.46 m). When fully closed, they reduce fan flow
to less than 10 percent of design point conditions. The frequency
response bandwidth of the sleeve actuating system is 0 to 2 Hz, The

nominal maximum slew rate is 57 inches/second (1.45 m/s),

WI 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 just
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
propulsive thrust. Hydraulically operated, fast response, louvered
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 accommodate flow rates up to 60,000

cfs (28.3 m3/s>. The valves are designed for a maximum pressure
differential of 600 psi (4.14 MPa). Vent valve frequency response

bandwidth is 2 Hz. Nominal maximum slew rate is 2.5 full strokes

(close-open-close) per second.

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

crated in Figure 2.3.5.2-6. Geometry of the seal is given in Figure
2.3.5.2-7. The seal r.onsists  of four main elements which are next

described.

oJ> 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
modules with elastomer end caps at the sidehull  interfaces, The bag

UNCLASSIFIED 1
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w and end caps provide a flexible structure which contains the bow seal

air while minimizing 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

drainage.

VJ) The planer/stay portion of the seal consists of thirty-two (32) modules

across the beam of the craft. These planer/stay modules are constructed

of glass reinforced plastic (GW)  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 widen and are joined together by flexible sealing
strips to form a continuous fiberglass planer surface.

WI A 31-inch wide tapered GRP feather edge is attached to the trailing
end of each bow seal planer module. This feather edge, having increased

flexibility is used to attentuate the effective wave impact on the seal,
assist in cushion sealing and improve the seakeeping capability of

the craft,

UJI Each planer is supported by a geometry strap and a retract strap. The
strap provides mid span support and geometric control of the planer

through the full range of sea states. The geometry strap normally
carries a tension load due to the cushion pressure acting on the planers,
but may be unloaded for a short duration when encountering high waves
at a higher velocity.

uJ> A seal retraot  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
trimming of the seals for minimum drag during hump transit, partial-
cushion and full-cushion operation.

1 6 7

UNCLASSlFlED



CLASSIFIED

w The 32 straps pass through slots in the wetdeck  structure, and over
sheaves, before attachment to the retraction reel drums. Provision is

made at each drum for unlimited strap length adjustment. Locks at

the retraction drive outputs prevent inadvertent seal extension by high
loadings. The drive units allow for high and low speed seal retraction,
low speed extending adjustment, and the rapid free-wheeling extention

associated with the craft going on-cushion

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

2.3.5.2-8 and the seal geometry is given in Figure  2.3.5.2-9. Planer/
stay elements are attached to the wetdeck  and extend to waterline 0.

These elements are similar 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 module. Thirty-two modules span the beam of the craft.
The full width stays protect the elastomer bag membrane from the erosive

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

oJ> A four-lobed bellows bag is attached between the wetdeck  and planer to
contain air pressure within the stern seal. The bellows bag is built
in modular sections and is fabricated of the same nylon/elastomer
material as the bow seal bag, Holes are located along the lower lobe
of the bellows bag and sized to permit rapid drainage of water. The
four-lobe bellows is optimum for seal spring rate requirements and for
tensile loading in the membrane.

WI Convolute 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 lower 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

1 6 8
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UJ) reel in a manner similar to the bow seal system. The stern seal
retraction system is similar to the bow system.

(U)  2.3.5.2.4 Tabulation of Key Parameters -- The key parameters of the

lift system are presented in Tables 2.3.5.2-1, Lift System Physical
Parameters, Table 2.3.5.2-2, Lift System Point Design, and Table
2.3.5.2-3, Seals Design Parameters.
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. Table 2.3.5.2-1 (U): Lift System Physical Parameters (U)

1. Engine - LM2500,  2 Required

Design Rotational Speed

Maximum Continuous Power (MCP)

Specific E'Clel Consumption (SFC)

tlaximum Intermittent Power (MIP)

Volume

Basic Engine Weight

2. Reduction Unit With Brake, 2 Req.

Power Capacity

Gear Ratio

UNITS

Lb/SUP-Ur (k&&W-Ifr)

UP

Ft3

Lb

UP

Gear Type: Single Reduction, Dougle helical  Involute Tooth

Volume Fe3

Weight Port Lb

Weight Starboard Lb

VALUES

ENGLISH (SO

3500 (58.33)

22500 (16785)

.40 (2.39)

27000 ' (20142)

1064 (30.129)

10300 . (45.817)

27000 (20142)

1.93

114 (3.228)

4922 (21.894)

3762 (16.734)

3 . Lift Fans (ALRC) 6 Required

Type : Centrifugal, Dual Inlet, Constant Velocity Volute, Variable Geometry, Decoupling Device

Rotor Diameter In (ml 86 (2.184)

Rotational Speed RPM (r/s) 1450 (24.17)

Tip Velocity FPS (m/s) 544 (165.8) :

m
u



- .

‘i * Table 2.3.5.2-l (U): Lift System Physical Parameters Continued (U)

3 . Lift Fans (ALRC)  Continued

Design Head Rise

Dmign  Flow

Design Efficiency, Fan Percent

Specific Speed, NS - t&

H3'4

Exit Diameter In (ml 82.5

Design Exit Velocity FPS (m/s) 163

Maximum Rotational Speed RPM (r/s) 1865

Maximum Flow (Approximate) CFS (m3/s) 10000

Maximum Power UP WO 9000

4. Transfer Shafting

Total Length (1) Per Ship

Total Weight (2)

5 . Distribution Ducting

Total Length (3) Per Ship

Total Weight (4;

UNITS

ENGLXSB

PSF

CFS

(SO

I!
P3

( /Pa)
Cm3/s)

VALUES

ENGLfSR cm

333

6039

(15.9)

(171.005)

84

1 4 4

(2.096)

(49.7)

(155.42)

(283.2)

(6714)

F t (d 104 (31.699)

Lb WJ) 8756 (38.948)

Ft

Lb
(ml 532

(kN) 26631

(162.154)

(118&61)
a

6. Fan Inlets

Type: Flush Horizontal  with Acoustic Turning Vanes.

Velocity Ratio (IVR) at 80 Knots (Free Stream/Inlet Velocity)

Weight Lb NO 11910

.70

(52.978)



Table 2.3.5.2-l (U): Lift System Physical Parameters, Continued (U)

(1) To&l  length from gear box interface to last fan. Pan internal shafting not included.

(2) Includes shafting flex couplings and bearing pedestals.
(3)  Includes ride control ducting.

(4) Includes flex coupling and values.



Ship Weight:

UNCLASSIFIED

Table 2.3.5.2-2  (U): Lift System Point Design (U>

LT (W)

Wave Height H1,3:

Ship Speed :

Pressures:

Bow:

Cushion :

Ft: (4

Knots (m/s)

PSF(kPg)

4 . 6  (1.40) _.
.

80 (41.2)

- -

349 (16.71)

342 (16.38)

Stern:

Total Flow Rate:

Lift System Efficiency:

CFS (m3/s)

1

376 (18 .OO)

37500 (I 061.88)

76.1

Duct  Losses:

Bow :

Cushion: 24 (1.15)

Stern: 39 (1.87)

Fan Parameters:

Speed:

Total shaft  Power

Flow:

Bow:

Cushion:

Stern:

Engine Parameters (LZ2500)

Speed :

Total Brake Power

Total Fuel Flow

SIX

P S F  (kPa)

28 (1.34)

HP WI

CFS (m3/s)

__  .-  -..
. . .

H P  (kW)
/

M

Lbs/Hr  (N/s)

Lbs
BHP-Hr cNkW-Hr’  *

173
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1535

29743
I

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): Seals Design Load Parameters (U>

1. BOW SEAL LOADS

ELEMENT DESIGN(l) NOMINAL MAXIMUM
FACTOR WORKING LOADS
(MINIMUM) LOADS

Wet Deck Stay
Attachment

Fwd Wet Deck Bag
Attachment

Aft Wet Deck Bag
Attachment

Geometry Strap

Retract Strap

Module-to-Module
Joint

Planer-to-Planer

2 2800 lbs/ft 13,300 lbs/ft
(114,000 N/m) (202,000 N/m>

1.5 610 lbslft
(8,900 N/m)

1 . 5 380 lbslft
(5,600 N/m)

2 20,990 lbslstrap
(93,300 N/strap)

2 1,000 lbs/strap
(4,450 N/strap

2.0 340 lbs/ft
(5,000 N/m)

2.0 1,000 lbs/ft
(14,600 V/m>

19,200 lbs/i-'t
(280,000 N/m>

13,200 lbs/ft
(192,5Ci)  N/m)

43,c)lO  lbsl/strap
(142,000 N/strap)

38,250 lbs/strap
(171,500 N/strap)

975 l.bs/ft
(14,200 N/m)

5,000 lbs/ft
(73,000 K/m)

(1) Maximum load multiplied by its respective design factor is the
ultimate design load.
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Table 2.3.5.2-3 (U): Seals Design Load Parameters (Continued) (U)

2. STERN SEALLOADS

ELEMENT DESIGN NOMINAL MAXIMUM
FACTOR
(MINIMUM) ('I  ::f=

LOADS

Planer Attachment
to Wet Deck

.
Geometry Strap

Wet Deck Attachment,
Geometry Strap

Convolute Cable

Retract Strap

Stern Bag Wet
Deck Attachment

Planer-to-Planer
Joint

2 710 lbs/ft
(10,500 N/m)

1,420 lb&/s&p
(6,320 N/strap)

8,650 lbs/ft
(126,000 N/m)

36,400 lbs/strap
(162,000 N/strap)

1.5 1,440 lbs 44,000 lbs
(6,400 N) (196,000 N)

8,426 lbsicable 15,690 lbs/cable
(37,400 N/cable) (69,700 N/cable)

9,000 lbs/strap 39,550 lbs/strap
(40,000 N/strap) (176,000 N/strap)

1 . 5 830 lbs/ft 13,200 lbslft
(12,100 N/m) (193,000 N/m)

2.0 1,000 lbs/ft 5,000 lbs/ft
(14,600 N/m) (73,000 N/m)

Maximum  load multiplied by its respective design factor is the:
ultimate design load.
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Table 2.3.5.2-4  (U): Seal Materials Physical Properties (U)

UNITS

Engl.iah (SI)
x %

Planer Meterie  -- Gloss

Reinforced Fabric

"ALUEP

English (SI)

!ncric Materials

S-Type Class

Epoxy Resin
min Content

wile Strength

Longitudinal

Transverse

.exible Strength
Longitudinal

Transverse
lexural  Modules

Longitudinal

Transverse

103psi 104Fa

103psi 104Pa

106psi 10'pa

29 (29)
128 (610)
110 (525)

164 (795)
142 (680)

4.6 (21,O)

3.7 (17.7)

Pressure Bag Materials --

Elastomer Coated Fabric

ineric Materials

Nylon Fabric
Neoprene Elastomer

znsile  S';rength

W a r p

Fill

Longation.  Ultimate

Warp

Fill

.-

lbs/inch  (N/m)

x %

1805 316.00
1620 284,OC

53 53
72 72

Pressure llag Materials -
Elastomer Coated Fabric

feight

:oating Adhesion
Warp

F i l l

hge

UNITS

English (SI)

odaq.  yd (lcg/m2)
lbs/inch  (N/m)

inches (m)

VALUES

English (SI)

90 3.05

70 12.200

62 10,850
0.100 0.00254

(1) Values for O/90  degree eleven ply laminates
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Figure 2.3.5.2-l (U): Lift System Air Distribution Schematic (U)



LIFT AIR INLET
RIDE CONTROL (CUSHION VENT).  VALVES

CENTER LIFT FANSTERN SEAL TRANSFER DUCT
FORGlARD  LIFT FAN

L STERN SEAL

!- BOW SEAL

AFT LIFT FAN

LIFT REDUCTION GEAR

- LIFT GAS TURBINE
LM2500

Figure 2.3.5.2-2 (U): SES Lift System Arrangement (U)
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-D)TnP p'?NTROL  VALVE RlDE CONI'ROI,  DUCT

+I- IVI
3RD DECK

SERVO VALVE &
ACTUATOR ASSY

Figure 2.3.5.2-5 (U): Cushion Vent System  (11)

DECK
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ArrAcHnENT

WET DECK
AFT BAG

ATTACHHEm
J I il

fXOMF,TRY  STRAPI
ALMUSTNENT  ctevr~ p

tEATHER  EDGE
SUBASSLNBLY

/ GEOtfETRY  STRAP

PLANEX  PORTION

Figure 2.3.5.2-6 (U): Advanced Planing Bow Seal (IJ)
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STERN BAG
MODULE  Jon-n

END  CAP
STERN BAG

STERN BAG y

FEATHER EDGE- \

1 PLANER
SUBASSEMBLY

CONVOLUTE TENSION
CABLE

FRS9

7 - AIR FLOb?  BYPASS
ORIFICE & CHECK  VALVE

Q FWD

Figure  2.3.5.2-8 (U): Advanced Planing Stern Seal Assembly (U)
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RETRACTED POSITION
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CRUISE POSfTZON

GEOMETRY STRAP

STATIC INFLATED POSITION

-RETRACT STRAP

DEFLECTED POSITION

Figure 2.3.5.2-9 (U): Advanced Planing Stern Seal Geometry
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(U) 2.3.5.2.5 Lift System Weight Breakdown -- Table 2.3.5.2-5  shows

the weight of each major lift system subsystem and each subsystem's

percentage of the Lift System total.

Table 2.3.5.2-5  (U}. Lift System Weight Breakdown (U)

SUBSYSTEM

Fans

Reduction Gear
and Shafting

Seals

Intakes

Support System



LASSIf

(U) 2.3.5.2.6 Lift System Technical  Risk -- The total lift system risk

depends upon the individual component  risks. Considering the diversifi-

cation of functions and the number of components included in the lift
system (lift air machinery, ride control elements, seals), the overall

risk is subjective and is based on the relative importance cf each func-
tion as

0

0

0

l

0

a

follows:

Lift Gas Turbine Engine System -- The LX2500  gas turbine

engine is a production unit and is in use in other marine

applications. The integration of this power unit into the
lift system is well within present technological capabilities.

Power Transmission System -- Reduction gear design employs
proven technology and similar gearbox designs have been
utilized for marine applications. The transmission system
arrangement and component selection are proven and within the
present state-of-the-art. There is no apparent development
risk for this system.

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 l/4-scale  ALRC lift fans

with VG on the XR-1 testcraft. The lift fan design must be
verified in terms of full-size ship requirements and integrative

ramifications.

Duct Configuration -- The analysis of the lift system duct
configurations predicts the pressure losses with a high degree
of confidence. The construction uses proven marine/aircraft

concepts.

Lift Air Inlet -- The analysis supporting the lift inlet design
is base:,'  on existing aerodynamic flow concepts. The materials
and the shaping of the turning vanes are well within the current
technology of the marine/aircraft industry.

Ride Control Valves -- The ride control valves are a type

similar to that used successfully in the 1OOA  program. Proven

1 8 7
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off-the-shelf type components are used throughout the system.
To further improve reliability, the mechanism is a simple

straight-forward linkage design similar to aircraft linkage
systems that are presently Ln use.

e 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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(u)  2.3.6 OUTFITTING AND FURNISHINGS

(U)  2.3.601 Key Features of 0 & F System -- Outfit and furnishings (O&F

is composed of a number of subsystems whose functional requirements
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 mission., All O&F  subsystems conform to General Speci-
fications for Ships of the U.S. Navy and OPNAVINST 9330.7A  (proposed).

(U) 2.3.6.1.1 Habitability -- Crew living spaces are compartmented with a

maximum of 12 men to a compartment. CPO living spaces are compartmented
with a maximum of 5 men to a compartment. Officers staterooms are double

occupancy except that the Commanding Officer and Executive Officer each
have single, separate staterooms.

(U) Kessing  areas are located within a convenient distance of respective

crew living spaces. Cross-traffic has been avoided. The galley is
centrally located to serve the crew from one side and the CPO and commissioned
officers from the other, again, eliminating cross-traffic.

(U)  Recreation areas are also located within 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.

(U)  2.3.6.1.2 Stowage -- Dry 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 Department

storerooms and spare parts storerooms were located in areas of the ship
convenient to users (e.g., repair shops).
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(U) 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.

(U) 2.3.6.2 Passive Fire Protection -- A fire protection system is

necessary as an element of damage control and must incorporate
within the system both active and passive means. The act$ve  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.

(U) For the design of the fire protection system, the ship spaces were

grouped into two major classifications: Group 1, liquid fuel fire hazard

spaces; and Group 2, solid combustible fire hazard spaces. In addition
to fire protection for these spaces, passive fire protection is provided
for the torpedo and small arms magazines.

(II)  2.3.6.2.1 Group 1 - Liquid Fuel Fire Hazard Spaces -- Group 1 consists

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

(U)  Passive fire protection for bulkheads and overhead structures for all

Group 1 spaces are provided by a ceramic fibrous felt sandwich panel.

OJ) Panel Design -- The panel (see Figure 2.3.6-1) c,onsists

of one inch (2.54 uun) thick refractory fiber felt of four
(4) lbf/ft3  (191.46 N/m3)  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.
Ceramic tubular spacers 0.5 inch (12.7 mm) outer diameter

x 0.156 inch (3.97 mm) inner diameter with #6 CRES  screws
and nuts are employed on a lo-inch (254 nrm) grid pattern to
maintain the panel thickness and hold the face sheets together.

1 9 0
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UJ) Close-out members of the panel are 0,010 linch  (.25 mm)
CRES half-hard channels with l/2 inch (12.7 mm) flanges seam
half-hard channels with I./2  inch (12.7 nun)  flanges seam
welded to the front face sheet and riveted to the back face

sheet.

on 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 mm x 12.7 mm x 25.4 mm)
aluminum 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 l/2
inch (12.7 mm) air gap.

w Panel Joints -- Pamel  joints (see Figure 2.3.6-Z) are

sealed from vapor penetration as well as heat penetration

by sandwiching the panel ends between two strips of re-
fractory fiber felt whfch  are compressed between a 0.060 inch
(1.52 mm) aluminum 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 similarly sealed

with 0.060 inch (1.52 mm) aluminum angles and 0.030
in&h  (-76  mm) CRES angles which are used as corner trim.

Wicking  would be prevented by inserting the paneis  in
aluminum 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.

03) Decks -- The decks in Group 1 areas are protected with a

0.25 inch (6.35 mm) thick ceramic fiber moist felt insula-
tion (Refractory Products Company WRP-X-AQ or equivalent).

It is a moldable fibrous ceramic felt in an inorganic

colloidal silica binder and has a density of 15 Ib/ft3

(717.99 N/m3). The felt is packed in plastic bags during
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FIBERFRAX

0.012 IN (0.3Om)  -
AL BACK FACE SHEET

ALUMIXUM-
STRUCTURE

0.010 IN. (0.25mm) CRES
c------FRONT FACE SHEET

FASTENER WITH CERAMIC
BUSHING/SPACER

(10 IN. (254m)  GRID PATTERN

FIBEFU?RAX FELT 4 LB/FT3_.. _.-- --.._  _
(191.46 Njms)

0.25 IN. (6,35um)

Figure 2.3.6-1 (U): Insulation Panel Design (U)



0.10 II. (12.71) FIBERPRAS  RLr
kmmESSE0  TO 0.25 I". (6.35r)
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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 ceramic cement (Carborundum QF-180 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/yd2 (3.33

N/m2). The epoxy resin is room temperature curing (Shell

Epon 934 modified 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 moldable fiber moist felt insulation. The moist

felt is bonded to the stanchion with ceramic cement. The
moist felt is overlapped 1.5 inch (38.1 mm) to prevent

a direct path to the protected member. All penetrations are
sealed to prevent passage of vapors. Where the penetrating
member 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 Group 2 -- Solid Combustible Fire Hazard Spaces - Group 2

consists of all electrb * spaces, living spaces and command centers.

Passive fire protection for bulkhead and overhead structure for all

Group 2 spaces is provided by a refractory fiber felt sandwich panel simi-

lar to the panels used for Group 1 spaces but with a panel thickness of

0.5 inch (12.7 mm).

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

carpeting in these spaces, Stanchions, penetrations and ladders would be
treated as described for Group 1.
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(u) 2.3.6.2.3 Magazines -- The passive protection for the magazines is
one inch (25.4 mm) thick lightweight glass thermal insulation on the interior
surfaces of the compartments and 0.5 inch (12.2 mm) thick fire protection

panels on the exterior surfaces of the compartments.

(U) 2.3.6.3 Estimated Percentage Weight Breakdown -- Table 2.3.6-1 shows

the estimated weight percentage of the major components of the O&F System.

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

SUBSYSTEM % OF SYSTEM

Ship Fittings 2.6
Hull Compartmentation 11.5

Presserve and Coverings 18.6

Hull Insulation 42.9
Furnishings 24.0

Miscellaneous 0.4

(U) 2.3.6.4 O&F  Arrangement Drawings -- Arrangements of O&F  subsystems

are shown in the drawings contained in Appendix B, Subsection B.l. The
Hull Insulation, Sheathing and Deck Covering System for the near term SES
is shown on drawings contained in Appendix B, Subsection 13.6.

(U) 2.3.6.5 Outfit 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 minimal and

is no greater than that of the outfit and furnishings subsystems of con-
ventional Navy Surface Ships.

1 9 5
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(U) 2 . 3 . 7 COMBAT SYSTEM -- The combat systems of the ANVCE Near Term
Point Design SES consist of systems that provide a capability in demon-

strating the military value of an SES that performs anti-submarine war-

fare (ASW), anti-air warfare (AAW)  and surface warefare  (SUW) naval
missions. These equipments are listed in Appendix C which contain6

weight, volume, geometry, and service requirements for each item,

(U) The combat system6 comprise subsystem6 for underwater, air and surface

surveillance. The subsystems consist of surface and air search radars,
passive ESM systems, towed and dipping sonar devices, and dispensed sono-

buoys. Target identification and classification is accomplished by
an IFF system.

(U) Fire control systems are provided for surface-to-&r, surface-to-surface,

and underwater weapons. Surface-to-air and point defense weapons consist

of vertially launched Standard missiles, and dual Close-In-Weapon
System (CIWS) installations (space and weight). The anti-shipping wea-
pons are Harpoon and MK48  torpedo. The ASW  self-defense and offensive

weapon is the MK46/1  torpedo. Weapons and sonobuoy delivery for offen-
sive ASW operations is accomplished by helicopter (SH-3H). Space reser-
vations have been made for future applications of mini-RPV's  for SUW

target localization and weapon terminal guidance, as well a6 for

relaying sonobuoy field telemetry data.

(U)  2.3.7.1 Surveillance - Air surveillance is provided by the air

search radar AN/AI%-125  and DPEWS AN/SLQ-31(V2)  or ANISLQ-32(V2)  systems.
A backup capability is provided by the MK92/3FCS.

(U) Surface Surveillance is accomplished by the surface search radar AN/SPS-55,
with a backup capability furnished by the collision avoidance and naviga-

tion 6yStQm.

.
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(U) Underwater surveillance is provided by the TACTASS AN/SQR-19 and A??/AQS-

13D sonars. DIFAR An/SSQ-53 and DICASS AN/SQ-62 sonobuoys are dispensed
by helicopter (SH-3H). Sonobuoy data link is via UHF telemetry receiving

sets AN/SKR-3A.

(U)  2.3.7.2 Armament -- Armament includes surface-to-air missiles, sur-

face-to--surface missiles, missile launching systems and air drop and

over-the-side launched torpedoes. Small arms and pyrotechnic devices,

hi-rate gun munitions handling, and stowage facilities are also provided.
Armament missile systems are controlled by the fire control system ele-

ments of Command and Surveillance. Torpedoes are controlled by underwater
fire control elements.

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

weapons to counter air, surface, and subsurface threats with provisions

-4 for the following:
-.-* 7.

o Eight environmentally sealed and protected Harpoon missiles carried

in four lightweight launchers, each holding two cannister launched
missiles.

o Eight environmentally sealed and protected SM-1 missiles carried

in four lightweight vertical launchers, each holding two cannister

launched missiles.

o Two MK-32 triple torpedo tubes for the over-the-side launch of

MK-46 torpedoes.

o Miscellaneous ordnance and small arms.

o Space and weight reservations for two MK-'5  MOD V torpedo

tubes for ship launch of two MK-48 torpedoes.

a Space and weight reservations for two MK-15 MOD 0 Close-In Weapon

Systems (CIWS)

UNCLASSIFIED
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(U) 2.3.7.3 List of Combat System Equipment -- The list of combat
system equipment (non-variable load items) is contained in Appendix C.
The list itemizes equipment physical characteristics, weight, and ship

services requirements.

(U)  2.3.7.4 Combat System and Military Payload Weights -- Table

2.3.7-l presents the weights of major components within the combat system
and includes variable load elements. Table 2.3.7-2 shows military pay-
load weights (C3  + Combat System) In accordance with ANVCE WP-002 defini-

tions.

450 & 460

470

480

711

721

751

7 6 1

782

7 8 3

COMBAT SYSTEM TOTAL

Table 2.3.7-l (U) COMBAT SYSTEM WEIGHTS (U)

TITLE LT

Surveillance Sys

ECM

Fire Control

Guns

Launch Devices

Torpedo Tubes

Small Arms

Aircraft Weapon
Handling

Aircraft Weapons
Stowage

20.4

1 . 3

1-2.2

11.4

10.6

27.5

0.4

WEIGHT
kN

203.26

12.95

121.56

113.59

105.62

274.01

3.99

% OF TOTAL

23.9

1.5

14.3

13.3

12.4

32.2

.5

0.5

1.1

4.98

lo,96 1 . 3

8 5 0 . 9 2

,6
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Table 2.3.7-2 (U) MILITARY PAYLOAD WEIGHTS (U)

700

F21-27
F42

TITLE

C&S Less
Nav & Internal

Communications

Armament

Ordnance
Helicopter JP-5

MILITARY PAYLfaD  TOTAL

LT
WEIGHT

1 kN

52.3

47.7

30.5

180.00

493.82

520.92

475.08

303.70

-  _I_

% TOTAL-^_I_

2:

29.1

26.5

16.9

(U)  2.3.7.5 Combat System General Arrangements -- The arrangements of
the near term SES Combat Systems are shown in drawings 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 arma-

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

(U)  2.3.7.6 Combat System Risk Assessment -- The specified combat

weapons and sensors suite is entirely Government-defined and has the mini-
mal risk associated wit;. well-funded development and selections from off-

the-shelf equipment items.
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(u)  2.4 sI3RvIvABILITY  AND VDLNERABILITY

(U) 2.4.1 SIGNATURE CHARACTERISTICS

(U)2.4.1.1 Radar Cross Section (.3-18GHz) - Radar cross section not pro-

vided. Data not available.

(U) 2.4.1.2 Microwave Signature - Microwave  signature not provided. Data

not available

(U)  2.4.1.3 Infrared Signature -- Infrared signature not provided. Data

not available.

(U)  2.4.1.4 Visibility - Visibility not provided. Data not available.

(C) 2.4.1.5 Acoustic Signature -- The airborne radiated noise signature

comes primarily from the engine combustion air inlets, propulsion exhausts

and lift fan air inlets. The total signature at a distance of one (1)

metre would be approximately 100 dB re 20pa  in the 250 Hz band.

Including spreading and absorption, a 45 dB sound pressure level in the

250 Hz band will be reached at approximately 500 metres.

(U) Target strength, dB at a one (1) yard (0.9144 m) reference distance

(dB re 1 yd.), is shown in Table 2.4.1-1 and the underwater radiated

noise signature (dB re 1pPa)  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 will probably show direction-

ality abeam and abaft the waterjets.

(C)Airborne radiated noise signature may be reduced by treating the combus-

tion inlet, propulsion exhaust, and fan inlets with additional splitters.

Underwater radiated noise signature may be reduced by suitably treating

200 -
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TABLE 2.4.1-l (C): Estimated Target Strength (dB) (U)
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(c)  the engine and fan mountings. This will reduce distinct spectral

lines, but will virtually do nothing to reduce the overall level in any
given l/3 octave band , since most of the energy in any band results

from the impingement of the waterjet  stream on the ocean's surface.

(U)  2.4.2 . HABDNBSS  -- 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): Estimated Underwater Radiated Noise Signature
(dB  re 1lJPa)  (U)

SHIP SPEED

INTENSITY

tntensity of I
Highest Line

(O-100 Hz) 180 174 1 6 8 160

Intensity of
Highest Line

( z 100 Hz) 170 i 1 6 4 lS8 1.50

Intensity of l/3
Octave Band

2 0 2
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3 / LOGISTIC CONSIDERATIONS

(U) The principal logistic elements contributing to the near term SES
design baseline are maintenance planning, supply support, ship manning,

training, technical publications, and support system requirements,

Interdependently and interacting with other requirements, these elements

affect ship sizing, light ship weight, variable load weight, and
_ -

inherent design capabilities for performing selected missfons.  The
over&l1 approach to logistics will support the near term SES design,
construction and fleet use.

(U) The support system provides the logistic support resources required to
maintain the ship in an operational readiness condition capable of
meeting the availability requirement of the missions. The logistic

support resources include personnel and training, initial and back up
Inventory of spares and repair parts, industrial support facilities

(intermediate and depot support levels) and common/peculiar support
equipment (intermediate  and depot  repair shops). These logistics ele-
ments are displayed An the support system block diagram, Figure 3-l.

The support 'system is compatible to the maximum degree possible with
U. S. Navy and other existing logistics support activities.

2 0 3
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(U)  3.1 RELIABILITY AND AVAILABILITY

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

Availability analyses (ANVCE  WP-QO8)('), 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,
MTBF and MITR  data for major components of SES Subsystems are listed in

Paragraph 3.1.3 along with a utilization factor.

(U)  3.1.1 SES UTILIZATION (Not Provided)

(U)  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 mission

uptime to total at sea time scheduled for the mission. The predicted
availability for the near term SES is high due to:

l High reliability and maintainability of the stay-stiffened

planing bow and stern seals (e.g., all seal components can be
replaced without dry docking)

e Redundancy in the Lift and Propulsion Systems

e High availability of the Electrical, Auxiliary, and Command and
Surveillance Systems

e A Design approach that emphasizes RMA

(U) The availability predictions listed in Table 3.1-1 are relative to a

mature design. Furthermore, these predictions are for a ship maintained

in accordance with  the Maintenance Concept outlined in Paragraph 3.2.
The combat functions have not been considered in computing these prez
dieted  availabilities.

(1) This is thr:  understanding derived from the 20 September 1976 meeting
at PMS-304. Rohr Marine, Inc., was to receive a "questionnaire/list
of required data" from NAVSEC. In the interim, the information
submitted in this report presents data used in the Rohr Marine, Inc.
RMA  analysis.



Table 3.1-l 00. S E S
.-

Availability Prediction for the Near Term SES (U)

SUBSYSTEM

Hull Structures

Propulsion Plant'

Electric Plant

AVAILABILITY PREDICTION

Auxiliaries Systems
Lift System

Overall Ship

(U)  3.1.3 RELIABILITY AND MAINTAINABILITY DATA -- The R/M data pro-

vided in this subsection are for only mission essential equipments. Not
listed are equipment in the combat or C3 systems with the exception of

those functions required for maneuvering and navigation. The equipment

R&M data is listed by subsystem. The following definitions apply to the
data lists:

*

‘iet

e EQUIPMENT - Major equipment group of function

l MTBF - Mean Time Between Failures, hours

l HITR - Mean Time to Repair or Restore (the times listed

include a 50 percent allowance for conditions at sea)

0 UTIL - Utilization Factor. That portion of time that the
item is in use during the mission, hours.

l NR - Non-Repairable at sea.

. .
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(U)  3.1.3.1 Propulsion Plant R/M Data

EQUIPMENT MTBF

Combustion Air Supply Heating (NR)
Combustion Air Supply
Combustion Air Supply (NR)

Gas Turbine

Gas Turbine (NR)
GTRB Lube Oil Cooler
GTRB  Luve Oil Filter - Supply

GTRB Lube Oil Filter - Scavenge
Flex Coupling (NR)
Tongue Meter

Shafting and Bearings (NR)

Thrust Reverser
Propulsor (NR)

Waterjet  - Steering

Exhaust Duct
Exhaust Duct (NR)
GTRB  Cooling Blower

Lube Oil Pump - Pressure

Att. Lube Oil Pump - Press.
Lube Oil Pump - Scavenge

Att. Lube Oil Pump - Scavenge

Lube Oil Filter/Separator
Lube Oil Control Manifold
Lube Oil Cooler
Vacuum Pump
Inlet Sensors and Control

Inlet Ramp Actuator
Inlet - Miscellaneous

Inlet (NR)
Propulsion System - Misc.

Sensors for System Control

11,500 5.0

244,000 1.5

81,300 5.0

6,450 3.0

10,500 24.0

90,000 4.5

60,000 4.5

60,000 4"5

72,780 4.0

10,000 1.5

11,600 6.0

6,150 6.0

6,700 8.0

6;150 6.0

62,000 4.5

300,000 15.0

18,250 2.25

21,800 3.0

34,500 4.5

21,800 3.0

34,500 4*5

30,000 4.5

46,730 3.0

45,000 4.5

18,250 2.25

5,000 1.5

6,100 3.7

91,000 3.0

45,000 15.0

10,000 3.0

10,000 1.5

MTTR UTIL

0.5<

1.0
1.0

1.0

1.0
1.0

1.0
1.0
1.0
1.0

1.0
0.1 <

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0
1.0

1.0
1.0

1.0
1.0

1.0

1.0
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(U) 3.1.3.2 Electric Plant R/M Data

EQUIPMENT MTBF

Engine Air Supply

Gas Turbine Generator 60 Hz
Gas Turbine Generator 60 Hz (NR)

Gas Turbine Lube Gil Cooler

Exhaust Duct (NR)
60 Hz Switchboard

60 Hz Power Panel

60 Hz Transformer
400 Hz Switchboard

400 Hz Power Panel

70,000 1.5

8,330 3.0

12,500 8.0

90,000 4.5

26,000 5.8

645,000 1.5

173,580 1.5
1,000,000 1.5

645,000 1.5
173,580 1.5

1,ooo,ouo 1.5
18,250 2.25

1,000,000 1.5

10,000 3.c
15,000 8.0
.36,000 1.5

' 28,930 1.5

43,395 1.5

400 Hz Transformer

Cooling Fan
Lighting Vital Spaces (each light)

Gas Turbine Generator 400 Hz

Gas TurE!.ne  Generator 400 Hz (XR)
28 VDC Rectifier

28 VDC Distribution Box

28 VDC Power Panel

MTTR UTIL
** ,

1 . 0

.l.O
1.0

1.0

1.0

1.0
1-O

1.0
1.0

1.0

1.0
1.0

1.0

1.0

1.0
1.0

1.0

1.0

4
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or)  3.1.3.3 Navigation and Collision Avoidance System R/M Data

EQUIPMENT MTBF MTTR UTIL

Anti-Clutter CoAlision  Avoidance Radar
ANlAPS-

Anti-Clutter Collision  Avoidance Radar
AN/APS-;116 (NR)

Surface Search Radar SPS-55

Surface Search Radar SPS-55 (NR)
Collision Avoidance Computer AN/UYK-20

Navigation Computer AN/UYK-20
Navigation Data Switchboard

SAT-NAV
OMEGA

Inertial Nav

Gyro (Types I and II)
Depth Sounder AN/UQN-4

Doppler Speed Sensor

Interior Communications
BF Transceiver

UBF  Transceiver
VHF  Transceiver

VHF  Antenna (NR)

Transfer Switchboard

1,100 4.5

10,000 3.0
1,300 2.7

12,000 1.8
2,000 0.4

2,000 0.4
2,000 1.5

500 0.75
1,500 1.5
5,600 1.0

5,600 1.0
5,700 0.75
1,000 1.5

20,000 1.5
. 1,100 0.5
2,100 0.5

2,500 9.5
25,000 2.0
16,000 0.7

.

1 . 0

1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0

0.5

1.0
1.0

1.0

1.0
0.1

1.0

1.0

209
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(U)  3.1.3.4 C3 Ship Controls R/M Data

EQUIPMENT

Wheei
Autopilot

Propulsion Power Lever Actuator
Lift Throttle

Lift Control (Ship's Control Console and
Propulsion Control Console)

Autopilot Control Display Unit

Navigation - Collision Avoidance Display

Central Processing Unit
Fire Protection Controls

Electric System Control

Fuel Elanagement Control
Auxiliaries Control

Pbwer Supply
PPI Display

PPI Display (XR)
Commanding Officer .Communications
Console

Ship's*Control  Console - Monitoring'
Propulsion Control Console - Monitoring

MTBF MTTR

5,000 1.5

1,666 1.0

5,000 1.0

5,000 1.0

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

1.0
1.0

1.0

1.0

1.0
1.0

1.0

1.0

1.5
3.0

3.0

1.0

1.0
1 . 0

UTIL

1 . 0

1.0
1.0

1.0

1 . 0

1.0

1.0

1.0
1 . 0

1.0

1.0

1.0
1.0

1 . 0

1.0

1.0 .

1.0
1.0

;.  /.
:  .  .

;
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or)  3.1.3.5 Auxiliaries R/M Data

EQUIPMENT

Air Conditioning Unit
Recirculating Fan

Mixing Box
Supply Fan
Exhaust Fan

Supply Fan - Machinery Space'

Exhaust Fan - Machinery Space

Fire Pump (NR)

Distiller
Distiller (NR)

Pump - Potable Gater

Pump - F.W. Transfer

Pump - Coolant, Electronic

Demineralizer
3-?* Heat Exchanger

Valve, Temp. Control

Pump,.Fuel  Transfer
Pump, Fuel Service

Pump, Fuel Trim

F.O. Filter
Manifold, Fuel

. Heat Exchanger -.
Mass Flow Multiplier
Valve, Motor Operated

Regulator, Air
Air, Receiver

Hydraulic Pump - Att.
Hydraulic Pump - Motor Drive

Filter, Hydraulic
. Cooler, Hydraulic

Control, Hydraulic System-.e
$

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,O

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

1.0

1.0
1.0

1.0
0.5

1.0
1.0

1.0

1.0
1.0

0.3 /
1.0.

0.5 /
1.0
0.75

1.0
0.1

0.05 <

0.05

1.0
1.0

1.0

1.0

1.0

1.0

211
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cm 3.1.3.5 Auxiliaries R/M Data (Continued)

EQUIPMENT MTBF MTTR UTIL

Regulator, Hydraulic Resevoir 23,365 3.0 1.0

Anchor Windlass (NR) 3,350 5.0 0.05

Capstan Mooring (NR) 3,350 5.0 0.05

Fuel, Probe-Receiver 50,000 3.0 0.10
Pollution Control System 10,000 3.0 1.0
Hangar Door - Actuation 10,QQO 4.5 0.05

Hangar Door - Manual 10,000 4.5 0.05

Sensors for System Control 10,000 4.5 1.0
Auxkiaries  - Misc. 5,000 3.0 1.0
Fire Detection 2,000 1.5 1.0



U N C L A S S I F I E D

Q.I)  3.1.3.6 Lift system R/M Data

EQUIPMENT

Gas Turbine
Gas Turbine (MC)

GTRB Cooling Blower
GTRB Lube Oil Cooler

GTRB Lube Oil Filter - Supply

GTRB Lube Oil Filter - Scavenge
Torsionmeter

Exhaust Duct (NE)

Reduction Gear (NR)

Pump - Lube Oil Pressure

Pump - Lube Oil Pressure - Attached

Pump - Lube Oil Scavenge

Pump - Lube Oil Scavenge - Attached

Filter Separator - Lube Oil

Control Efanifold  - Lube Oil

Lube Oil Cooler
Vacuum. Pump

Shafting & Bearings (NR)
Demister I

Lift Fan
Lift Fan (XR)
Shut Off Control Valve

Control - Ride Control Valves

Ride Control Valve

Bow Seal (RR)
Stern Seal (RR)

Bow Seal Retract

Control - Bow Seal Ret.

Stern Seal Retract
. Control - Stern Seal Ret.

Misc. Valves 6 Piping

Sensors for System Control

Transfer Valves

MTBF MTTR

6,450 3.0
10,500 24.0

18,250 2.25
90,000 4.5
60,OOG 4.5
60,000 4.5

10,000 1.5
26,000 5 . 8

188,000 8.0
21,800 3.0
34,509 4.5
21,800 3.0
34,500 4.5

30,000 4.5
46,730 3.0
90,000 4.5

18,250 2.25
41,000 6.0
23,200 1 . 5
28,190 3.0

8,000 18.0

5,900 4.5

10,000 3.0

5,900 4"5
6,965. 4.3

6,9i5 4.7

9,120 4.5

5,000 1 . 5

9,120 4.5

5,000 1.5
10,000 1.5
10,000 1 . 5

5,900 4.5

UTIL

1.0

1 . 0

1.0
1.0

1.0

1 . 0
1.0

1.0

1.0
1.0

1.0

1.0

1 . 0

1.0
1.0

1 . 0
1 . 0

1.0
1.0

1.0
1.0 '

1.0

0.1 L
0.1 L

1.0

1.0
0.05/

0.05 A
0.0s L.-.

0.05 AI--

1.0
1 . 0

1 . 0

2 1 3
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(U) 3.2 MAINTENANCE CONCEPTS

In consonance with the 3RSRS  %R,  the maintenance concept for meeting the ohjec-

tives  and availability goal is to: ('J)  perform the preventive/corrective main-

tenance on critical equipment onboard;@)  accompltsh  the emergency repair of

non-critical equipments with helo  provided (VERTREP) augmentation from
the intermediate level support resources; and (3) defer/schedule all non-essentil

equipments/components maintenance for in-port availabilities. For design

purposes, particular emphasis was to be given to: (1) maximization of the

use Of existing and projected Navy equipments to permit use of standard
maintenance procedures and supply support, (2) use of performance/condition

monitoring for detecting incipient failures for critical equipments, and
(3) provisions for equipment accessibility to support a component/module
replacement strategy. The replacement strategy includes scheduled replace-
ment, replacement on condition, and replacement at failure depending on the
subsystem/equipment criticality. Therefore, the maintenance concept in support

of near term SES availability and mission is based on a number of

objectives and constraints.

(U)  The maintenance objectives of the near term SES are:

0 Support the SES in the achievement of assigned test and
demonstration missions while assuring safety of ship and

personnel, and meeting availability requirements,

0 Use the inherent maintenance capability of operator personnel.

0 Minimize shipboard maintenance manning.

0 Minimize "at sea" repair to the vital and critical equipments
and components.

0 Minimize ship carried weight of logistic resources,

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

0 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.

2 1 4
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0 Use the replace and restore concept to the maximum, vice piece-

part repair.

0 Provide adequate accessibility  for servicing to minimize
secondary removals/replacements.

0 Maximize the use of existing and projected Navy equipments
to permit use of standard maintenance procedures and supply

support. Navy rotatable pool stocks will be used as applicable.

0 Achieve incremental subsystem overhaul by maintenance actions
and scheduled replacement of subsystems accessories and related

auxiliaries consistent with the major item replacement cycle.

CU)  The maintenance constraints placed on the near term SES are:

0 Accomplish both preventive and corrective maintenance actions,

to the maximum extent possible, while in port.

0 In view of the perennial need to minimize shin weight, a
single item weight limitation of 160 Lbs (711.72 N), will relegate

a few "potentially repairable at sea" maintenance tasks, on
critical equipme;?ts, to a non-repairable at sea category.

0 At sea maintenance shall be limited to that required, consis-

tent with ship speeds and sea states.

2 1 5
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(U)  3.2.1 INTERMEDIATE LEVEL SUPPORT -- Intermediate Maintenance

Activities (IMA's) will accomplish PM not within the capacity of the ship's
crew. The IMA will provide condition monitoring services not otherwise
within the capabilities of the monitoring equipment aboard ship, during

upkeep or Maintenance Availabilities'of the ship. Intermediate-level
maintenance for the near term SES will include support from shore based and afloat

Intermediate Maintenance Activities. .

(U)  3.2.1.1 Shore Based"Intermediate  Facilities  -- The shore based- _ .
intermediate level support will provide the following types'of facilities
to meet the operating, maintenance, training and supply support requirement
of the near term SES:

0 Operating pier -- will provide for safe and efficient
mooring of the ship for servicing, maintenance and/or

testing. The mooring provisions will be designed to be

specifically compatible with the ship, An unobstructed
access and a sufficient depth nf water are required.
Bits and chocks will provide the capability of withstanding

wind loading up to 100 knots (51.44 m/s). Compatible
dockside fittings for fueling/defueling,  fresh water,

compressed air, 60 and 400 Hz electrical power and tele-
phone connections to the SES will be provided. Crane

services for loading/unloading equipments/components and
materials, gangways  and/or ramps for personnel access/
egress will be provided. Emptying the collecting/holding
tanks (CRT) of sewage and other liquid wastes will be
accomplished by appropriate sludge barges and receiving

vehicles. Solid trash (compaction) disposal will be provided.

0 Intermediate level maintenance ships/capability such as:

(1) Ship fitters/welding/pipefitters

(2)  Mechanical - pumps/auxiliary machinery

(3) Electrical - generators/switchboards _
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(4) Electronics/test instrumentation

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

(6) Operational computer program maintenance

0 Training classroom8

0 Supply warehousing and storerooms

0 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., personnel
skills, special tools and test equipment, spares, etc.).

-3 (U) 3.2.1.2 Afloat Intermediate Facilities -- The afloat intermediate.$ 4
level activity will provide the following types of maintenance shop/
capability support:

0

0

0

0

0

(In 3.2.2

Ship fitters/welding/pipefitters

Mechanical - pumps/auxiliary machinery

Electrical - generators/switchboards

Electronics/test instrumentation \

Underwater inspection/repair support shop,

including photographic service.

DEPOT LEVEL SUPPORT -- Depot-level support maintenance of

the near term SES will include the following:

0 Preserving the underwater body, and maintaining sea-connected

tanks, valves, pipes, and fittings.

2 1 7
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0 Performing repairs requiring heavy lift capability and,  special

tools and test equipment (examples: bow/stern seals, radar

antennas, gas turbines, waterjet  propulsor, electrical generators).

0 Removing, installing, and testing certain equipments identified

as stock rotating spare items (example: main propulsion and

lift gas turbines),

0 Stocking and repairing designated stock rotating spares items
at selected depot maintenance activities.

(U) The  depot level support will provide a dry dock and the necessary work shops
for systems/equipments for overhaul and/or repair beyond the capability of
the intermediate maintenance activity. The depot level support will provide

general workshop and drydock  facilities and services.

3.2.2.1 General Workshops -- Depot level maintenance shops/capability
will provide maintenance for the waterjet  propulsor, lift fans, seals, struc-

tural/welding, computers , consoles and related electronics, and gas turbine

generators. A Naval Rework Facility is required for gas turbine mainte-
nance. Overhaul points for communications, sensors, computers, displays,

and related electronics must be designated. A facility, either Government
or Contractor, is required for the maintenance of operational computer
programs.

(U) 3.2.2.2 Drydock -- A safe and efficient facility capable of dry-
docking the ship. Cranes, temporary pdwer, compressed air, fresh water,

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



0.0 3.3 OVEEHAUL  CONCEPT

Regular  overhauls, as now understood, are to be eliminated by intensive

use of the upkeep periods as maintenance availabilities. The near term SES will

employ the concept of progressive overhaul. Equipment replacement and

alteration will be accomplished progressively during relatively frequent
maintenance availability periods of short duration. Dry-docking will be

accomplished, primarily to provide for major emergency repairs and/or
ship alterations. The ship system will be designed to be capable of inere-

mental overhaul of its subsystems and subsystem accessories and related
auxiliaries. Operational usage and schedule replacement will be consls-
tent with the major item replacement schedule.

OJ) 3.3.1 SCHEDULING (Not provided)

u-9 3.3.2 PIPELINE REQUIREMENTS (Not provided)

w 3.3.3 SHIPYARD OVERHAUL FACILITIES (Not used; see Section 3.2.2)

w 3.3.4 LAND-BASED TEST FACILITIES <Not provided)

(U) 3.3.5 MAINTENANCE PKOGBAM  INTERFACE (Not provided)



(U> 3.4 SUPPLY smom  ~ONOEPT

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. Within the permissible

volumetric and weight limits, the near term SES design provides the necessary

supply support capability. The design supports the requirements for
10  and 15day  missions in accordance with LSRS  TI,R  mission  profiles.  A salient

design consideration is the frequency of underway replenishment, including
helicopter (VERTRRP)  delivery of required lagistics  resources, and the

requirement for underway refueling.

(U) The supply support concept provides material support for the assigned
miss ions. The support includes initial outfitting of provisions, medical
supplies and spares and repair parts as well as replenishment,

(u) The supply concept provides for the fitting out of the SRS.
It provides for the material to be assembled in a shore warehouse prior to
loading on board. The 3 Iading  of spares and repair parts and equipage  will
be kept to a minimum consistent with space and weight constraints, neces-

sary to support availability and mission requirements. Tailored loads
of support for specific missions will be utilized,. -

(U) Replenishment for all repaitables, consumables, and spares

will be provided through underway Replenishment Groups at sea and through
normal resupply methods in port. Supply requirements, for at sea emer-

gencies, will be accomplished by the utilization of helicopter deliveries.

Maximum utilization of in-port delivery for all repairables, cansumables,
and spares, will be a program objective.
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m 3.4.1

on 3.4.2

oJ> 3.4.3

(U) 3.4.4

MODIFICATIONS TO MOBILE LOGISTIC SUPPORT FORCE SHIPS
(Not provided)

UNIQUE SHORE FACILITIES (Not used; see Sections 3.2.1 and

3.2.2).

UNIQUE REPLENISHMENT TECHNIQUES (Not provided). .

UNIQUE SUPPLY SUPPORT PROCEDURES (Not provided)
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(U)  3.5 RUMAN  ENGINEERING

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

(U)  3.5.1 DESIGN OF WORK STATIONS - The pilot house, chart room,

Central Operating 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

display-control consoles to allow minimum manning 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.

(U)  3.5.2 MAINTENANCE ACCESS -- All ship spaces and equipments
within these spaces were analyzad  to determine if sufficient space had

been allocated for both corrective and preventative maintenance. The
analysis revealed that all subsystems and equipments can be installed,
serliced  and removed with a minimum of effort. Particular attention
was given to the waterjet  propulsors, propulsion gas turbines, lift
gas turbines and the lift fans with regard to maintenance removal

requirements.

@) 3.5.3 HABITABILiTY -- The point design was compared 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 messing.
The crew living areas occupy a single deck to minimize the need for

crew members to move 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 minimize the use of ladders; (2)  within

the constraints of crew/GPO  officer off-duty separatlon, the best
possible adjacency between mess rooms, recreation rooms, and berthing

2 2 2
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(U) spaces, has been provided; (3) sanitary spaces are located within the

-1fving  spaces,

(U)  Noise/thermal separation between living and machinery spaces ensures a
more comfortable off-duty crew environment. Off-duty spaces are separated

from machinery spaces/engine rooms by passageways, storerooms or other

effective noise and thermal barriers. This lessens ship weight

allocation for insulation material while improving habitability.

W The ride quality to be expected by the crew at higher sea states, in

combination with higher ship speeds, was examined. Large amplitude

vertical accelerations can exceed human tolerance levels to a point
where human performance can be affected. To ensure that human per-

formance is not degraded, Human Factors developed ride criteria limits
that were used to verify the adequacy of the ride control system in
lim.iting  vertical accelerations within the operational sea state and

speed envelope.
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3 . 6 SYSTEM SAFETY

The primary intent of safety program requirements is the elimination 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 lift, 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 maintenance phase is

euqally important.

3.6.1 PRELIMINARY HAZARDS  ANALYSIS -- The entire ship design
was reviewed for gross hazard failure modes. Design characteristics
singular to the SES were given emphasis. A major effort was placed on

hull arrangement and structure, lift system, seals, waterjet  pump, fire
protection integration, operation and maintenance hazards, selected
control aspects, and outfit and furnishings.

In most instances, operational ambient failure conditions were defined
to aid the designer in eliminating a hazard, rather than relying on
preventative manned reaction and cautionary training. Where ship critical

or catastrophic conditions were predictable, equipment failure modes and
personnel hazards were examined as possible sequences or parallel events.

Closely examined were seals, the lift system machinery, fire detection,
and extinguishment integration, selection of passive fire protection
materials, and personnel protective gear for use while underway,

3.6.2 SAFETY TRADE-OFF STDDIES -- System Safety Personnel
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



(U) bulkhead 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 with a stainless

steel face shield backed-up by varying thicknesses of fiberfrax.

(U)  Auto/remote/local Halon  1301 fixed flooding with interconnect

capability, and HI-X foam generators for back-up are used in fire

suppression. Critical electronic spaces are similarly protected except

without Hi-X foam. All other ship spaces are protected with standard
Navy fFre  extinguishing systems. For example, the Helicopter hangar

and flight deck are protected by AFFF foam sprinkling and hose reels
and the torpedo room and missile stations with seawater sprinkling,

(U)  3.6.4 LIFT SYSTEM AND SEALS -u The ride control and lift system

design and development has been under continuous surveillance for its

safety impact. Maintenance access and interlocking alarms into the
fan compartments 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,

(U)  3.6.5 RIHE  CONTROL -- Safety features for maintaining control

of body motions 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
maintenance activities are minimal while underway in high sea states
to minimize personnel injury from random vertical accelerations.

(U)  3.6.6 HELICOPTER 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 fs  readily available.



OJ)  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.

(U)  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 avotds  radiating energy into the Pilot House, compared to possible
alternate locations farther aft and closer to the 01 deck.
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4 / TECHNICAL RISK  ASSESSMENT

(U) One of the design objectives has been to incorporate standard practices

and parts to the maximum degree. Equipments developed and available from

existing Government inventory have been preferred over new equipments

to be developed. Qualification by extension of existing designs has

been used to the extent practicable in lieu of development of new items.
. . . .

(U) The ship configuration is a viable concept and can be developed with

minor or acceptable levels of risk. Furthermore, the near term ANVCE

SES has been configured to accept further design alternatives which may

enhance ship performance, utility and reliability. The overall technical

risk is assessed as follows:

(U) Hull Structure -- The hull is designed to realistic worst case loading

conditions forecast to occur within the ship lifetime. The materials

are commercially produced aluminum alloys which have been utilized in

existing Navy ships, such as the PHM and SES-100B.  The baseline configura-

tion is conventional with state-of-the-art details to minimize construc-

tion risk. The hull as presently configured is producible, cost effective,

and adequate to perform the specified mission.



(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 developmental status, respectively. The transmission design

features high state-of-the-art reliability and performance. The waterjet

propulsor and inlet design  has been optimized on the basis of extensive

analysis and sub-scale tests. All other components are typical of PUM,

SES-lOOA,  and XR-ID practice; are presently available and proven in

service.

(U) Electrical System -- The baseline system design can be implemented with

off-the-she&? equipment. The design is low risk, cost effective, and

will provide satisfactory and reliable performance with high confi-

dence.

(U) Command, Control, and Communication (C3> -- The C3 systems are comprised

almost entirely of Government Nomenclatured  Equipments with attendant

low risk in their use, The only potential risk is RF coxmnuni-

cations during on and off cushion ship operations that would effect the

antenna ground plane. The risk associated with other C3 equipment is

low or well within the state-of-the-art and absorbed by substantial,

funded ongoing programs.

(U)  Lift System -- The LM 2500 gas turbine is a production unit used in other

marine applications. Lift fan development is based on extensive subscale

testing. The other elements of the air distribution system are typical

of present gas turbine ship installations and within the present state-

of-the-art. The advanced bow and stern planing seals have proved

highly successful in sub-scale tests. While there are no historical

research or performance data on this particular SW application, full-

scale loads analysis and materials selection indicates that'all  consi-

derations are within the state-of-the-art.

.I



(U) Outfit and Furnishings (O&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&F on conventional Navy ships. Passive thermal/fire and

acoustic protection systems are based on extensive testing and material
evaluations, The risks associated with their application will be

minimal.

(U)  Combat System -- The risk is that associated with ongoing Government
development of the combat system equipments. The interface design risk
is low.

2 2 9
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APPENDIXA

DESIGN PROCESS

(U) The various near term ANVCE Point Designs will be arrived at from
different technology bases. Different standards, criteria and
assumptions are used because of the different program offices and other
Navy organizations involved. For example, structural safety factors
between different vehicles are not the same, weight margins are

frequently different and different ambient conditions may be assumed
in quoting engine performance.

(U) The near term SES point design concept outlined in this report adheres,

wherever practicable, for consistency to information ,provided  in such

ANVCE documents 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 Guidance

0 WP-005A - dated 13 August 1976 - "Point Design Description"

0 UP-002 - dated 2 April 1976 - "Definition of Terms'

A-l



ANVCE Supplementary Documentation

0 "Design Standards for Surface Point Designs, Revision A",

ANVCEMemorandum  90-76,  dated 10 August 1976

(U) WP-OOSA was used as the basis for the data developed in this report and
was assumed as having precedence over other stated documentation require-
ments 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
Appendix 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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(U)  A.1 APPROACH

For a basic vehicle configuration and the major subsystems, several
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 Modification -- development of characteristics based

on small changes to an existing vehicle

0 Synthesis -- development of characteristics based  on
design data, parametric analysis and theoretical
investigations

(U)  The approach primarily used for the Rohr version of the ANVCE  near term

SES Point Design is modification 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.

A-3
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(II)  A.2 DESIGN CRITERIA

-Those pertinent design criteria, standards and assumptions used in the

Point Design are provided in the following areas: hull structure,
propulsion, electrical plant, command and surveillance, auxiliary

systems, lift system, outfit and furnishings, armament, loads, weight
margins, and vehicle. Tabular forms and references are used as

appropriate in the sections that follow for each of these areas.

OJ)  A.2.1 HULL  STRUCTURE -- 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  life anywhere within

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 minimum
yield strength and 1.80 on the ultimate strength:

0 Load Case 1 -- Cushionborne, Operational - This case is
based on on-cushion operation anywhere within 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, High 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 mode, operational
maneuvers to alleviate loads and motions would be deemed appropriate, The

A-4
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(U)  safety factors used for the following two conditions are 1.0 based upon
the minimum yield strength and 1.50 based upon the ultimate strength:

0 Load Case 4 -- Hullborne/Lift  System Failure in High
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 -- Hullborne/Lift  and Propulsion Failure in

High Sea States - This condition is for lift and pro-

pulsion system failures in sea states 6 and above. Speed

is considered to be zero, but there is no restriction
upon heading.

(U) A final load condition considered was for ship damage with subsequent
flooding. The safety factor applied was 1.20 on the minimum ultimate

strength. No safety factor is used for yield strength since the ship

would already have suffered structural damage; therefore, local
yielding was permissible.

0 Load Case 6 - Damaged Ship - This condition is for the
ship suffering maximum damage (two compartments flooded).

Still water bending moments are considered along with
hydrostatic loads due to flooding to the "V-Lines".

(U) The3KSEShull  structure is designed to the predicted maximum once per
lifetime loads that the ship will experience in a twenty-year life.

These loads are not considered singly since those sea and weather
conditions which produce the most severe loads, such as longitudinal

bending, also produce other associated loads, such as shear, torsion
and those due to hydrodynamic 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
maximum cushionborne bending moment and the shear, hydro-

dynamic pressures and vertical accelerations associated with

A-5
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(U)  Load Case I.. The loads resulting from the conditions of Load Cases 2,

3 and 4 are presented in Figures A.2.: -3, A.2.l-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 complex to discuss

in this document, However, the hydrostatic heads associated with
flooding to the V-Lines were the loads which determined the scantlings

of many structural elements.

(U) While the hull structure is adequate to withstand the aforementioned

lgads  with the safety factors specified in the load cases, the hull
structure was originally designed to somewhat higher loads but lower

required factors of safety. These high loads were the result of

off-cushion ship operation in high sea states (sea states 6 through 9).
Model testing and analysis demonstrated the advantage of partial-

cushion operation in those high sea states, and this mode has
been adopted for operation in that portion of the operational envelope.
With completely off-cushion operation in sea states 6 and above due
to an emergency, such operational maneuvers as implied by the speed
and heading restraints of Load Cases 4 and 5 are deemed appropriate.

The near term SES hull structure adequately withstands the developed
loads and adopted factors of safety.

OJI 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
welding techniques. Basic joint design, along with controlled and

scheduled welding and an in-service failure prevention plan, should
assure a safe operational lifetime.
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Shear Loads, Bending Moments, and Vertical Accelerations
Corresponding to Load Case 3 (U)
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Figure A.2.1-5  (U): Shear Loads, Bending Moments, Hydrodynamic Pressures, and

Vertical Accelerations Corresponding to Load Case 4 (U)
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{CT)  A.2.2 PROPULSION -- General design criteria for the near term SES

propulsion system includes maximization of performance, reliability,

maintainability and simplicity. The propulsion machinery spaces are

designed to accommodate either G.E. -LM2500  or P&W FT9A-2A  gas turbine
engines. Specific design criteria applied to the point design are:

0 All machinery accessible for maintenance off-cushion

without dry-docking, No corrosive air/water interfaces.

0 Short, straight drive shafts with no alignment and
vibration problems. Flexible couplings to absorb

dynamic misalignments.

0 Overspeed gas turbine engine control for protection
against propulsion inlet air ingestion without complete

engine shutdown.

0 Non-redundant link mounted propulsion components. The

link mounted propulsor has less deflection than a gun
mount. This simplified alignment, steering, and
reversing interface and reduces vibration problems.

0 Low loss combusion  air inlet system designed for 2.9 inches

(7.36 cm) H20 loss for LM2500  and 4.9 Inches (0.12 m)
H20 loss from FT9A-2A  installation. Sufficient interval
flow area to install a three stage inertial coalescer-
interid  moisture separator operating at a face velocity

of 17.5 ft/sec  (5.33 m/set).  The total salt ingestion
goal isO.  ppm with a projected water wash interval

of 450 hours. Capability to withstand a 4 foot (1.22 m)
wave of green water on the 01 level without demister
flooding and resultant breakthrough. Sufficient volume

forward of the engine bellmouths 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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(U> 0 Low loss propulsion exhausts - the design criteria for
sizing the exhausts is based on obtaining maximum net

thrust to the ship with low weight, back pressure, fuel
consumption and jet thrust within a maximum limit of

6 inches (0.15 m)  H2C*

0 Acoustically treated intake and exhaust to meet Navy
Category E requirements on the flight deck.

0 Anti-icing system designed to provide protection to

-2O'F  (-28.9%).

0 Engine cowling designed to lim.Lt  potential personnal

contact areas to 125'F  (51.7'C).

0 Minimum number of moving parts in the flexible ramp roof

variable area waterjet  inlet. Smooth roof contour at

any opening position. Vented roof cavities and pressure

balanced to reduce structural loads and weight. Symmetrically
configured bifurcated duct for low velocity distortion,

0 Propulsion inlet designed to provide cavitation free

operation to ship speeds exceeding the maximum ANVCE
specified speed.
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(U) 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 uncomplicated and flexfble  system featuring minimum weight, cost,
and fuel consumption. The current design highlights the following:

Adequate generated power, measured by operating

margins, off-line reserves, and power quality

Weight and envelope minimization

Environmental compatibility

Minimal technical risk

Interface compatibility with ship structure

Adequate RMA and Safety considerations

Use of proven components where practicable

Use of standard Navy design precepts for the
power distribution system

(U)  The system design philosophy emphasizes the criticality of a continuous
source of electrical power, with judicious minimization of system
weight, envelope size, and cost of components and installation. Every
effort is made to strike a proper balance between innovative and
traditional design. Modernization to include superior materials or
components is encouraged, particularly where significant benefits accrue

in reduced life-cycle costs, enhanced safety, or performance improve-
ments. A number of standards were incorporated in the design
methodology to ensure suitability for Navy use and compatability  with

the anticipated  marine environment. Among these were:

MILITARY SPECIFICATIONS AND STANDARDS

MIL-E-917 Electric Power Equipment, Basic Requirements
(Naval Shipboard Use)

MIL-STD-454 Standard General Requirements for Electronic
Equipment

A-14
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MIL-STD-1399/  Interface Standard for Shipboard Systems Section
1 0 3 103 Electric Power, Alternating Current

MIL-S-16036 Switchgear, Power, Naval Shipboard

NIL-C-17361 Circuit Breakers, Air, Electric, Insulated

Enclosure (Shipboard Use)

MIL-C-17587 Circuit Breakers, Air, Electric, Open Frame
Removable Asskmbly  (Shipboard Use)

MIL-C-17588 Circuit Breakers (Automatic - ALB) and Switch,
Toggle (Circuit Breaker, Non-Automatic - NLB),
Air, Insulated Enclosure, 125 Volts and Below,

AC or DC, Naval Shipboard

MIL-G-3124 Generator, Alternating Current, 60-Cycle (Naval

Shipboard Use)

MIL-G-21480 Generator System, 400 Hz AC, Aircraft

MIL-G-22077 Generator Sets, Gas Turbine, Direct-and
Alternating-Current, Naval Shipboard Use

0902-001-5000 General Specifications for Ships of the U. S. Navy
(GSS); Naval Sea Systems Command (NAVSU)

DDS-300-2 Design Data Sheet, AC Fault Current Calculations

DDS-311-3 Design Data Sheet, Ship Service Electric Power
System, Application and Coordination of
Protective Devices

DDS-304-2 Electrical Cables, Rating and Characteristics

DDS-311-Z Design Data Sheet, Voltage Regulation for AC
Ship Service Electric Power Systems
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(u) 8.2.4 COMMAND AND SURVEILLANCE -- The Combat System, including

.command  and surveillance, armament and navigation and collision avoidance,

was dictated by the 28 May 1976, LSES Top Level Requirements Document.
Equipment lists were provided by the U.  S. Navy.

(U)  The Ship Control System design was based on utilization of existing,
approved equipments, such as FFG control system components and the
AN/UYR-20  computer, to provide integrated control of ship operations,

damage control, and auxiliaries and ship plant monitoring by a minimum

of crew members.
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(U)  A.2.5 AUXILIARY SYSTEMS

(U)  A.2.5.1 AIR CONDITIONING -- Requirements for the near term SES
air conditioning system are:

o The decentralization of the air conditioning system by

dividing the load in small serviced areas, and by using
the fan raoms  to accommodate the cooling/heating/fan in-

tegral units.

o Replacement of the chilled water system by straight air

and hot-cold mixing boxes, and selection of lightweight
foam type reinforced materials for ducting.

o Existence of state-of-the-art components already qualified

by commercial and/or military requirements and in actual

operation.

The results foreseen are:

o Pseudo redundancy, since failure of one unit

will bring only fractional failure to the
subsystem.

o Weight savings inherent to aircraft components.

o Energy savings by proper management and more
efficient equipment.

o Reliable system by the use of qualified
components.

(u) ~.2.5.2 LUBE  SYSTEM -- A number of subsystems on board require
lubrication. The prime thermal drivers for propulsion and lift and the

electric power generating units will be self-contained; others like
propulsion gearing, power transmission, waterjet  pump and lift gearing,

fans and power transmission will require dedicated lube subsystems.

A-17

U N C L A S S I F I E D



(U)  The concept of a single centralized lube system versus multiple, dedicated
.systems was analyzed on the basis of: weight, cross contamination,

cooling requirements, length of lines and bulkhead penetrations involved,
reliability, and redundancy. Decision was made to employ the multiple,

dedicated systems conceptual approach.

(U)  The standard way of using cooling seawater should be accepted only if
it does not demand extra loading on the seawater subsystem, as for pro-

pulsion gear-pump units where water is available from the waterjet  pump
(second-stage cavity). The lift system should employ air as cooling media,
and the location of the heat exchanger (oil to air) should be established

(inlet or outlet of fans).

(U)  Pre- and post-operation lube oil circulation should be provided, as well
as standby lubrication to assist main lube pump in low speed operation.

The aeration of lube oil should be considered and the quality of lube
oil should be closely controlled. High 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 components.
A closed lube system should be compared with alternate schemes.

(u)  Short coupled lines should be used as exemplified by advanced systems
used in other industries (petrochemical), and the clustering of fittings
and components should be replaced by functional manifolds. The material

for transmission lines should be compatible with that for gears and
bearings, and should reflect low weight, fatigue strength compatibility
and ease of handling. The lines should be supported by resilient mounts.

(U)  The results foreseen from this approach are enhanced system functioning,

weight savings, energy savings (by using cooling media already available),
and improved reliability by use of qualified components, practices in

other industries, and application of naval operation experience.
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(U) A.2.5.3 SEAWATER SYSTEM -- An integrated seawater system serves
firemain, seawater service and sprinkling functions with an appreciable

weight reduction. Additional weight savings were effected by installation
of an open horizontal loop, i.e., elimination of the wet weight cross
connection.

(U) Installation of GRP piping for seawater, auxiliary system and wet firemain
removes corrosion problems and effects weight savings of approximately

one-third, compared to that for an equivalent copper-nickel system. Com-
ponents to be used are readily available and qualified for marine use.

(U) ~.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 osmosis versus one of the several types of dis-
tilling processes. The inability of presently available reverse osmosis

units to meet the salinity requirements of the general ship specifica-
tions prohibited its use.

(U) The trade-off of potable and fresh water systems involved investigation

of components and configurations possessing potential weight savings.

This led to the selection of vacuum-assisted water closets and low 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 pumping capacity requirement. Further weight reduction was ob-
tained with GRP piping,

(U) 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

n

40 GPM (25.24 mm'/s)  per accommodation. The fresh water storage tonnage

was reduced by restricting the utilization of fresh water (demineralized)

to gas turbine engine washing and to make-up water for the auxiliary fresh
water electronic cooling system.
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(U)  The selection of electrical power (in lieu of gas or steam) was made
-upon  its ready availability. The 400 Hz supply was selected for all
pump motors, on the basis of weight savings over 60 Hz types,

(U) ~.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 compression, submerged tube, and flash. Each was eval-
uated in the trade process of optimal design selection.

(U) A.2.5.6 FUEL SYSTEM -- The fuel system performs the following

functions: provides fuel of proper quality to all the thermal drivers
for propulsion, lift, and electric power generation provides CG loca-

tion management by using fuel transfer as a means of trimming; provides
storage and service of fuel for the aircraft on board.

(U)  Designated tanks are established for: trimming and storage, storage,

service for on board equipment, 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 with mechanically assembled 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 must have defined times for the close-to-open or open-

to-close cycles to avoid hammering. 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.

(U) The quality of the fuel should be closely controlled by use of high
capacity filters for particulate contamination 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
componnets and materials , and reliability by the use of redundarzy  and
qualified components.

(U)  A.2.5.7 COMPRESSED AIR SYSTEM -- The compressed air system per-
mits propulsion and lift turbine starting. It supplies air for actuation
of back pressure valves, exhaust gas transfer valves and propulsion en-

gine exhaust doors, and for miscellaneous uses as required. Weight
reduction of the compressed air system was acheived by starting the GTG's
by electric battery power. Several tons of high pressure charged air
bottles were thereby eliminated. Practically all of the compressed air
system components would be selec,$zd  from available and qualified light-.

weight components.

(U)  A.2.5.8 FIRE EXTINGUISHING SYSTEM -- A trade-off study was made to
provide the design criteria and rationale for selection of the best flood-
ing extinguishing agent. CO2 and Halon  1301 extinguishing systems were
compared, and a Halon  1301 system was found to require less weight and
to discharge a much shorter time as shown here:

I
I
I Total

I j Compart-
Quantity

!
I

o f Discharge
1 Agent ;

/Toxicity
ment Time1 Agent Weight 'Class

I

: co2 j 5000 Ft3 250 Lb 90 Set 825 Lb 5a
f ; (850 m3) (1.11 kN) (3.67 kN),
I1 I
: Halon  j 5000 Ft3 1 141 Lb 10 Set
; 1301 :
I

(850 m3) 1 (627 N)
263 Lb j 6

I
l(1.17  kN)(

-I-_
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(U)  A.2.5.9 HYDRAULIC SYSTEM -- The choice of hydraulically-powered

actuators/motors in lieu of either electrical or pneumatic equipment

included weight, performance , cost, compatibility of design, installa-

tion and environment factors in each application. A trade-off study

indicated a weight saving of several tons by employing hydraulically-
powered -equipment. The studies resulted in selection of the following

system features:

o Hydraulic Fluid: MIL-H-83282 was selected due to its

ability to be operated at fluid temperatures up to 400'F
(204'C);  it is a synthesized hydrocarbon fluid that is

interchangeable with MIL-H-5606.

0 System Pressure: 3000 psi (20.68 kPa) is recommended

as the system pressure; it is the most widely used high
pressure, and consequently, a great variety of qualified
components are marketed from which to choose.

o Optimum Fluid Temperature: A fluid system temperature between

100 to 130'F  (54'C) is recommended for stable fluid operation.

0 Pump Selection: Variable displacement constant pressure

pumps of aircraft type were selected for lightweight and
input horsepower economics proportionate to flow rate.

o Reservoir: Pressurized reservoirs (bootstrap type)
are substantially lighter and require less stored
fluid (fluid weight alone is reduced by 1600 lbs

(7117 N) minimum). These reservoirs are sized to
deliver the required pump inlet pressure and maintain
the entire return system pressurized which avoids ex-

ternal contamination.

o Rigid Tubing: CRES 304 is the selected material; it is

readily available in the required diameters, relatively

easy to bend and weld, and is appreciably less costly

than tubing made from 21Cr-6Ni-9Mg.  Welding was selected
in preference to the use of fittings in the interest of
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minimizing leakage. Welding is also preferred to brazing
on the basis of fabrication and inspection considerations.

o Flexible Tubing: Flexible tubing is Teflon-lined to avoid

static charges and dirt contamination associated with
rubber (which also "sluffs off" particles which can dam
servo valves).

o Cleanliness and Filtration: Hydraulic fluid cleanliness
must be enfor,ed,  fluid must be purchased to Class 1, com-

ponents must be clean to Class 2 prior to installation, and

the entire system must be maintained at Class 3 by adequate
on-board filtration.

(U) ~.2.5.10 POLLUTION CONTROL -- The pollution control systems are
for wastewater and oil. Wastewater includes sewage (human body wastes,

blackwater, 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.

(U) A weight trade-off analysis for the marine sanitation device was made
on the basis of a one-day operational period to disclose a weight saving

through use of a no-discharge type compared to a flow-through type.
A waste oil tank, sized for a 1%day  mission provides storage of collected
waste oil from machinery and equipment drains for subsequent disposal at

a shore facility, thereby conforming to the zero oil discharge regulation.

A-23

U N C L A S S I F I E D



UNCLASSIFIED

(U)  A.2.6 LIFT SYSTEM

(U) A.2.6.1 AIR MANAGEMENT -- The design criteria applie,1  to the

development of the near term SES lift system air management concept
were:

0 The total nominal cushion flow rate at low sea states,

to be 37,500 CFS (1061.88 m3/s).

0 The cushion pressure for a 3KSES point design would be
342 PSF (16.38 kPa).

0 Approximately l/3 equal parts of total air supply to be
delivered to the bow seal, cushion and stern seal.

0 A system efficiency shall be at least 75 percent.
The system efficiency is defined as

(PC  x Q)/S50
BHP x 100

where P
C

= cushion pressure at rated design

Q = total cushion flow

BHP = prime mover horsepower output

0 All machinery should be capable of withstanding the following
ship acceleration levels in g's: 6 up, 4 down, 2 forward,
3 aft and 0.5 thwartships.

0 The lift system should have a minimum availability factor
of 0.9285. Availability is defined as the ratio of
mission uptime to total planned mission length.

0 There would be no requirement for blast resistance.

0 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 components in a marine environment with
the goal of producing high strength-to-weight ratio components

with a correspondingly high reliability.

0 Mechanical vibration requirements for all ship machinery and

equipment would be in accordance with Section .073c of the

GSS.

(U) In support of these criteria, thirty-three separate component speci-

fications were developed to govern the lift system design.
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(U) A.2.6.2 SEALS SYSTEM

(U) 'A.2.6.2.1 Seals Design -- The seals  design was developed within

requirements which include :

o sealing of the cushion with  a minimum drag and minimal
leakage of cushion air;

o design for a minor influence upon ship pitching motion in

the absence of ride control;

o in concert with ride control devices, aids in reducing
bow and CG accelerations to a level compatible with ride
quality requirements; and

0 exhibits lateral compliance while operating in waves
other than those dead ahead or astern.

(U) The seals are of modular design with the flexible seal material modules
separated by tear inhibiting attachment fittings to reduce seal vulner-

ability. They are designed to minimize water ingress into the pneumatic

bags and to provide for the rapid drainage of water that enters the
bag. Standardiz'ation  was emphasized in all portions of the design.

Seal system weight was minimized with total design weight less than
the following:

Maximum Acceptable Target

Bow Seal, lb (N) 33,000 (147,000) 25,000 (111,000)
Stern Seal, lb (N) 32,000 (142,000) 25,000 (111,000)

(U) Attachment fittings were designed to minimize weight, be simple to
remove and replace, to minimize structural fatigue of the flexible seal, .

pressure bag material, to resist the effects of the marine environment,
and (between hard structure and fabric) to be designed such that rubbing

and impacting between the two structures is minimized to reduce wear.
Further constraints included requirements that any seal system opera-

tional failure mode 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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(U) The result is seal systems that feature ease of maintenance, repair and

replacement with simple tooling and procedures in drydock,  at dockside,
'and at sea. Non-elastomeric surfaces were employed on the planing bow

and stern seals at the seal water interface to minimize hydrodynamic
drag and maxFmize  seal service life. The major seal system components

were designed to MTBF characteristics of:

Seal System Component Minimum Acceptable Target Service Life

Planing Surface at 400 Operating 100 hours at
Seal/Water Interface Hours 80 knots (41.16 m/s)

Bag and Upper Loop I.000 Operating 2000 Operating
Seal Structures Hours Hours

(U) A.2.6.2.2 Seal Materials -- Tear strength of the coated fabric

pressure bag material was specified as a minimum 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 be the controlling factor
in the selection of the pressure bag material.) Tensile strength of

the pressure bag material has a required minimum of 1000 pounds per
inch (175,000 N/m) in the warp direction and 800 pounds per inch
(140,000 N/m) in the fill directicn.  The pressure bag material is

required to possess good environmental resistance, consistent with the
seal system design specifications. The weight of the pressure bag

material is minimized, consistent with the other requirements, with a

maximum  weight  of 100 oz sq yd (33.25 N/m2).

(U) The pressure bag material requirements included surviving PO6 cycles at

20 percent of ultimate tensile strength in the warp direction (R=O.2);

the goai was lo6 cycles at 30 percent of ultimate tensile strength
'(R=O.Z). Seams in the pressure bag material must meet the requirements

for the coated fabric. The seams must also be relatively flexible and
stiffness discontinuities in the joint minimized.

(U) Flexural  fatigue strength of the glass reinforced plastic (GRP) planer

material shall be a minimum of 90,000 psi (6.20 x 108 Pa) in the

A-27

UNCLASSfF1ED



‘UNCLASSIFIED

(U) longitudinal direction and 85,000 psi (5.85 x lo8 Pa) in the transverse
direction. Target values are 135,000 psi (9.30 x lo8 Pa) in the longi-
-tudinal  direction and 105,000 psi (7.25 x lo8 Pa) in the transverse
direction.

(U) Maximum acceptable decrease in flexural  fatigue strength of the planer

material after aging in hot tiater  shall be 18 percent. The target
vaJ.ue  is 12 percent. Tensile strength of the planer material shall be
a minimum of 70,000 psi (4.83 x lo8 Pa) in the longitudinal direction

and 60,000 psi (4.14 x lo8 Pa) in the transverse direction. The
corresponding target values are 107,000 psi (7.38 x lo8 Pa) and 90,000
psi (6.20 x lo8 Pa). Tensile modules of the planer material shall be
a minimum of 3.7 x lo6 psi (2.5 x lOlo Pa) in the longitudinal direction
and 3.4 x lo6 psi (2.3 x lOlo Pa) in the transverse direction. The
corresponding target values are 5.0 x lo6 psi (3.4 x lOlo Pa) and
4.2 x lo6 psi (2.9 x lOlo  Pa).

A-28

UNCLASS1FBED



UNCLASSIFIED

A.2.7 OUTFIT AND FURNISHINGS

(lJ>  'A.2.7.1 HABITABILITY -- The habitability standards should conform

or exceed General Specifications for Ships of the U. S. Navy and
OPNAVINST 9330.74 (proposed). Crew accommodations are as follows (based

on manning requirements of the TLR):

‘t
.“,’

(U)  A.2.7.2 PASSIVE FIRE PROTECTION -- The design philosophy for

treatment of spaces in Group 1 implies prevention of primary aluminum
structure from reaching 400° F (204' C) for a period of 15

minutes. This conservative approach in an active system design
results in detection and extinguishment of a fire in within 5

minutes maximum.

The Fiberfrax panel system was selected for its superior performance
relative to other lightweight systems considered. The methodology
used to establish the insulation thickness is described in the

following steps:

a. A computerized thermal analysis established the relationship
between felt insulation thickness and temperature of the

structure under fire conditions.

b. A full-scale JP-5 fuel fire test was conducted and the

temperature distribution of the front face sheet of the
insulation panels was monitored throughout the test.

4
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0.J) c. The temperature/time profile obtained during the tests
was used as an input to thermal analysis, and temperature/

time 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 material for Group 2 spaces was also

selected on the basis of smoke 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 low smoke
and toxic gas emission properties of Fiberfrax made this material
attractive for application in Group 2 spaces.

(U) The design approach to treatment of spaces in Group 2 is based on a

modification of the fire loading concept described in the Society of
Naval Architects and Marine Engineers (SNAME) Aluminum Fire Protection

Guidelines. The fire loading of a space is a measure of the quantity
of combustibles per unit deck area. It is expressed as pounds of wood
per square foot with combustibles other than wood related to wood
with a heat capacity of 8000 BTU/lb (1.86 x lo7 J/kg), The
methodology used to establish the amount of protection (insulation
thickness) is described in the following steps:

a. Full ,;ale fire tests were conducted with fire loadings
of 12.5, 10, 7.5, 5 and 2.5 lbs mass of wood per square
foot (61.0, 48.8, 36.6, 24.4 and 12.2 kilograms of wood

per square meter).

b . The temperature/time profiles of the front face of the
insulation panels during the tests were used as input

to the thermal analysis computer program. Figure A.2.7.2~4
shows the temperature/time profiles for the various fire

loadings.

A-30



..- ,- __.. .“.

UNCLASSIFIED.

900
(482

800
(426

7oc
(371

, 60C
s (310
0

FELT
INSULATION
IN. (mm)

I I I /4----r INSULATION
PANEL

BACK FACE

OL I I I I I
-_

0 4 8 12 16 20 24 2 8
ma (MIN)

Figure A.2.7.2-1  (U): Temperature/Time Curves df Back Face of Insulation
Panel and Aluminum Structure for Various Insulation
Thicknesses in a JP-5 Fuel Fire (Structure Not
Insulated on Fy Side) (U)
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FIRE LOADING IN
LBM/FT*  (kg/m2 )
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TIME IN MINUTES

Figure A.2.7.2-4  (U): Temperature/Time Profiles on Front Face of Insulation
Panels '&W&d  Crib Fires with Various Fire Loadings (U)
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The program output the temperature/time envelope of the
aluminum structure for various amounts of insulation

thickness. The maximum temperature of the structure with

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 mm) were
selected for practical manufacturing and ready material
availability.)

(U)  The primary need in protecting magazines is to provide cooling when
there is an adjacent fire hazard. Water sprinkling  is the most
efficient means to cool these spaces. LlkewPse,  glass thermal insula-
tion can be used more efficiently than refractory fibrous insulation

in these spaces to prevent heat from entering,
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Figure A.2.7.2-5  (U): Maximum Temperature of Aluminum Structure Versus

Insulation Thickness for Various Fire Loadings in
Solid Combustibles Fires (Structure Insulated
on Far Side) (TJ)
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(u)  A.2.8 ARMAMXNT  - 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 TAGAN

o EW System AN/SLQ-31  or -32(V2)

o Air Search Radar (AN/APS-125)

o Surface Search (AN/SPS-55)

o Collision Avoidance Radar (CAB)

o FCS MK92

o STIR

0 CIWS (MKlS/O)

(U) Harpoon launchers are fixed and should be facing forward. Both Harpoon

and the vertical launchers for the Standard missile were to be located

to result in minimal plume ingestion problems for the main combustion
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 NAVORD  studies). Appendix B contains

diagrams outlining the coverage of the major near term SES weapons
and sensors.

(U) The near term SES would only have a reload capability at sea for the
MC46  torpedoes used in helicopter related ASW operations. As specified

in the 3KSES TLR, no reload-at-sea capabilities would be provided for
vertical missiles, MK48  torpedoes, surface launched MK46 torpedoes or
Harpoon missiles.
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A.2.9 LOADS

(U) .The  weight allowances for variable load items were derived from Naval

Ships Technical Manual dated 1 March 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 Man
Officers (commissioned 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 complement of 17 officers, 13 chief petty officers and
95 enlisted men. The weight allowances then are:

%Y

Officers 1 7 6800 (30.24)

Non-Corns 1 3 4290 (19.08)

Enlisted 9 5 21850 (97.19)

TOTAL 125 32940 (146.5)

(U) This 146.5 kN total corresponds to 14.71 long tons (FlO).

(U) Paragraphs 173.1(c)  and (d) of the referenced Technical Manual cover

weight allocations for provisions, personnel stores, and general

stores as follows:

Provisions Pounds (Newtons) Per Man Per Day

Dry 3.20 (14.23)
Freeze 1.11 ( 4.94)
Chill 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)
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(U) The ship provisions, personnel stores, and general stores using those
provisioning allowances for a X-day mission follow:

Provisions and Personnel Stores:

6.83 pounds/man/day 30.38 N/man/day

x 15 days 15 days

102.45 pounds/man 455.7 N/man

x 125 men 125 men

12,806 pounds+2240  = 5.71 long tons (F31)
(56.96 kN) (56.96 kN)

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 men

1,988 pounds+2240 = 0.89 long tons (F32)
(8.84 kN) (8.84 kN)

(U)  The 3KSES TLK requirec3 support for two SH-3H helicopters for a 15-day
mission at the rate of 45 flight hours per month. The SH-3H has a

nominal fuel consumption rate of 215 gallons per hour (0.0027 m3/hr)

and JP-5 weighs 6.8 lbs per gallon (6654 N/m'). Therefore,

215 gallons/hour (.0027 m3/hr>
x 6.8 pounds/gallon (6654 N/m3)

1,462 pounds/hour (1.80 N/hr)
x 45 hours/month 45 hours/month

65,790 pounds/month/helicopter (292.6 kN)
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65,790 lb. 3 2 (15-day mission) - 32,895 pounds/helicopter
x 2 helicopters

65,790 pounds

(292.6 kN)

65,790 lb.+ 2240 pounds/ton = 29.3 long tons (292.6 kN)

helicopter fuel allocation
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A.2.10 WEIGHT MARGINS

(U) tie  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 margins

were applied as in the cited letter with the exception of Ml3

(preliminary design and advanced development margin) which was depleted
because the appropriate design phase has been completed for the 3KSES.

The following Table A.2.10.1  outlines the margins as applied.

TABLE A.2.10-1  (U): Near Term SES Weight Margins ill)

SWBS No.

Ml1

Kl2

M l 3

M21
M22

M23

M25

DESCRIPTION

Detail design margin

Building Margin
Preliminary Design and

Advanced Development

Margin
Contract design margin

Contract Mod. margin

GFM Margin

Service life Margin

(1) LS = Light Ship
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A.2.11 VEHICLE

(U) A.2.11.1 Payload Weight Breakdown - The vehicle weight summaries
shown  in Table A.2.1101  and A.2.11-2  detail the near term ship as
defined in ANVCE WP-002, "Definition of Terms", dated 2 April 1976,
Section III. The contract mergins  are included in the vehicle empty
weights. These weight breakdowns support range and payload performance
projections in Section 2.2.3.

TABLE A.2.11-1  (U): Vehicle Weight Summary (PT9A-2A)  (U)

fixed payload item

Ship's Complement

Vehicle Weight
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TABLE A.2.11-2  (zi): Vehicle Weight Summary (FT9A-2A)  (U)

SYMBOL

IE
1

‘C

IP

bJF

W

TITLE

Empty Weight less

fixed payload

items

,ONG
CONS

Ship's Complement 21.4

and effects & storks

Payload

Liquids

Vehicle Weight

177.2

1202.4

3000.0

SHORT
TONS

24.0

198.5

1346.7

3360.0

METRIC
TONS

1624.7

21.7

3048.2

KILO
NEWTONS

213.:

1,765

11,981

29,892



UNCLASSIFIED

(U) A.2.11.2 STABILITY AND RESERVE BUOSANCY  - The near term SES must

.survive,  with margin, the operational hazards of the open ocean, as

specified in the criteria of:

0 Goldberg, L. L., Tucker, R.  G., "Current Status of

Stability and Buoyancy Criteria Used by the U,  S. Navy

for Advanced Marine Vehicles?, Naval Engineers Yournzl,
October 1975.

0 Sarchin, T. H., Goldberg, L. L., "Stability and Buoyancy
Criteria for U. S. Naval Surface Ships", Transactions of
the SNAME(l) , Volume 70, 1962.

(U) The freeboard and internal subdivision of the near term SES must be
selected to satisfy the qualification of the criteria for reserve

buoyancy and stability in terms of:

0 Hullborne intact stability

0 Reserve buoyancy under conditions of hull damage

0 Damaged stability

(U>  Analysis ha s demonstrated that the near term SES design would meet

the Navy criteria established for Large SES's  as set forth in the cited
references for displacements in excess of 3000 tons.

(11 Society of Naval Architects and Marine Engines

A-46

UNCLASSIFIED



(U) A.2.12 MANNING

The Rohr selection criteria for crew size and composition, and some of

the design alternatives by which the near term SES crew size and com-

position was developed, are the result of a Rohr-developed methodology

that utilized the LSES TLR and the "Guide  to the Preparation of Ship

Manning" (OPNAV lOP-23),  to impact design and trade-off studies.

(U) A.2.12.1 MANNING CRITFRIA- In arriving at the crew size and
composition, the following criteria were used:

0 The design of the near term SES supports demonstration of
the feasibility of platform performance, including that at
high speed, and combat capability.

0 The near term SES was not designed to meet existFng  Navy
standards for wartime use, but incorporates salient features

of a combatant ship for evaluation purposes.

0 Required operational capabilities (ROC) as defined in the
LSES TLR of 28 May 1976 were employed to identify require-

ments for manned stations and their location, control

equipment, and manned station layouts and support systems.
The ROC are projected for performance of military 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

follows:

1) At sea :n  peace time, Readiness Condition IV
and for Battle Readiness, Special Condition I.

2) A capability to perform anti-air, anti-submarine,

and surface warfare on a non-simultaneous basis.

3) A capability to meet emergency contingencies.

4) A capability to perform maintenance for which the

crew is assigned responsibility.

. A-47

UNCLAS.SIFlED



(U) A.2.12.2 READINESS CONDITION - Conditions of readiness for the

purpose of determining operational, maintenance, administrative and

support capabilities required to support the SES are as follows:

0 Special Condition I - Battle Readiness -- These conditions

for the near term SES are:

1) Condition I ASW: Anti-submarine operations
2) Condition I AAW: Anti-air  operations

3) Condition I SUW: Surface operations

All required personnel continuously alert. All required
operational systems manned and operating. No maintenance

expected except that associated with critical and vital
equipment repair. Reduced readiness requires changes from

the Required Operational Capabilities approved by the
Chief of Naval Operations for Special Condition I.

0 Condition IV: Peacetime Cruising Readiness - Operational

systems are normally manned only to the extent necessary
for effective shipscontrol,  propulsion and security.

Accomplishment of all underway maintenance, support and
administration functions is expected. Maximum advantage

is taken of training  opportunities. Expected endurance

at Condition IV is 15 days.

0 Condition V: In-Port Readiness - Systems are manned 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. Accomplishment of all required maintenance, support
and administrative functions is expected. Maximum advantage
is taken of training opportunities and (subject to the fore-

going requirements), the crew has a maximum opportunity for
rest, leave, and liberty.
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(U)  A.2.12.3 MANNINGALTERNATIVES- The following design alternatives

.were  instrumental in the development of the crew size and composition:

0 The near term SES Ship's crew was developed within the

implied requirements of the combat system concept for a

weaponized test ship, rather than for a lead ship of its
class.

0 The administrative office requirements were combined into

two adjoining offices to provide adequate working areas
rather than individual office spaces per man. The combined

offices are:

1)

2)

Operations Office, Weapons Office, Engineering Office --

The combination of these offices into the department
office provides working space for the department heads,
ship's 3-M coordinator, and engineering personnel.

Data Bank/Technical Library - Within the data bank there
are work areas for research and equipment, for making
copies of stored data and for conference purposes.

This central administrative complex is interconnected by

arches providing access to each function performed. The
design is economical in terms of equipment, furniture, space,

and manpower utilization, and results in weight reduction.

0 The central (rather than remote) control concept has resulted
in more efficient utilization of manpower. 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 minimum required watch

positions for the SES are:

1) OOD/Ship  Control Officer
2) JOOD/Asst. Ship Control Officer

3) Lookout/Signalman

4) Propulsion Control Console Operator
5) Damage Control/Auxiliary Console Operator
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(U) A.2.12.4 OPERATIONAL MANNING REQUIRRMEXTS  - Operational 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

minimum essential operational.stations  developed for the near term

SES are:

0 Special Readiness Condition I, manned on a one-section basis,

requires 79 operational stations.

0 Readiness Condition IV, manned on a three-section basis,

requires 5 operational stations (15 personnel). The minimum
number of personnel required for Readiness Condition IV is 54

(duty and.watch).

0 Readiness Condition V, manned 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.

(U) A.2.12.5 ORGANIZATIONAL MANNING - The organizational manning

requirements developed for the near term SES are:

Officers

Crew
Helo  Det.

TOTAL

0 8
0 4
-
1 2

CPO'S
I

Other Enlisted I Total i

0 8 5 0 I 6 601 1 4 1 9 I- I - I -I
0 9 6 4 85
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(U) A.2.13 PERFORMANCE

The proposed 3000 LT (29,892 kN) near term SES includes all of the

fuel (for both ship and helicopters) , sensors and weapons specified in

the 28 May 1976 3RSES TLR. The basis upon which the near term  SES design

performance was developed compared with 3RSES TLR requirements is:

I-

F

M

a

T

Y

4

L

Design Parameter

ull Load Displacement (LT; kN) 3000 (29,892) 3000 (29,892)

ean Operating Displacement (LT; kN)

ind Speeds Pierson Moskowitz  Sea Spectra

(no attitude gradient)

'ail Pipe (Trapped Fuel)

Allowance (LT; kN)

Marine  Fouling Allowances 1 mil Surface Finish

unbient Temperatures - air

water

(1)
(2)

Mean Operating Displacement at 10% fuel load (LM2500  propulsion)

Mean Operating Displacement at 50% fuel load (LM2500  propulsion)
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(U)  Detailed comparisons between performance of the 3KSES  design and the

28 May 1976 TLR requirements regarding speed, hump margin, acceleration
and deceleration, turning, range, and operational Sea State performance
are outlined in the following sections:

(3)  A.2.13.1 SPEED - The predicted speed capability and requirements
are shown in Table A,2.13-1. All speed requirements at a full load
displacement of 3000 LT are met, including the requirement of 30 knots
(15.4 m/s) with a significant wave height of 15 ft (4.57 m), FT9A-2A

engines at maximum continuous power (MCP),  and for headings up to

60 deg or more from a head seas condition. Off-cushion, the SES
provides operational speed capability approaching the goals.

(U)  A.2.13.2 HUMP THRUST MARGIN - Comparison between the predicted and

required hump thrust margins 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 FTgA-2A  configuration. The acceleration goal is met
with the LM 2500 configuration; however, the FT9A-2A  configuration

requires almost twice the acceleration goal time interval.

(U) A.2.13-4 TURNING -- The TLR specified that the 3KSES  must meet the
following:

0 On and off-cushion, ahead and astern, control of heading

for docking, undocking  and low speed maneuvering in a
seaway.

0 Maximum Tactical Diameter of 4500 Et (1.37 km) at speeds

below hump speed.

0 Maximum Tactical Diameter of 15,000 ft (4.57 km) when

entering a turn at maximum speed. (The SES is not required
to maintain constant speed in turns above hump speed).
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Table 2.3.13-l (C) Maximum Speed Performance (U)

Operation

Ahead
On-Cushion

Ahead
Off-Cushion

Astern
Off-Cushion

Configuration

Mean Operating
Displacement
I&I2500  at MCP

Full Load
Displacement
FT9  at MCP

Full Load
Displacement
Engine at MCP

Full Load
Displacement
Engines at MCP

Significant
Wave Height

Ft.(m)

.O
3.3 (1.0)

15.0 (4.57)

0
3.3 (1.0)

15.0 (4.57)'

0

15.0 (4.57)

0

10.0 (3.05)

I Requirement Knots (m/s)

Coal Min,

100 (51.4)
8 0 (41.2)
4 0 (20.6)

100 (51.4)
8 0 (41.2)
40 (20.6)

15 (7.7)

10 (5.1)

10 (5.1)

5 (2.6)

c-

70 (36.0)
30 (15.4)

c-

70 (36.0)
30 (15.4)

--

Predicted
Capability

Knots (m/s)

76 (39.1)
70 (36.0)
31 (15.9)

81 (41.7)
73 (37.6)
30 (15.4)

14 (7.2) TLt42500
15 (7.7) FT9

9 (4.6) LM2500
9 (4.6) FT9

5 (2.6) LM25OO
5 (2.6) FT9

4 (2.0)  LM2500
4 (2.0) FT9

Default

Default
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Table A.2.13-2  (C). Hump Thrust Margln (U)

Operation

Ahead
on-
Cushion

Configuration

Mean Operating
Displacement
LM2500  at MIP
(1920 LT; 19,131
a
Full Load
Displacement
FT9 at MIP (3000
LT; 29,892 kN)

Significant
Wave Height
Ft. (m)

3.3 (1.0)

3.3 (1.0)

Requirement-%

Goal Min.

15 10

30 20

Predicted
Capability

%

8 6

2 1
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Table A.2.13-3  (C), Acceleration/Deceleration (U)

Operation

Ahead
On-Cushion
Acceleration
to Full Speed

Ahead
On-Cushion
Deceleration
from Full Speed

Configuration

Full Load
Displacement

Full Load
Displacement

Sea
State

Requirement Predicted Capability I

GoalGoal Min.Min.

1 8 01 8 0
Sec.Sec.

3 0 0 0  Ft.3 0 0 0  Ft.
(914.4 m)(914.4 m)

LM2500LM2500

92*92*
Sec.Sec.

7 3 5  Ft.7 3 5  Ft.
( 2 2 4 . 0  m)( 2 2 4 . 0  m)

Fr.9Fr.9 I

3 3 03 3 0
Sec.Sec.

2955 Ft.2955 Ft.
(900.7 m)(900.7 m)

*This value is seemingly low only because the LlY2500  configuration is limited to sub-hump
operations at ED.

Default

Default

Default



(U) Figure A.2.1301  depicts several turns attainable with the FT9A-2A
configured near term SES at full load displacement. The figure shows

that the SES can better the TLR's  on- and off-cushion turn requirements.

(U) A.2.13.5 RANGE -- The predicted range performance characteristics

are compared with the TLR range requirements. The range capability of

both the 1X2500  and the FT9A-2A  configuration is computed on the basis

of an average speed greater than 63 knot8 (31 m/s); the L&l2500

configuration nearly atWins  its goal, bettering the requirement by
more than 15 percent. The FT9A-2A  configuration better8 the requirement

by about 10 percent. Range performance is shown in TableA.2.13-4.

(U) A.2.13.6 -HAXIMlJM  OPERATIONAL 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 term8 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 May 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 LM2500  and the alternate is the
FT9A-2A.
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4001

3001

-600

-800

DECEL TURN ACCEL TACTICAL
U TIME, TIME, TIME, DIAMETER

KTS, (m/s) SEC SEC SEC FEET (m)
3 0 (15.4) 3 0 1 3 9 255 4500 (1371.6)
4 5 (23.1) 2 1 2 4 5 2 0 2 11900 (3627.1)
5 5 (28.3) 1 8 2 4 5 150 14500 (9419.6)

LOFF-
CUSHICN
10 KTS

(5.14 m/s:

76Gic  -7
/
'-BEGIN
ACCELERATION

I
FOR ON-CUSHION TURNS:

l ENTER TURN AT
80 KTS (41.1 m/s)

o DECEL TO 45 KTS (23.1 m/s)
l TURN AT 6 LESS THAN 0.7

VENTILATION INCEPTION ANGLE
Y ACCELERATE TO

1: 80 KTS

"2f 53 SEC.

*~..3 SEC

k

11.1  m/s)

20 (1000 FT)

4 I I I I I 1
0 100 200 3 0 0 400 500 600

TRANSFER

Figure A.2.13-1  (U): 3KSES Turhing  Capability (U)
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Table A.2.13-4  (Cl.  Range (U)

Configuration

Full Load
Displacement
LM2500  Average
Speed _ 60 Kts
(31  m/s)
Full Load
Displacement
FT 9 - Speed
60 Kts (31 m/s)

Significant
Wave Height

Ft. (m>

3.3 (1.0)
(No Wind)

3.3 (1.0)
(No Wi.ld)

Predicted
Capability

3000
(5556)

3500
(6482)

Min. NM (Km)

2500 2960
(4630) (5482)

3000 3295
(5556) (6102)
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A.3 DESIGN PHILOSPHY

(U) The overriding philosophy of the near term point design SES design for
the capability of demonstrating that the SES concept can fulfill a role

as an operational fleet unit. Every design decision has supported this

philosophy. The result is a balanced design in which no single feature
is dominant. All subsystems and their components were accorded careful

development and engineered to meet the specified Top Level Requirements

0-W l

(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 subsystems design.

I I
(U) The SES meets or betters Top Level Requirements for speed, range, and

hump margin in all sea states at a full load displacement of 3,000 LT
(29,892.l  kN). The available range margin can be traded off against
producibility, weight or increased payload. It betters all requirements

for turns, Translation and rotation maneuvers are easily made at zero
and low forward speeds for docking, harbor operations, and certain

tactical situations. It comes to a full stop from maximum speed in
1000 yards (914.4 m).

(U) The ride quality is much better than required for crew comfort 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, meets the estab-

lished 4 hour limits. The near term point design SES operating
at 60 knots, sea state 5, easily meets and can exceed the same 4
hour ride criteria.

(U) The design is inherently stable. It is safely operable well beyond tha
c '.

limits of the operational requirements. It is functionas  in sea state 6.
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(U)  It is designed to survive hurricane conditions. Extensive digital

computer simulation and 3,800 hours of tow tank testing confirmed the
design as stable and safe.

(U)  It is a habitable and highly maintainable ship due to careful attention

given to functional space arrangements and by designing the ship with
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 located
away from noise and vibration producing machinery. All living spaces
and messing areas are located for best ride quality and with least noise.

(U)  The lift and ride control system is unique and effective. It is a

proven system. The ride control system (RCS)  attenuates vertical motions

to levels within ride criteria limits.

(U>  It utilizes an advanced planing seal concept which easily meets 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 simple,
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 complete safety.
It is designed for centralized operation, operational simplicity, full
exploitation of the SES potential, and fail safe operation. Reliabiiity
and safety are fully integrated into the design.
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(U) A.4 TRADE-OFF STUDIES

Nany  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.

(JJ)  A.4.1 CONFIGURATION TRADE-OFFS -- The near term SES is a full langth

sidehull  ship with 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 dynamics stability, sea worthiness, seal design,
maneuverability and structural weight fraction.

(U)  The selected seals design resulted from trade-offs that considered the
application of a two-dimensional, planing type seal, or a bag-and-finger

type seal. Factors evaluated in the definition of the seal baseline
included design simplicity, durability, response characteristics, high
speed drag, performance and off-cushion drag penalties.

(U) 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 geometries and

evaluating their drag, waterjet  inlet broaching, and maneuvering perfor-
mance.

(U) The configuration also includes semi-flush waterjet  inlets and related

ventilation cutouts. Tj 2 location and geometry of the inlets and venti-
lation cutouts are the result of trade studies involving drag, weight,

propulsion efficiency, and machinery location considerations.

(U) A number of trade-offs were made to determine the impacts of variation
in bulkhead spacing, frame and stiffner spacing and number c decks within

the hull. The considerations were optimization of the structural weight
fraction while providing sufficient enclosed volume to accommodate the

required ship company, machinery fuel, and specified military payload.

A-63

UNCLASSIFIED



UNCLASS IF I ED
f

(U) A.4.2 KEY SUBSYSTEMS TRADEOFFS

A.4.2.1 Main Propulsion System -- Trade-offs for the propulsion machinery

subsystem emphasized criteria which resulted in a design that provides
optimum performance, low development risk, minimum complexity, high

reliability,, maximum protection from environmental elements, good habi-

tability and replacement of most major components without drydock  of the
ship. The primary tradeoff was between waterjet  propulsors and partially
submerged, supercavitating propellers, Waterjets were chosen because

the produce much lower noise and vibration levels, are less susceptible

to damage by floating debris, have less complex transmission systems,

can be maintained without drydock  (except for some elements of the water-

jet inlet), and can be acquired at lower cost and with less developmental
risk.

(U) The propulsion system utilizes four LM2500  gas turbines identical to
those in service on the DD963 ships, The LM2500  engine has low fuel
consumption, adequate power, long life and high reliability. However,

all components of the propulsion subsystem are sized to accommodate the
higher rated FT9A  engines, with but minor modifications.

WI Other major tradeoffs were in the propulsion machinery arrangement,
combustion air system, and waterjet  inlet. All propulsion components,
except the waterjet  inlet, are located above the wet deck to obtain
good maintainability and minimize complexity. Use of seemingly avail-
able space in the sidehulls resulted in poor installations with

disadvantages outweighing the marginal advantages in performance,
Similarly, the combustion air system was generously sized to minimize
engine power losses and maximize accessability, salt removal, and noise

suppression.

(IT)  The selected waterjet  inlet is a flush, variable roof arrangement that

provides superior cavitation and recovery performance, simplicity and

low drag.

A-64



UNCLASS IF I ED

(U)  A.4.2.2 Lift System -- An intensive parametric tradeoff study of

both axial, mixed flow and centrifugal fans resulted in the selection

of dual inlet, single discharge, constant velocity volute, centrifugal
fans because of their low weight, compact geometry, and favorable perfor-

mance properties. A further tradeoff resulted in consideration and

rejection of two circulation control designs when compared to the fan

concept. Circulation control was found relatively complex and not

as advanced as the technology for fans; a proven l/4 scale fan model

was in operational use. The selection of the lift prime mover was

based upon the fan power requirements which matched the proven LM2500
with no other GT available in the power range for comparison.

UJ) Trade-offs of various fan locations and their attendant shafting and

ducting complexity were performed. The result was a design featuring
simple inline  shafting, minimum ducting length and minimum use of

duct elbows. The inline  shafting employs proven marine helical gear sets
(single reduction) over more complex planetary gears.

(U)  Ducting  trade-offs are closely related to those for the power transmission,
Vith  fan locations and air delivery points established, further trade-
offs determined the minimum weight ducting configuration, with no common

plenum or ductzplenum,  no duct air spliting, and use of round ducts. The
fair-weatherlintake  design resulted from trade-off studies concerning free

stream pressure recovery, noise control, fabrication techniques, base drag,
weight, and water ingestion.

(U) The location of the ride control ducting and valving was determined through

trade-offs involving ship's available space, thrust augmentation, and
weight impact.

(U) Major trade-offs for the seals were in seal geometry, modularization, and

selection of detail hardware and materials. The seals geometry trade-
offs compared planing seals with bag-and-finger seals. The planing seal
geometries included both two- and three-dimensional (curved bow planform)
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seals in concert with the square bow/full length sidehull  tradeoff.

(U) The planing seal was selected for its demonstrated lower 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 bow/full length aidehull  L-cause  together they offered

a more simplified seal design, modulariza,  ion of components, and improved

seal maintainability and reliability.

(U) Modularization trade-offs were performed to optimize seal maintenance,

to minimize loads and, to assure high performance in a seaway. Components
included were number and type of restraints (straps and cables) and

quantity of planers and bag modules,

(U)  Significant hardware and seal mater trade-offs included comparisons
of (1) straps and cables, (2) mater s for planers, pressure bags,
restraints, attachments, and modular oints and (3) planer-to-strap
transition attachments. Key criteria in these trade-offs were
weight, reliability, maintainability, ease of fabrication, and methods

of design verification.

(U) A.4.2.3 Trade-offs optimized 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 requirements were
adjusted through judicious selectton  of user equipment 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 much as their 60 Hz counterparts. .

(U) Direct 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 accomplishment. While $mpressive  weight 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 special
equipment development.

(U) Auxiliaries -- Weight trade-offs were made of 12 air conditioning systems
and equipment 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 contamination, cooling requirements, length

of lines, bulkhead penetrations, reliability, and redundancy. A multiple
dedicated system was selected.

;”

(U) The trade-offs for the potable and fresh water systems involved investi-

gation of components and configurations possessing potential weight
savings. Vacuum-assisted water closets and low water demand showers
were selected. Weight was reduced through reduced quantities of collected
and stored water via the drainage system and the reduced pumping capacity
requirement. Further weight reduction was obtained by selecting GRP

pfping  .

(U) A trade-off study was made to provide the design criteria and rationale
for the most advantageous total flooding extinguishing agent. CO2

and Halon  1301 extinguishing systems were compared, and a Halon  1301
system was preferred over a CO2 system for its lower weight and shorter
discharge time.

(U) Hydraulically-powered actuators, motors, and putips  were compared to elec-

trical and pneumatic equipment on the basis of weight, cost, compatibility
installation requiraments  and operating environment. Trade-off comparisons

indicated a weight saving of several tons by employing hydraulically-powered
equipment. In some instances, the electric motor-driven actuators appeared so
bulky and cumbersome as to be essentially impractical. In the case of high-per-

_..
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(U) formance servo-driven devices such as the ride control valves, low
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 utilizing a no-discharge type
compared to a flow-through type.

(U) A.4.2.5 Outfittings and Furnishings -- Trade-offs were made for the

insulation and protection (fire, thermal and acoustical) of the aluminum

structure. A rigid panel placed outside the frames was compared to a
flexible blanket placed against the structure. The rigid panel design
was selected because of:

. Ease of installation..-

l Reusability of panels after removal for inspection of
structure

l Ease of modular panel replacement

l Elimination of separate sheathing and false ceilings

l Resistance to deterioration during normal shipboard use

l 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

l Elimination of insulating against fire for the cabling and

piping systems.

(U) Contrariwise, the advantages of flexible blanket design are lower cost,
slightly lower weight, increased space, and elimination 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 minimized the increased space advantage of the

flexible blanket design and imposed a weight and cost disadvantage.

(U) A.4.3 PERFORMANCE TRADEOFFS -- Maximum performance of the selected
design configuration was optimized with respect to:

1) Speed (at minimum drag) with maximum continuous power.

2) Thrust margin at hump speed with maximum intermittent
power.

3) Range.

(U) Optimization of each of these performance factors involved selecting a

best operating policy (i.e., the determination of operating trim and

draft), lift system airflow settings, and seal adjustments within the
adjustment latitude and constraints of the design. While this selec-
tion could be an n-dimensional optimization process of great complexity,
only a limited number of major effects need be considered in practice.
The key trade-offs are:

1) Trim and Draft for Least Drag - Ship operating attitude

for minimum drag is determined  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 with
the available adjustments.
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OJ) 2) Lift System Optimization - Airflow distribution, pressure
ratios and seal settings are optimized with empirical
data in conjunction with analytical characterizations

of the lift system. Policies for least drag and least
total fuel rate are developed,

3) Optimum Cruise‘Speed  - There is a speed at which range is
maximized for each vehicle weight between zero and 100
percent fuel. This speed is found recursively by a
performance computer program that includes appropriate
representations of drag, lift system and propulsion system
characteristics.

.
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APPENDIX B: DRAWINGS AND DIAGR&MS

(U) B.l GENERAL ARRANGEMENT DEAWINGS

W) This section of Appendix B contains the general arrangement drawings
for the near term ANVCE SES Point Design. These drawings are as follows:

Figure

B.l-1
B.l-2

B.l-3
B.l-4
B.l-5

B.l-6
B.1-7
B.lA8

B.1~9
B.l-10
B.l-11

G/A Title

Outboard Profile
Inboard Profile

01 Level and Above
Main Deck
Second Deck

Third Deck
Wet Deck
Traverse Section

Inboard Profile
Bow and Stern Views
Tank Arrangement

and Tank Capacities

Dwg. Ref.

LL802001

LL802002
LL802003

LL802004
LL802005
LL802006

US02007
LL802008
LL802010

LL802011

LL801001
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(U)  B.2 WEAPON AND SENSOR COVERAGE DIAGRAMS

(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

B.2-1.

B.2-2

B.2-3

B.2-4

B.2-5

B.2-6

B.2-7

B.2-8

B.2-9

B.2-10

B.2-11

B.2-12

Title

APS-125 Air Surveillance Coverage is Unobstructed

Elevation Coverage from the High APA-  Antenna
Position Extends the Radar Horizon for "Pop-Up"
Threat Detections

Surface Search Coverage with the AN/SPS-55 is
Extensive for Maneuvering, Piloting, and SUW

Elevation Coverage for Surface Search is not
Obstructed Along Critical Azimuth Bearings

Collision Avoidance Coverage is Unobstructed for
Critical Sectors and Ship Maneuvering Options

Elevation Coverage is Unobstructed for Debris
Detection Close to the Ship's Bow, Dead Ahead

Fire Control System Surveillance and CW Illumina-
tion Coverage is Extensive

Elevation Coverage Provides Full Capability for
AAW and ASMD FLre  Control

The Mk 54 Mod 0 Antenna Site Augments Mk 92 FCS
Coverage

Full STIR Elevation Coverage for Sea Skimmer and
Zenith Threats

The CIWS Weapons Groups Provide Complete 360-Degree
ASMD Azimuth Coverage

Full CIWS Weapons Group Elevation Limits are Only
Reduced for a Small Sector Dead Ahead
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oJ> B.2-13 The Forward Location of the IR Sensor in the EW
Suite Covers Critical Threat Approach Corridors

8.2-14 The Forward IR Sensor has an Elevation Coverage
Providing an Unrestricted Field-of-View

(U) These diagrams each have descriptive titles that emphasize the features

of the weapon and sensor coverage inherent in the near term SES.
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Figure B.Z-4  (VI:  Elevet&on  Coverage for Surface Search is notObstructed Along Critical Azimuth Bearings IV)
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Critical Sectors and Ship Maneuvering Options(U)
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Figure B.2-7 (U): Fire Control System Surveillance and CW Illumination RAN

Coverage is Extensive (II)
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Figure B.Z-8  (U): Elevation Coverage Provides Full  Capability for AAW and ASMD  Fire Control(U)
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Figure B.2-13  (U): The Forward Location of the IR Sensor in the EW Suite
Covers Critical Threat Approach Corridors (U)
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Figure B.2-14  (U): The Forward IR Sensor has an-Elevation Coverage Providing
an Unrestricted Sensor Field of View (U)
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(U) B.3 STRUCTURE DRAWTNGS

(U) This section of Appendix B contains the structure drawings for the ANVCE

near term SES Point Design. These drawings are:

Figure

B.3-1

B.3-2

B.3-3
B.3-4

B.3-5
B.3-6

B.3-7
B.3-8

. . .
.x

. .

Title

Deck Plating - Main Deck

Bulkhead - Long, CL
Transverse Bulkheads

Transverse Frame
Bow Plating and Framing

Superstructure
Extrusions - Structural

Tabulation - Plating/Tee
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(U)  B.4 PROPULSION SYSTDf  BRAWXNGS

(U)  This  section of Appendix B contains the following propulsion system
drawings:

Figure Title

B.4-1 Main Propulsion Machinery Arrangement, P/S

B.4-2 Waterjet  Inlet Arrangement, Port and Starboard

(U)  The remainder of the detailed propulsion system description for the

ANVCE near term SES is contained in Section 2.3.2.

B-44

W’KLASSIFIEb



ENClNt EXW.UST

I  :

\

,.  T...W

. .

M D  ?D V I E W  A  El
SCALE  : NOM

ALTERNATE ENWdL

MEW  ‘LKG FWC’

(



1. /

L L  WOOI (IZEF)

I

R A U  Vtw
B E L O W  MNN w2c.a

t i



G  f ANrI-IclhG  SYSreM
r,  CO%ImTION Ale  INTAU’E  p/S

.-------,’
3 1 0  DCCi  aa’-cP+%m4 EL.

VV.Cf .DGC  Ic W-0 A&‘. 8. L.
:

: :
f Ij /’

I : . 1 I I I I I.- I I I





-+

. -

I ’



I

1
Fe  75

I



;... .-..

.



(U)  B.5 C3 ARRANGEMENT DRAWINGS AND BLOCK DIAGRAMS

(U)  This section of Appendix B contains the command, control, and communi-

cations (C3 ) arrangement drawings and block diagrams for the near term

ANVCE SES. They are:

Figure

B,5-1

B.5-2

B.5-3

B.S-4

BS-5

B.5-6

B.5-7

Title

Combat Information Center, Main Deck

Communication Center, Main Deck

Radio Transmitter Room, Main Deck

Data Processing Room, Main Deck

Helicopter Control Station, 01 Level

Command and Surveillance Block Diagram

IC Voice System Matrix
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(U)  B.6 HULL INSULATION, SHEATH'ING,  AND DECK COVERING SYSTEMS

(U)  This section of Appendix B consists of 29 Sheets of Rohr Drawing No.

LL63.5001, "Hull Insulation, Sheathing and Deck Covering Systems".

This drawing describes the cited systema  covered in the text in Section

2.3.6.
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GENERAL NOTES

1. INSULATION

A.

B.

C

D.

E.

F.

0

It

I.

J.

ALL INSULATION MATERIALS INSTALLED SHALL COMPLY WITH
APPLICABLE GOVERNMENT SPECIFICATIONS OR SHALL BE
EQUIVALENT TO PRODUCTS IDENTIFIED.

IN ADDITION TO THE ABOVE, ALL FIRE, THERMAL AND ACDiJs-
TlCAL INSULATION INSTALLED SHALL SATISFY THE REQUIRE-
MENTS OF USCG INCOMBUSTIBiLITY  TEST 164.009.

. FIRE PROTECTIVE INSULATION SHALL BE ALUMINA/SILICA FELT
OF FDUR+OUND DENSITY PER CUBIC FOOT (FIBRAFRAX  DR
EQUAL).

THERMAL INSULATION SHALL BE FACED FIBROUS GLAS!$  CON-
FORMING TO MIL-I-742. ALTERNATELY, UNFACED FIBROUS
GLASS MIL-l-742 SHEATHED WITH.032lNCH  THICK ALUMINUM
SHALL BE USED.,
ACOUSTICAL INSULATION SHALL BE ONE-INCH THICK PERHE
RATED HARD SURFACE FIGROUS  GLASS ACOUSTIC 5OARD  CDN-
FORMING TO MIL-A-2364 AND SHALL SATISFY THE RE-
QUIRE.k?ENTS  OF  THE U.SCG  INCi)a1YUSTi&ILITY  TEST. ALTER-
NATELY ONE-INCH THICK, SOU:JD-AtXXv3lNG,  Ft8ROUS  GLASS
FELT tifL-I-Z?023,  TYI’E  II AND 6HEATHED WITH .032  INCH PER-
FORATED ALUMINUM, MINIMU 10%  FREE AREA SNALL  BE
USED.

CLIPS,‘I?NGLE  SUPPORTS & STAND-OFFS SHALL BE BONDED TO
$TRl!CTURE TO  ACCCX.+0DATE SFANDARD PANEL FASTENER
PATTERN (SEE SHEETS 2627  8.28 1.

PANEL BUTT 8 CURHER  .!OlNTS  SHALL BE SEALED 8Y CO!+
PRESSING 6 LB/F-T3 Rr;FRACTORY FISROUS  FELT STRIPS  INTO
GAPS &  COVERING WITH CRES FLASHINGS

DECKS REQUlRltJG  FIRE PROTECTIDN  (GROUP I b GROUP II)
SHALL HAVE .25  INCY THICK CEFIAPGIC  FIBER
MOIST FELT I~~SULATION  BONDED TO TtiIIM, USING A CERAMIC
CEMENT. THICKNESS DEFENDS ON FIRE LOADING.

WHERE REQUIRED AS SHDWN  ON lNSUi.ATlON ARRANGEMENT
PLANS, FIRE, THERMAL AND ACOUSTICAL INSULATION SHALL
BE CClXIBlNED  IN VARIOUS THICKNESSES AND FABRICATED INTO
S-FOOT WIDE PANELS

THE INSULATION PANELS SHALL BE QF A SANDWICH TYPE CON-
STAUCTIDN  CONSJSTING  OF AN ALLlliClNUM  BACKING SHEET.516
l&,Cij THlfX,C~5lNATlONS  OF  FIRE, THERMAL AND ACOUSTICAL
INSULATION IN THICKNESSES INDICATED IN LEGEND AND A
FACE SHEET AND EDGE CLOSURES AS FOLLOWS:

l IN MACHINERY SPACES (GROUP I FIRE HAZARD), THE FACE
SHEET SHALL BE .012  INCH THICK CRES  WlTH  CRES CHAN-
NEL TYPE EDGE CLOSURES.

e IN AREAS OTHER THAN MACHINERY SPACES REDUIAINO
THERMAL INSULATION OVER FIRE INSULATION. OR ONLY
THERMAL INSULATION, THE FACE SHEET SHALL  BE .032
INCH THICK ALUMINUM. ALTERNATELY, THERMAL IN!%J-
LATION  SHALi  BE HARD FACED INSULATION BDARO  CON-
FORMING TO MIL-l-742.

e IN AREAS REQUIRING ACOUSTICAL INSULATION OVER FIRE
INSULAT!ON,  THE INSULATION SHALL BE HARD SURFACE
Fl8ROUS GLASS ACOUSTICAL BOARD CONFORMING TO MIL-A-
23054. ALTERNATELY, THE INSULATION AMD  FACE SHEET
SHALL BE MIL-I-22023, TYPE II, SHEATHED .0X2  INCH PER-
FORATED ALUMINUM.
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MINERAL  NOTES &ONTO)
l PANEL LENGTHS ‘SHALL BE AS FOLLOWS:

DECK BULKHEADS OVERHEAD

01  LEVEL B’- 7* L G 6’-0”  LG

MAIN DK 7'-7"  LG 6:0-  LG

2ND  D K 7'-7'  LG 6’- O-  LG
3 R D  D K 7'-7"  LG 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, THEFIMAL  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 BUILT-IN 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, WMICH-
EVER IS LESS.

D. WHERE ONLY A PARTIAL AREA OF A BOUNDARY REOUIRES  IN-
SULATION, THE INSULATIO?d  SHALL BE INSTALLED SUCH AS TO
EXTEND 12 INCHES BEYOND THE AREA REOUIRING INSULATION.

E. BOUNDARIES ABUTTING INSULATED BOUNDARIES WHERE I&Ll-
LATION  IS NOT OTHERWISE REQUIRED, SHALL BE INSULATED FOR
A DISTANCE OF 12 INCHES FROM SUCH INSULATED BOUNDARIES.

F .  DOOR
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A ACOW:
TIVE 1
DOOR:
MTIOI
REDUl
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SHALL.
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VERTII
STATU
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REQUII
$f’ECl  F
PLIED 1
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L. WHERE
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STALLf
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AB!
HEI

METHOC
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mt Lm OESCRIF~IOW ONE

c

XXX3  TO MFGAZINE AND MISSILE STORAGE SPACES SHALL BE
SULATED  b”lTH ONE-INCH BOARD.

ZOUSTICAL  TREATMENT. WHEREVER ACOUSTICAL ABSORP-
VE TREATMENT  IS REQUIRED FOR NOISE REDUCTION IN ROOMS,
IORS  TO THESE SPACES SHALL BE COVERED OK IF THE AD-
TIONAL  AREA IS NECESSARY TO OBTAIN THE RESIRED
EDUCTION.

ME SURFACE OF THE ACOUSTICAL AEKSORPTIVE  TREATMENT
#ALL BE PAI:JTED  AS SHOWN IN PAINTING SCHEDULE.

mERE ACOUSTICAL ABSORPTIVE TREATMENT IS REQUIRED ON
fERTlCAL  SURFACES, TREATMENT SHALL BE ELIMINATED BEHIND
FATUS BOARDS AND LARGE EOUIPMENT  WHICH HIDES THE
WLKHEA~SAYD  WHERE SOLID  SHEATHING  Is REOUIRED.

MERE ALUMINUM SHEATHING IS USED, THE SHEATHING MAY
bEPORh:ED  &To  p”‘JS  AND SECURED TO THE STRUCTURE WITH
MROUGH  CONNECTIONS.

mLESSOTHERWlsE  SPECIFIED, IF ACOUSTICAL TREATMENT IS
~EOU~RED FOR ANY AREA 1~  WHICH THERMAL INSULATION is
PECIFIED, ORLY  THE ACOUSTICAL  TREATMENT SHALL BE up-
LIED TO THE PLAIN  SURFACES, AND THEFiMAL  INSULATION, IF
!EOUIRED,  SHALL BE APPLIED TO BEATAS  AND STIFFENERS.
kERE  AfmJ~lCN. ABS0RPTlVE  TREATMENT 1s  REOuiRED FOR
&OVERHEAD IN WHICH A.DROPPED  CEILING MUST BE IN-
VALLED,  ONE OF THE FOLLOWING METHO.DS  SHALL BE’USED:

a PERFORATED ALUMINUM SHEATHING SHALL BE INSTALLED
: AT THE DESIRED HEIGHT AND SOUND-ABSORBING Fl6ROUS

GLASS  FELT SHALL BE INSTALLED ~JIRECTLY  ABOVE AND
i, UPON IT.

$‘ PERFORATED HARD-SURFACE FIBROUS GLASS ACOUSTICAL
ABSORPTiWE  SOAR0 SHALL BE INSTALLED AT THE DESIRED

:’ HEIGHT WiTH  NO SHEATHING REQUIRED.

ETH~Ds aah  ABOVE Do N;OT ELIMINATE THERMAL INSULATION
EQC~IREMENTS  FOR THE OVERHEAR

@OSED  STANCHIONS  AND TRUSSES SHALL BE INSULAITED  IN A&L  CATE-
bRY I SPACE:;  WITH  A 3/44NCH THICKNESS OF MOLDABLE FIBER MOIST FE
tib%TION.  THE  MOIST FELT WILL  BE BONDED  T0  THE STANCHIONS AND
bSSES WITH  CERAMIC CEMENT. THE MOIST FELT SHALL BE OVERLAPPED
i/Z INCHES 1’0 PREVENT  A DIRECT PATH TO THE PROTECTED MEMBER.

_ _ ,..  .,<.i  , i ‘.i,’ . . .,_‘  . .,

1::*
t



3.  INSULATION PROTECTION

A INSULATION ON BULKHEADS OF COMMISSARY IN WAY DF HEAT-
PAODUClNG  COMMISSARY EQUIPMENT AND VEGETABLE-PEELING
MACHINES SHALL BE StiEATHCD.  INSULATION ON THE OTHER
AREAS ADJACENT TO THESE FIXTURES WHICH MAY BECOME WET
OR COATED WITH GREASE OR IN ANY AREA WHERE INSULATION
IS SUBJECT TO DAMAGE OR EXPOSED  TO HEAVY TRAFFIC. SHALL
AL.SD  BE SHEATHED.

INSULATION BEHIND LAVATORIES, SERVICE SINKS. WATER
CLOSETS, AND FOOD PREPARATION TABLES SHALi  BE SHEATHED A.
FROM THE DECK TO AT LEAST TWO FEET ABOVE THE WORKINQ
sURFACE OF THE FIXTURES

B .

c.

D.

E.

EXPOSED EDGES AROUND AIRPORTS, DODRS  AND EXPOSED
EDGES IN OTHER LOCATIONS WHERE SUCH EDGES ARE SUBJECT
TO DAMAGE SHALL EE PROTECTED BY LIGHT 2 OR FLAT BARS.

EXPQSED  EDGES OF INSULATION NOT SUatECT  TO DAMAGE
SHALL BE PROTECTED WITH  FIBROUS GLASS TAPE. a

INSULATiON IN PASSAGEWAYS AtdD  OTHER AREAS SUBJECT TO
HEAVY TRAFFIC, SHALL BE SHEATHED FROM THE DECK TO AT
LEAST 3t?ABOVE  THE DECK. SHEATHING SHALL BE CRES .Ol9
Al91  TY-304, FIN 4 c.
WHEN ATTACHING CRES SHEATHING IN WAY OF ALUMINUM
STRUCTURE, ALL SUPPORT ANGLES AND COAMINGS  TO BE IN%
LATED WITH DIELECTRIC TAPE.

1.  DECK COVERING
E
i

DECK COVERING
RANGEMENT DRAW
TRATE THE INTE(
WITH THE DECK 1
ING SPEClFlCATlON
REGARDING DE’

UNDERLAY FC 2’0  8
DECK COVERING
AND UNDERLAY I
DECK SEAMS AF

DECK COVERING SH,
ELECTRONIC EQUII
PANELS SEE DWG I
MOUNTED EDUIM

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.

.? I

B, ANTISWEAT TREATMENT
la ACTIVE FIRE PROTEc&

A, ANTISWEAT TREATMENT TO BE APPLIED IN ACCORDANCE WITH
PAINT SCHEDULE.

THE ACTIVE FIRE -
ARRANGEMENT Dhr

7 . VAPOR BARRIER TRATE THE INTEGR
PRoTECtION  SYSTEI

A A VAPOR RARRIER COATING eONFORMING TO MIL-C-19993 OR .
EQUIV SHALL BE APPLIED TO  THE EXPOSED SURFACE OF ALL

- .

INSULATION WITHIN LAUNDRIES, SCULLERIE$  AND GALLEYS.
ONE HUNDRED PERCENT COVERAGE SHALL BE PROVIDED BY
ANY SlNGL6 COAT OF VAPOR BARRIER COATING SEE PAINT
SCHEDULE FOR APPLICATION.

8.  PAINTING

A STRUCTURE BEHIND HULL INSULATION SHALL NOT  BE PAINTED
UNLESS IT IS A WEATHER BOUNDARY OR BETWEEN AIR CONDI-
TIONED AND NON-AIR CONDI’TIONED  SPACES. SEE PAINT SCHED-
ULE FOR FINISH PAINTING OF INSULATION.

B. FORWARD SIDE OF FIRE ZONE BULKHEADS SHALL RECEIVE
TWO COATS OF THERMAL INSULATING (INTUMESCENTI  PAINT,
MIL SPEC M1L.C46081.

UNCLASSlFlED Figure B.6-



IG AND DECK IMSULATION  IS SMOWN  ON THE AR-
NIAWINGS  (SEE SHEETS 17  THROUGH 251  TO ILLUS-
;TEGRATlON  OF THE PASSIVE F\RE PROTECTOON
IK COVERING, WHERE REQUIRED. SEE DECK COVER-
TIQN  FJD L2463001  FOR COMPLETE INFORMATION
ECK COVERiNG.

20 SliALL  BE USED ONLY WHERE
K3  IS TO  BE SLOPED FOR  DRAINAGE
Y PC 21  SHALL BE USED ONLY WHERE
rAE  TD  BE FAIRED.

G SHALL NOT BE INSTALLED UNDER FURNITURE SUB-BASES,
1UlPhlE!‘4T,  MECHANlCAL  EOUIPMENT,  OR BEHIND BULKHEAD
rHiG LL802004TliRU  LL802007  FOR  EKTENT OF DECK
IPMENT,  EYC

mION  SYSTEM

1E  PRCTECTION  SYSTEM IS INDICATED ON YHE
DRAWINGS (SEE SHEtXS  8 THROUGH 11)  TO ILLLIZ%
‘EGRATION  OF THE ACTIVE AND PASSIVE FIRE
STEM. SEE DRAWING  NO LL555ooi  4 2 FOR  cm-
rTIDN  REGARDING THE ACTIVE FIRE PROTECTION

SIZE CODI  IOfNT me  no IIE
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4$YpgF” T 7952  CERAMIC FBRS  FELT LAt
FRi ._. __.

ji5836  933
SQ FT SQ  FT 5,226 CfRAMlC  F B R S  F E L T CARBORUNDUI

_FRAX OR ‘EQI
37,467 .I7q~  FT SQ FT  6,369 FIBROUS GLASS FELT - -  - .-..-.

I a l 6 9 .39  e-2

MATERIAL IDENTIFICATION LIST

Sh F-l?% FT +
2,062 .6l ,,;

SQ F T  SQ
4al96  .4:

T.
QG-A-766 TY n

=clFrsQ  l-l
9 9 6 7  25

.23,134 CRES SH FINISH 28

Q’FTbF 20,692l AL.  SH QQ-A-250/8
SO%?-H32I I7. .016’BACK  S H E E T  1::

B 1.012’PANEL CLOSURE

2,877 1 LEAD VINYL I I

10  1/2#  THERMAL INSUL , “LH3.2r. .-,I-.?.-  . ..̂ I.. -. I ..rm I ..,e-

I I‘I2 ADHESIVI

i 14  1 RESIN

1 CERAMIC

1,384

1,730

9 ,701

I.866

FIBROUS GLASS

EPOXY RM TEMP CURE

VlNYL  ASBESTOS

BETA FIBROUS GLASS

O R  EQUIV
M I L - C - 9 0 8 4
CLASS 2

~R”E”a$;~”

MIL-T- i 8830

CAROLINA NA

rzL,DLL)  .L3mSQ FT  sQ  FT  5,706 1 EPOXY t%u!j  bGGREG4-T~ IMIL-D-23003

1 I9 1 EPOXY COVERING
mm,  \, I I I

e I2 0  U N D E R L A Y  ;-‘-$j  qI ’z

2i
FEATHEREDGE  7

UNDERLAY  TO l/dTHK ,- ,

22 BOTTOM CHANNEL

. 23 i SUPPORT CHANI ~~

2 4 SUPPORT CLIP LdFTL  12143 .I

r20,238 .;7. ’2 5 INS!JLATOR  PAD 3 4 4

2 6 ANGLE 2&3’,  062 6 9 2 2  .20I d 1,384

lALUMiNUM l$j

CONTINUED Off SHEET NO 5
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LEGEND

FIRE HAZARD CATEGORIZATION

SPACES ARE CATEGORIZED q THRU  a 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,

1  q IHlGH  (MCHRY SPACES) II0  LEWSQ  FT
1

I MODERATE TO HIGH I 5-a  Lt3s/SQ  FT

le:  I MODERATE I 3 - 5  LBS/SQ  F T ’

kil bw I O - 3  LBS/SQ  F T

,A=ACOUSI‘ICAL c;Amow -‘SEE  sw33 7

0F  =THERMAL  C A T E G O R Y  - S E E  R E F  N O  7

’ IT&M. DECK COVERINGS
I

I r5 I DECK TILE

1 18 I
SLIP RESISTANT .@fj
COVERING I

I I9 I EPOXY

Y INCLUtWG  ACOUSTICAL AN0
U t F=FIRE,A:ACOUSfICAL,  T-1

1 I T E M  t PASSIVE FIRE I

I II 2’Ew I  T H F R

I

Figure B.6



D THERMAL IHSULATION

‘THERMAL, LV=LEAO VINYL

PROTECTION” 1 ACTIVE FIRE PROTECTlOr\
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BASIS FOR~YA~~~TERARCE  PUHPOSkS.

z wc:  SIC VALUE APPLICS  IN TWE  500.  two.  AND 7000 tt2  OCTAVE BANOS.  TM  sit
VALUE ISTHE  ARIIHMETIC  AVERAGC  OF THE SOUND PRESSURE LEVEL IN TffE

kllYARV  COW

i.tiOVE  THREE OCiAVE  @AfdOS
I.  TliE NOISE  LEVFL  IN ANV ONE OCTAVE BAND  MAV BE EXCEEDED BY TWO OECI8ELS

FOR EACH NOIS:  CAlFGORY.  IN THE  OCTAVE BANDS  WHERE 1HE  511  VII UE
AtfIlLS.  THE NOISE LCVIL  MAY EXCEED 1Hf  31  VALUE IN  ANY OF THE THREE
OCTAVE BAYOSPROVIOFO  THE ARIfIIMETIC  AVERAGF  OF THE LEVELllN  THE
THREE 8ANOS  OOES NOT EXCEED THE SlEClFltD  SIL  VALUE.
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