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This report describes the Concept Exploration andarrangement, general arrangements, machinery amaTys,

Development of small surface combatant (SSC) fer tmited
States Navy. This concept design was completed itwo-
semester ship design course at Virginia Tech.

The SSC requirement is based on the need for d, shast
littoral ship that has the ability to operate rigtt the coast. The
ship must be light, have the ability to launch aretover
helicopters, as well as launch missiles from aie&rtlaunch
system.

Concept Exploration trade-off studies and desigracep
exploration are accomplished using a Multi-ObjeztiGenetic
Optimization (MOGO) after significant technologysearch and
definition. Objective attributes for this optimizat are cost, risk
(technology, cost, schedule and performance) anditargi
effectiveness. The product of this optimizatioraiseries of cost-
risk-effectiveness frontiers which are used to tel@ternative
designs and define Operational Requirements (ORB4¢d on the
customer’s preference for cost, risk and effectssn

SSC Small, design 51, is a small littoral comtbep shat has
a sustained speed of nearly 50 knots. It has thigyab get close
to the shoreline where larger ships cannot operéte ship
contains a hangar that can hold 2 SH-60 Seahawicdfeérs, a
room dedicated to JP-5 fueling operations, andahksding pad
on the aft deck. The ship itself is armed withiadh deck gun and
a vertical launch cluster that can hold up to 1Ossites.
Furthermore, the ship has the ability to directsiés that have
been fired by other ships.

Design 51 was selected due to the high overall ureasf
effectiveness compared to the cost. On a plot congp@®MOE to
Cost, the point corresponding to design 51 was énee in the
curve. It also represented a higher measure of aiskpared to
others, but the design was still selected due ¢ohilgh level of
effectiveness.

Concept Development included hull form developmantl
analysis for intact and damage stability, strudttirdte element
analysis, propulsion and power system development a

combat system definition and arrangement, seakgegialysis,

cost and producibility analysis and risk analy$ise final concept
design satisfies critical operational requiremémtie ORD within
cost and risk constraints.

Ship Characteristic \ Value
LWL 107.85 m
Beam 13.5323 m
Draft 4.391m
D10 11.48 m
Lightship weight 2467 MT
Full load weight 3298 MT
Sustained Speed 44.1 kn
Endurance Speed 22 kn
Endurance Range 3030 nm

2 Rolls Royce MT-30 GT Enging
2 CAT 3616 Diesel Engines
2 Kamewa Waterjets

Propulsion and Powe

BHP 18050 kW
Personnel 69
OMOE (Effectiveness 0.807
OMOR (Risk) 0.963

Ship Acquisition Cost $491.31 million
Life-Cycle Cost $932.2 million

MK XII AIMS IFF, SPY 1-E Rada
MK48 VLS, 2x 50cal Machine
Gun, 57MM MK3 Naval Gun

Mount, 1x 7M RHIB, Towed Arra

Tripwire, Mine Avoidance Sonar,,
capable to store 2x SH-60 helos|i

Combat Systems
(Modular and Core)

hanger, Aviation Magazine
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1 Introduction, Design Process and Plan

1.1 Introduction

This report describes the concept exploration aageldpment of a Small Surface Combatant (SSC)Her t
United States Navy. The SSC requirement is baretieo SSC Initial Capabilities Document (ICD), aridginia
Tech SSC Acquisition Decision Memorandum (ADM), A&ppix A and Appendix B. This concept design was
completed in a two-semester ship design coursdrginia Tech. SSC must perform Anti-surface andssuface
warfare, Homeland Defense, ISR, Maritime Interdicti anti-terrorism protection, provide support &pecial
forces operations, logistics, mine warfare, and-aintwarfare in Carrier Strike Groups (CSGs), Editienary
Strike Groups (ESGs), Surface Action Groups (SA@sY Independent Ops (10s) It must be between 20@0
8000 MT in displacement and must be cost effectimeaning it must cost less than $300M with an alsol
ceiling of $400M. This ship will be placed to perfothe missions listed above in open-ocean arufdittwaters
with high target densities. Therefore, SSC willdtion in wave heights up to SS7 and survive in SS9.

1.2 Design Philosophy, Process, and Plan

Our design project consists of two main parts: @ph@nd Requirements Exploration (C&RE) and Require
Operational Capabilities (ROCs), or what missidrestioat will be carrying out over its lifetime. C&Rprovides a
consistent format and methodology for making affdrlé multi-objective acquisition decisions and &adfs in a
non-dominated design space. It also provides mactand quantitative methods for measuring mission
effectiveness and risk, as well as methods to betdwe design space for optimal concepts. C&RE staith an
ICD/ADM which is used to develop detailed CONOPS &@oncept Development. ROCs are evaluated to create
Measures of Performance (MOP) which are used tduateathe overall effectiveness of the designs thay
create. Using these MOPs, the design team idesfifiesign Variables (DVs), or the basic characiegghat the
ship will need to accomplish all missions requiratseset forth by the Navy. A Non-Dominated, desigace is
then created. This space (graph) allows the ddsigm to pick the most suitable design based ordkeand the
Overall Measure of Effectiveness (based on risk taedROCs). Once the design is picked, the detsigm can
put the details, such as mechanical systems, cosystems, electrical systems and drives, manning, a
modularity.

1.3 Work Breakdown

SSC Team 4 consists of six students from Virgiregl. Each student is assigned areas of work aocptal
his or her interests and special skills as liste@lable 1.

Table 1 - Work Breakdown

Name Specialization
Chaz Henderson Mission and Mission Effectiveness
Kirsten Talbott Hull, Mechanical, and Electricalsk
Ryan Kneifel Combat Systems, Manning, Cost
Michael Beynon Modularity
Christopher Lester Space and Weight
Jeffrey Martel Synthesis Model and Optimization

1.4 Resources
Computational and modeling tools used in this priogee listed in Table 2.

Table 2 - Tools
Analysis Software Package
Arrangement Drawings| Rhino
Hull form Development| Rhino/ASSET

Hydrostatics HECSALV
Resistance/Power NavCAD
Ship Motions SWAN, SMP

Ship Synthesis Model Model Center/ASSET
Structure Model MAESTRO
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2  Mission Definition

The SCC requirement is based on the SSC Missiond N&tatement (MNS), and Virginia Tech SSC
Acquisition Decision Memorandum (ADM), Appendix Andh Appendix B with elaboration and clarification
obtained by discussion and correspondence witlcustomer, and reference to pertinent documentsaafdsites
referenced in the following sections.

2.1 Concept of Operations

The SSC class will be able to operate as a scatabtkilar family of SSC ships with capabilities &ifint to
satisfy the full range of specified SSC capabitgguirements using interchangeable, networked arissiodules,
and with the option of more capable AAW sensors aedpons could also be modular, but would be adided
construction as a SSC variant or in a major avditiglusing a hull plug, modular deckhouse, or miadunast(s).
There variants would be able to contribute sigaificarea AAW support for ESGs or as part of CSGs.

SSC will also be used in support of CSG/ESGs. Tatitee SSC ships could be assigned to each gmikep
with MSCs and a carrier or amphibious ship. Thagsion configuration would complement the otheikstgroup
combatants. Larger SSCs may be able to contriut€3G and ESG area AAW defense. Tailored mission
configurations could include defense against mimedts, littoral ASW threats, and small boat thseasing
distributed off-board systems. High speed andtggitbuld provide tactical advantage.

SSC Surface Action Groups (SAGs) will also be zeil. They will operate as a force of networkedpelised
SSCs, providing collective flexibility, versatilitgnd mutual support. SSC and MSC SAGs could prodafense
against mine threats, littoral ASW threats, and Ifaat threats ahead of larger CSGs/ESGs includirsg-
response capability to anti-access crises. Highdspad agility should provide a significant tadtisdvantage.

During SSC Independent Operations, SSC would parfoherent (mobility) mission tasking in known tate
environments including defense against mine thyditttsral ASW threats, and small boat threats. iRapsponse
to contingency mission tasking could provide OTHidgEding, reach-back for mission planning, insergatraction
of USMC, Army, SOF personnel, and movement of cgrgisonnel. SSC could provide ISR ahead of CSG/ESG
operations and maritime interdiction/interceptigretions, overseas or in support of homeland defgrossibly
as USCG assets.

Ship deployments could be extended with rotatirguesr alternately returning to CONUS. Interchangeable
networked mission modules could be changed in 2y3din theater, to support force needs and chgrtpireats.
Some SSCs could be configured with more capable AgeNsors and weapons that could also be modular, bu
require extended availability for upgrade or change Hull plugs, modular deckhouse and modulartroptons
should be considered for these SSC variants. Thaydabe able to contribute significant area AAW o for
ESGs or as part of CSGs.

2.2  Projected Operational Environment (POE) and Threat

SSC will be used for world-wide operation in thued, littoral environments or constrained bodiés
water with smaller scales relative to open ocearfar& These environments create an increaseduliffi of
detecting and successfully prosecuting targetsillalso be used in open ocean environments asgp&SGs and
ESGs, so it must be able to withstand Sea Statie91

The threats that SSC will face are asymmetric, lapping, and commercially available. They inclubestts
from nations with a major military capability, dne demonstrated interest in acquiring such a chfyalWajor
military capabilities include land, surface, and launched cruise missiles, diesel submarines,-#dtatk cruise
missiles, and theatre ballistic missiles. It wik@ face threats from smaller nations who supgmamote, and
perpetrate activities that cause regional instidslidetrimental to international security and/awé the potential
development of nuclear weapons. These threats dmilseen in small diesel/electric submarines, lzaskd air
assets, chemical/biological/ radiological weapofieed and mobile SAM sites, swarming small boated a
sophisticated sea mines.

2.3 Specific Operations and Missions

The SSC will be capable of performing Underway Rephment operations, cooperatively detect, engage,
and destroy enemy aircraft with nearby AEGIS unitsnduct precision missile strikes, engage andekgmy
patrol craft and small boats, perform ISR of theray from littoral waters, map and neutralize enemigefields,
avoid or eliminate enemy submarines using LAMPs&8ooonduct shore bombardment in support of amphgi
assaults with ground troops, destroy incoming eneruise missiles, and map enemy coastlines if nikede
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2.4 Mission Scenarios

Mission scenarios for the primary SSC missions mavided in Table 3 through Table 6. These missions
include the support of SAGs, ESGs, and CSGs asasdhdependent Operations (10).

Table 3 — SAG Mission Scenario

1-8
9-12
13-20
21
22-26
26-27
28

29
30-36
37

38
39-54
55
56-60
58-60

Mission Scenario for Surface Action Group (SAG)
Transit from Home Port to forward base.
Refuel and replenish
Transit from Forward base to area of hogtilit
Avoid/Eliminate enemy submarine
Cooperatively, with Aegis unit, detect, ergagd destroy enemy aircraft
Execute pre-programmed precision missil&eston inland airfield
Conduct precision missile strike on enemy Néawility
Engage and kill enemy patrol crafts with .50+oakhine gun and harpoon missile
Receive new targeting information and conduissile strike on update targets
Cooperatively, with Aegis unit, detect, engaye] destroy incoming enemy cruise missile on AR® U
Detach from SAG
Perform ISR of enemy from Littoral Watersléatst 25nm from ESG).
Return to SAG
Receive new targeting information and conduissile strike on update targets
Conduct precision strikes in support of gbtrnoops

Table 4 - ESG Mission Scenario for SSC in MCM Confjuration

1-8
9-12
13-20
21
22-26
26-27
28

29
30-36
37

38
38-48
43-48
49
49-56
56-60
58-60

Mission Scenario for Expeditionary Strike Group @S MCM Configuration
Transit from Home Port to forward base.
Refuel and replenish
Transit from Forward base to area of hogtilit
Avoid/Eliminate enemy submarine
Map and neutralize enemy minefield to all@eess to amphibious landing point
Execute pre-programmed precision missil&estn inland target
Conduct shore bombardment in support of amphgianding
Engage and kill enemy patrol crafts with .50+oakhine gun and harpoon missile
Receive new targeting information and conduistile strike on update targets
Cooperatively, with Aegis unit, detect, engaye] destroy incoming enemy cruise missile on ESG
Detach from ESG
Perform ISR of enemy from littoral watersléatst 25nm from ESG)
Search for enemy mines. Neutralize themuhib
Return to ESG
Map and neutralize enemy minefield to all@eess to second amphibious landing point
Receive new targeting information and conduissile strike on update targets
Conduct precision strikes in support of gbtneops
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Table 5 - CSG Mission Scenario for SSC in AAW Condjuration

Mission Scenario for Carrier Strike Group (CSG)AW Configuration

1-8 Transit from Home Port to forward base.
9-12 Refuel and replenish
13-20 Transit from Forward base to area of hogtilit
21 Search/Eliminate enemy submarine with LAMPs @adar
22-26 Cooperatively, with Aegis unit, detect, erggagd destroy enemy aircraft
26-27 Execute pre-programmed precision TLAM missitéke on inland airfield
28 Conduct precision missile strike on enemy Néawility
29 Perform ISR in order to facilitate the launchafaircraft from carrier
30-36 Receive new targeting information and conduissile strike on update targets
37 Cooperatively, with Aegis unit, detect, engay®] destroy incoming enemy cruise missile on SA® U
38 Detach from CSG
39-54 Perform ISR of enemy airfield from Littoralaférs (at least 25nm from SAG).
55 Return to CSG
56-60 Receive new targeting information and conduissile strike on update targets
58-60 Conduct precision strikes in support of gbtroops

Table 6 - IO Mission Scenario for SSC in MCM Configiration
Day Mission Scenario for SSC Independent Operation€MVConfiguration
1-8 Transit from Home Port to forward base.
9-12 Refuel and replenish
13-20 Transit from Forward base to area of hogtilit
21 Search/Eliminate enemy submarine with LAMPs @adar
22-26 Map and neutralize enemy minefield. CondS8& |
26-27 Execute pre-programmed precision TLAM missitéke on inland airfield
28 Conduct precision missile strike on enemy Néawility
29 Perform ISR in order to facilitate the launchafaircraft from carrier
30-36 Receive new targeting information and conduissile strike on update targets
37-44 Map enemy coastline. Neutralize any enemyemthat are found.
45-54 Perform ISR of enemy airfield and naval facil
56-60 Receive new targeting information and conduissile strike on update targets
58-60 Conduct precision strikes in support of gbtroops

2.5 Required Operational Capabilities

In order to support the missions and mission séesnaescribed in Section 2.3, the capabilitiegtisn Table
7 are required. Each of these can be related wifumal capabilities required in the ship desigmd,af within the
scope of the Concept Exploration design space,sttip’s ability to perform these functional capaigk is
measured by explicit Measures of Performance (MOPS)

Table 7 - List of Required Operational Capabilities(ROCs)

ROCs Description |
AAW 1 Provide anti-air defense

AAW 1.1 Provide area anti-air defense

AAW 1.2 Support area anti-air defense

AAW 1.3 Provide unit anti-air self defense

AAW 2 Provide anti-air defense in cooperation vather forces

AAW 5 Provide passive and soft kill anti-air defens

AAW 6 Detect, identify and track air targets
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ROCs Description |

AAW 9 Engage airborne threats using surface-t@airament
Conduct day and night helicopter, Short/Verticakd-aff and Landing and airborne autonomous

AMW 6 . .
vehicle (AAV) operations

AMW 6.3 | Conduct all-weather helo ops

AMW 6.4 | Serve as a helo hangar

AMW 6.5 Serve as a helo haven

AMW 6.6 Conduct helo air refueling

AMW 12 Provide air control and coordination of aperations

AMW 14 Support/conduct Naval Surface Fire Support (NSKE@)rest designated targets in support of an
amphibious operation

AMW 15 Provide air operations to support amphibiopsrations

ASU 1 Engage surface threats with anti-surface aremis

ASU 1.1 Engage surface ships at long range

ASU 1.2 Engage surface ships at medium range

ASU 1.3 Engage surface ships at close range (gun)

ASU 1.4 Engage surface ships with large calibefigan

ASU 1.5 Engage surface ships with medium caliberfigai

ASU 1.6 Engage surface ships with minor caliberfigein

ASU 1.9 Engage surface ships with small arms genfir

ASU 2 Engage surface ships in cooperation withrdibrees

ASU 4 Detect and track a surface target

ASU 4.1 Detect and track a surface target withrrada

ASU 6 Disengage, evade and avoid surface attack

ASW 1 Engage submarines

ASW 1.1 Engage submarines at long range

ASW 1.2 Engage submarines at medium range

ASW 1.3 Engage submarines at close range

ASW 4 Conduct airborne ASW/recon

ASW 5 Support airborne ASW/recon

ASW 7 Attack submarines with antisubmarine armament

ASW 7.6 Engage submarines with torpedoes

ASW 8 Disengage, evade, avoid and deceive subnsarine

CCC 1 Provide command and control facilities

CCC 1.6 Provide a Helicopter Direction Center (HDC)

CCC?2 Provide own unit Command and Control

CCC3 Maintain data link capability

CCcC14 Provide communications for own unit

CCC6 Relay communications
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ROCs Description |
CCCo9 Perform cooperative engagement
cccz2a1 Provide support services to other units
FSO 3 Conduct towing/search/salvage rescue opesatio
FSO5 Conduct SAR operations
FSO 6 Provide explosive ordnance disposal services
FSO 7 Conduct port control functions
FSO 8 Provide routine health care
FSO 9 Provide first aid assistance
FSO 10 Provide triage of casualties/patients
FSO 11 Provide medical/surgical treatment for chies#patients
FSO 12 Provide medical, surgical, post-operativetraursing care for casualties/ patients
FSO 13 Provide medical regulation, transport/evienand receipt of casualties and patients
FSO 14 Provide routine and emergency dental care
FSO 16 Support/conduct intelligence collection
INT 1 Provide intelligence
INT 2 Conduct surveillance and reconnaissance
INT 3 Process surveillance and reconnaissanceniaton
INT 8 Disseminate surveillance and reconnaissamcemation
INT 9 Provide intelligence support for non-combatavacuation operation (NEO)
INT 15 Transfer/receive cargo and personnel
LOG 2 Provide airlift of cargo and personnel
LOG 6 Conduct mine neutralization/destruction
MIW 3 Conduct mine avoidance
MIW 4 Conduct magnetic silencing (degaussing, dejreg)
MIW 6 Maintain magnetic signature limits
MIW 6.7 Steam to design capacity in most fuel éffit manner
MOB 1 Support/provide aircraft for all-weather opions
MOB 2 Prevent and control damage
MOB 3 Counter and control NBC contaminants and tgen
MOB 3.2 Maneuver in formation
Perform seamanship, airmanship and navigation {@sksgate, anchor, mooring, scuttle, life
MOB 5 boat/raft capacity, tow/be-towed)
MOB 7 Replenish at sea
MOB 10 Maintain health and well being of crew
Operate and sustain self as a forward deployedam#n extended period of time during peace apd
MOB 12 war without shore-based support
MOB 13 Operate in day and night environments
MOB 16 Operate in heavy weather
MOB 17 Operate in full compliance of existing USldanternational pollution control laws and reguat
MOB 18 Provide upkeep and maintenance of own unit
NCO 3 Conduct maritime law enforcement operations
NCO 19 Conduct sensor and ECM operations
SEW 2 Conduct sensor and ECCM operations
SEW 3 Conduct coordinated SEW operations with otimés
SEW 5 Support/conduct multiple cruise missile ik
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3 Concept Exploration

Chapter 3 describes Concept Exploration. Tradestftlies, design space exploration and optimizadian
accomplished using a Multi-Objective Genetic Opgation (MOGO).

3.1 Trade-Off Studies, Technologies, Concepts and Desiyariables

Available technologies and concepts necessary dwige required functional capabilities are ideetffiand
defined in terms of performance, cost, risk ang shipact (weight, area, volume, power). Trade-tifdges are
performed using technology and concept design petesito select trade-off options in a multi-ohjeegenetic
optimization (MOGO) for the total ship design. Teology and concept trade spaces and parametedescabed
in the following sections.

3.1.1 Hull Form Alternatives

To determine possible hull forms, hull charact@ssineed to be determined based on mission andasimi
ships. For the small SSC, these characteristidside an approximate full load weight of 2000 td8WMMT, a
range of 3000 to 6000 nautical miles, a total shafsepower of 40 to 70 mega-watts, and a sustapeed of 30
to 50 knots. The transport factor is calculateidgishe chosen hull characteristics. Design laaresthen used to
specify hull form design parameter ranges for thgigh space and the design space is defined.

Based on the mission and similar ships, the sm@&{ Should have smaller combat systems than DDG51,
including radar, cooling, missiles, and guns andemie. The small SSC should assist in medium cairfa
combatant (MSC) or multiple SSC ship missions all asindependent operations including mine or $inat
threats. It should also have a reasonable sustapeed requirement and a shaft horsepower griwer74000
hp. Displacement is expected to be between 200Ga00 MT.

To calculate the transport factor, the followingiation is used:

TF=((AxVS)+SHP)X5.0520w/MTXxkts

where A is the full load displacement of the ship, VS h& tsustained speed, and SHP is the installed shaft
horsepower in kilowatts, including the propulsiomdift systems.

Using a full load weight of 3500 MT, a sustain@ead of 40 knots, and a shaft horsepower of 55000the
transport factor is 12.86. Usitkgror! Reference source not found.and Table 8 - Transport Factor Example
, the transport factor is similar to that of a rihultl or semi-planing ship. Using a full load whtgof 5000 MT, a
sustained speed of 30 knots, and a shaft horsepafwi,000 kW, the transport factor is 18.95. Tikisimilar to
transport factor numbers for a monohull.

There are a few important hull form characteristizsake into consideration when designing an SSC.
They include the transport factor, a reduced ramtass-section, the ability to produce multiple shigood
seakeeping, and a high degree of modularity. Aiged radar cross-section can be achieved with aidhyb
enclosed mast and a smaller ship. Modularity aodyxibility can be increased with a reduced lifeticost and
designing systems to be modular. Good seakeeginde achieved with a multi-hull while structurfficiency
can be achieved with a monohull.

For this project, teams were assigned both displaoé monohull and semi-planing hull options. Our
team was assigned the semi-planing monohull. Hnerp ship to our team’s semi-planing monohulhis £CS-1
modified to specified design characteristics bydinscaling and adjustment of the deadrise angllee design
space is given irror! Reference source not found. The length should be between 90 and 110 metershee
beam to draft ratio should be between 3 and 3He [€ngth to depth ratio is between 8.5 and 1h& |déngth to
beam ratio should be between 6.5 and 8, and thdrideaangle should be between 12 and 14 degrels.sall
SSC should have a high speed hullform with s sustaspeed of 40 to 45 knots in addition to googhpision
space. Finally, the SSC should have reasonablegpexe.
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Figure 1 - Transport Factor Plot

Table 8 - Transport Factor Example

Ship or Concept " Type Speed TF  Power Range PayloacDisplacemel
t
Destriero 195P 50 7.32 51673 2000 260 1100
Fastship-Atlantic TG-770 20|SP (Design) 42(18.33480000 4800 1360C 3048
(design)
SOCYV (Fastship-Atlantic 21SP (Design) 36.530.99320000 4009 1000d 39474
daughter hull design)
Aker Finnyards HSS 1500 2isp 40 13.04 95000 500 130(¢ 4500
Aker Finnyards Swath 2000 23 Disp 40, 13.2125000 1004 2000 6000
(design) (Design)
INCAT 130m (design) 2Disp 63/ 18.35118008 4300 2000 500(0
(Design)
Sumitomo Monohull (design) 2Bisp 50/ 30.14266300 5000 100d 23400
(Design)
SS United States - As Built IBisp 37.2548.49240000 10000 5750 4545(
SS United States 1997 (design Digp 39.5 48.859240000 10009 575( 43179
(Design)
1500' Slender Monohull (design) [E8sp 50] 43.86 525000 10000 2000d 67000
(Design)
DDG51 29Disp 3418.72100000 4500 800 8500
FFG7 3(Disp 2821.68 4000Q 6000 350 4500
Table 9 - SSC-small Design Space
L/B 6.5-8 L (m) 90-110
L/D 8.5-11.5 B (m) 11.25-16.9
B/T 3-34 D (m) 7.8-12.9
Cp 0.633 T(m) 3.3-5.63
Cyx 0.778 B (degrees)| 12-14
Cu 0.7-1.0
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3.1.2 Propulsion and Electrical Machinery Alternatives
3.1.2.1 Machinery Requirements

Based on the ADM and Program Manager guidancejnpett propulsion plant design requirements are
summarized as follows:

General Requirements The ship should be Navy qualified. It shouldnpdy with American Bureau of Shipping
(ABS) standards and requirements, including foiqacally unattended machinery spaces. The shiqulshbe
designed for continuous operation using distilfai in accordance with ASTM D975, Garde 2-D; ISP13, F-
DMA, DFM (NATO Code F-76) and JP-5 (NATO Code F-44n addition, it should have a minimum range of
5000 nautical miles at 20 knots.

Sustained Speed and Propulsion Powdrhere is a sustained speed minimum requirenfef@ &nots in full load,
calm water, and clean hull conditions using no nthem eighty percent of the installed engine rabhghe main
propulsion engines or motors. The goal speed hemwig\b0 knots in order to provide “just-in-timelidery”. The
propulsion system alternatives must span 40,00®$000 shaft horsepower (SHP) power range with stigice
power greater than 10,000 kilowatts (kW) unlessilagpower configuration is used.

Ship Control and Machinery Plant AutomatiemAn integrated bridge system should be considedsdh includes
integrated navigation, radio communications, imledommunications, ship maneuvering equipment gstems,
and should comply with the ABS Guide for One MaidBe Operated (OMBO) Ships. Auxiliary systemsceie
plant and damage control systems should be contstyanonitored from the SSC, MCC, and Chief Engitsee
office, and the systems should be controlled froemMICC and local controllers.

Propulsion Engine and Ship Service Generator Qedifon — Because of the criticality of propulsion and ship
service power to many aspects of the ship’s misaiwhsurvivability, this equipment shall be gradshck, non-
nuclear, and have a low infrared signature.

3.1.2.2 Machinery Plant Alternatives

The high speed requirements demonstrate a negugbrpower density. Because of this, only gasiheb
engines and epicyclical or planetary reduction g@are considered. The power requirements weisfisdtwith
two to four main engines, each rating 20,000 t®80 kW each. The propulsion efficiency at 40-50tkrrequires
waterjet propulsion. Kamewa S3 Series waterjelisb&iused. The semi-planing hull provides suéfitiroom for
three or four waterjets. Both mechanical drive amtdgrated power systems (IPS) were consideredanl IPS
configuration, DC Buses, zonal distribution, andnp@nent magnet motors were used. This providexthgement
and operation flexibility, future power growth, ingved fuel efficiency, and survivability with modse weight
and volume penalties.

3.1.3 Automation and Manning Parameters

Manning is the greatest cost over a ships lifetinfde cost of manning is sixty percent of the Navy’
budget. The largest expense incurred over a slifptane is the crew. One of the issues with magrs that the
manpower on a vessel can be put in harms way. Damantrol and firefighting are managed by manpowitr a
high risk to the personnel. Job enrichment, compliteracy, and response time are all human fadioat can
cause the death of personnel. Another problerhdsbckground of each sailor. Each background soii
different cultures and traditions that must be adsged in tight living spaces. The manning triaat thcludes
watch standing, maintenance, and damage controlresga significant amount of manning. Recent timraents
in technology has allowed for a reduction in manppaver most areas of a ship. That said it is gt in early
design phases to try and reduce the number of peeson a ship.

The use of computers or machinery in place ofqramel is automation. Automation can be appliechamy
areas of a ship. Firefighting can be replaceduigraated robot arms for fire suppression. Thesesaran sense
heat or smoke and if used with an automated smnirgystem they can keep personnel away from haFime
response time can be reduced by using an autorsgstem. Without the need for extra personnel duéirfire
manning is reduced.

Other technologies are available to help reducening. Watch standing technology can assist aivithaal
with automated route planning, electronic chartingyigation, collision avoidance and electronic kegping.
Video conferencing allows for the knowledge of expgersonnel without having them onboard. Computer
systems can be learned on shore rather than hawimave hands on experience. These tutorials earglayed if



SSC Design YT Team 4 Page 14

one forgets exactly how to perform a task. Usimgse computer systems helps make a ship papeilekseps
administration personnel on shore while allowingnthto perform their duties electronically.

Level of Automation v. Aquisition Cost

Aquisition Cost (SM)
rd
,

T
0% 05 06£& 065 07 O3 08 08> 08 080

Marning Factor (Cman)

Figure 2 - Automation Cost

A manning factor of 1 signifies a fully mannedgskihile a manning factor of .5 signifies a half mad ship
with half of the manpower simulated by automatidhe best solution is a manning of .65 allowingdatomation
yet having enough personnel available if the autmmavere to fail.

To build a manning model, guidelines must be us&tie U.S. Navy has a guide called a Ship Manpower
Document or SMD. The process includes: conducindROC/POE analysis, determining a directed manpowe
requirement, determining watch station requiremedtsveloping preventative maintenance levels, eding
corrective maintenance workloads, applying approvadffing standards, conducting on-site workload
measurements and analysis, considering utilityingslallowing margins, and conducting a fleet esviof the
documents.

A manning Response Surface Model (RSM) allows fog talculation of required manning. ISMAT
(Integrated Simulation Manning Analysis Tool) isedsto develop scenarios to test ability of the crew
dynamically allocates each task to a crew membg@rsize and make up of crew is optimized for foiffedent
goals: cost, crew size, different jobs, and wortilodhe total crew size is calculated using thenfda below:

NT =37449+ 8206* LevAuto- 609* MAINT + 1129* LWLComp- 5985* LevAutd
+ 208* PSYS3 LWLComp- 147* PSYS+ 852* LevAutd — 294* ASUW* PSYS
LevAuto+ 341* ASuw MAINT? - 684* PSY$* LWLCompt 413* PSYS3 LevAuto
CCC- 485 MAINT* CCC* LWLCompt+ 210* CCC* LWLComﬁ
NT = total crew sizel.evAuto= level of automationMAINT = maintenance leveL WLComp= length of the

waterline, PSYS= propulsion systemASUW = anti-surface warfare, an€CC = command, control and
communication.

3.1.4 Combat System Alternatives

Combat systems are grouped in sections. Theserseatclude but are not limited to: Anti-Air Waré&a
(AAW), Anti-Submarine Warfare (ASW), Anti-Surfaceaiare (ASUW), and Light Airborne Multi-Purpose
System (LAMPS).

3.1.41 AAW

The Anti-Air Warfare table shows the options tha mleal for this ship. They are described inftil®wing
paragraphs.



SSC Desig_gn VT Team 4 Page 15

Warfighting System Options ‘

AAW/SEW system alternatives Option 1) AN/SPY- 1E MFR, IRST, 1X MK16
Ram/Searam, MK XII AIMS IFF, Combat-SS21

Option 2) Seapar MFR, IRST, 1X MK16
Ram/Searam, MK XII AIMS IFF, Combat-SS21

Option 3) EADS TRS-3D C-Band Radar, IRST, 1X
MK16 Ram/Searam, Combat DF, ICMS

AN/SPY-1E is a multi-function phased array radapatde of search, automatic detection, transition to
track, tracking of air and surface targets, andsil@sengagement support.

The SEAPAR is a medium to long-range, 3D multi-beaniume search radar (VSR) which is suitable
for both air surveillance, helicopter guidance, éndet designation in the littoral environmentsis designed to
be used with the Evolved Sea Sparrow Missiles (EB3Ms roughly 75% smaller and lighter than AetiPhased
Array Radars. VSR is an S-band frequency, 3-Dkiray; and long range volume search radar. It canded for
enhanced ballistic missile defense (BMD).

EADS TRS 3-D is a multimode, C-band, ship mountad,and sea surveillance and target acquisition
radar. It automatically detects and tracks botfase and airborne fast moving targets servingasdsalone radar
and can be netter with other sensors. It can détect guided missiles, high speed patrol boatsusmdanned
aerial vehicles in extreme weather conditions.

i /A
Infrared Search and Track (IRST) is a integratatssedesigned to detect and report low flying ASCMs
by their heat plumes. It works by scanning theizwor +/- a few degrees but can be manually changesarch
higher. It provides accurate bearing, elevatiogl@rand relative thermal intensity readings.
Combat-SS21 is a network-enabled interoperabilitigh an open architectural design, and innovative
capabilities proven on modern platforms. Its cédlg@s include anti-submarine warfare, surface faee, anti-air
warfare, mine warfare, special operations, intetice, homeland defense, surveillance and recoanaiss

3.1.42 ASUW
Warfighting Systems Options

ASUW system alternatives Option 1) 5IN/62 gun, SPS-73, 1X 30MM CIGS,

RHIB, GFCS, Small Arms, 2x50cal Machine gu
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Option 2) SPS-73, 57mm MK3, RHIB, GFCS,
Small Arms, 2x50cal Machine gun, IRST

Option 3) SPS-73, 57mm MK3, RHIB, GFCS,
Small Arms, 2x50cal Machine gun

AN/SPS-73 is a short-range, 2-D, surface-searcigatuon radar system. At short ranges it can ddtee-
flying air units and provide surveillance of suagnits. It provides contact range and bearingrin&tion while
enabling quick and accurate determination of owmglisition relative to nearby vessels and navigatibazards.

The MK 45 5IN/62 gun has a range of over 60 naltimdes with Extended Range Guided Munitions
(ERGM). The gun mount is a basic Mk 45 gun mourthvei 62-caliber barrel, strengthened trunnion stgpo
lengthened recaoil stroke, an ERGM initializatioteifiace, round identification capability, and amamnced control
system.

The MK3 Naval 57 mm Gun (Bofors) is capable ofrigi2.4 kilogram shells at a rate of 220 rounds per
minute at a range of more than 17 kilometres.

T

The Gun Fire Control System (GFCS) is used to emgagface, air, and shore targets. It can mairtaiack
file on up to four Surface Direct Fire (SDF) or Aair (AA) targets assigned by Command and Deci¢©&D),
and a maximum of 10 NSFS targets entered at theGdumsole (GC).

The RHIB or Rigid Hull Inflatable Boats are 7 metdongs, weigh 4400 lbs, and have a beam of 9&eet
inches and a draft of 13 inches. Using a Cummiogdie, 234 horsepower engine, it can carry upd@édople.
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3.1.43 ASW

The Anti Submarine Warfare options help protect ship from submarines and other underwater threats.
Their purpose is to help detect and defend agaitisteat. The ASW combat system options are listete table
below.

Warfighting Systems Options

ASW Option 1) SQS-56, Nixie, 2xMK 32 Triple Tubels,

system alternatives MK 309 Torpedo FCS, SQQ 89 FCS, NDS 3(70
Vanguard

Option 2) Nixie, 2xMK 32 Triple Tubes, SQQ 89
FCS, MK 309 Torpedo FCS, NDS 3070 Vanguard

Option 3) Nixie, NDS 7070

The SQS-56 is a hull-mounted sonar with digital lempentation, system control by a built in
minicomputer, and an advanced display systems dixiremely flexible and easy to operate. It a®orporates
active/passive operating capability, as well agqureed beam, digital sonar providing panoramic e@rging and
panoramic (DIMUS) passive surveillance. A singf@em@tor can search, track, classify and designatiiphe
targets from the active system while simultaneousyntaining anti-torpedo surveillance on the passiisplay.

The MK 32 Surface Vessel Torpedo Tube (SVTT) B3V launching system which pneumatically launches
torpedoes over the side. It can handle the MK-d® Is1K-50 torpedoes and stow up to three torpedoEse
torpedo tube launches torpedoes under local cootn@mote control from an ASW fire control system.

Nixie is a tow-behind decoy that employs an un@gewacoustic projector which is towed behind thip.s It
provides deceptive countermeasures against acdusting torpedoes and can be used in pairs ongkesi
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3.1.44 LAMPS

Warfighting Systems Options

LAMPS/helo system alternatives Option 1) Dual SH-60, hangar

Option 2) 1 x SH-60, hangar

Option 3) Flight Deck

A SH-60 Seahawk is capable of ASW, search and eeg®8UW, special operations, cargo lift, and dejigy
sonobuoys. It extends the ships radar capabilitiféee Seahawk carries either Mk46 or Mk50 torpeddss
7.62mm machine guns, and AGM-119 penguin missiles.

Having a flight deck also allows for Vertical Takkebdnmanned Aircraft Vehicle (VTUAV). It providean
extension of the ships sensors and is suited fdr hisk missions. It is small in size and storadily onboard.

3.1.4.5 Combat Systems Payload Summary

In order to trade-off combat system alternativethwiher alternatives in the total ship design, batrsystem
characteristics listed in Table 10 are includethaship synthesis model data base.

Table 10 - Combat System Ship Synthesis Charactetiss

ROCs Description
AAW 1 Provide anti-air defense

AAW 1.1 Provide area anti-air defense

AAW 1.2 Support area anti-air defense

AAW 1.3 Provide unit anti-air self defense

AAW 2 Provide anti-air defense in cooperation wither forces

AAW 5 Provide passive and soft kill anti-air defens

AAW 6 Detect, identify and track air targets
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ROCs Description |

AAW 9 Engage airborne threats using surface-t@airament
Conduct day and night helicopter, Short/Verticakd-aff and Landing and airborne autonomous

AMW 6 . .
vehicle (AAV) operations

AMW 6.3 Conduct all-weather helo ops

AMW 6.4 Serve as a helo hangar

AMW 6.5 Serve as a helo haven

AMW 6.6 Conduct helo air refueling

AMW 12 Provide air control and coordination of aperations

AMW 14 Support/conduct Naval Surface Fire Support (NSK@)rest designated targets in support of an
amphibious operation

AMW 15 Provide air operations to support amphibiopsrations

ASU 1 Engage surface threats with anti-surface aremis

ASU 1.1 Engage surface ships at long range

ASU 1.2 Engage surface ships at medium range

ASU 1.3 Engage surface ships at close range (gun)

ASU 1.4 Engage surface ships with large calibefigan

ASU 1.5 Engage surface ships with medium caliberfigai

ASU 1.6 Engage surface ships with minor caliberfigein

ASU 1.9 Engage surface ships with small arms genfir

ASU 2 Engage surface ships in cooperation withrdibrees

ASU 4 Detect and track a surface target

ASU 4.1 Detect and track a surface target withrrada

ASU 6 Disengage, evade and avoid surface attack

ASW 1 Engage submarines

ASW 1.1 Engage submarines at long range

ASW 1.2 Engage submarines at medium range

ASW 1.3 Engage submarines at close range

ASW 4 Conduct airborne ASW/recon

ASW 5 Support airborne ASW/recon

ASW 7 Attack submarines with antisubmarine armament

ASW 7.6 Engage submarines with torpedoes

ASW 8 Disengage, evade, avoid and deceive subnsarine

CCC 1 Provide command and control facilities

CCC 1.6 Provide a Helicopter Direction Center (HDC)

CCC 2 Coordinate and control the operations of the taglmization or functional force to carry out
assigned missions

Ccc3 Provide own unit Command and Control

CCC4 Maintain data link capability




SSC Design VT Team 4 PagEO
ROCs Description |
CCC6 Provide communications for own unit
CCCo9 Relay communications
Ccc21 Perform cooperative engagement
FSO 3 Provide support services to other units
FSO5 Conduct towing/search/salvage rescue opesatio
FSO 6 Conduct SAR operations
FSO 7 Provide explosive ordnance disposal services
FSO 8 Conduct port control functions
FSO 9 Provide routine health care
FSO 10 Provide first aid assistance
FSO 11 Provide triage of casualties/patients
FSO 12 Provide medical/surgical treatment for chigsépatients
FSO 13 Provide medical, surgical, post-operativeraursing care for casualties/ patients
FSO 14 Provide medical regulation, transport/evignand receipt of casualties and patients
FSO 16 Provide routine and emergency dental care
INT 1 Support/conduct intelligence collection
INT 2 Provide intelligence
INT 3 Conduct surveillance and reconnaissance
INT 8 Process surveillance and reconnaissancenation
INT 9 Disseminate surveillance and reconnaissamoernation
INT 15 Provide intelligence support for non-comiditavacuation operation (NEO)
LOG 2 Transfer/receive cargo and personnel
LOG 6 Provide airlift of cargo and personnel
MIW 3 Conduct mine neutralization/destruction
MIW 4 Conduct mine avoidance
MIW 6 Conduct magnetic silencing (degaussing, deyreg)
MIW 6.7 Maintain magnetic signature limits
MOB 1 Steam to design capacity in most fuel effitimanner
MOB 2 Support/provide aircraft for all-weather opigons
MOB 3 Prevent and control damage
MOB 3.2 Counter and control NBC contaminants anehégy
MOB 5 Maneuver in formation
Perform seamanship, airmanship and navigation f@skggate, anchor, mooring, scuttle, life
MOB 7 boat/raft capacity, tow/be-towed)
MOB 10 Replenish at sea
MOB 12 Maintain health and well being of crew
Operate and sustain self as a forward deployedamén extended period of time during peace and
MOB 13 war without shore-based support
MOB 16 Operate in day and night environments
MOB 17 Operate in heavy weather
MOB 18 Operate in full compliance of existing USlanternational pollution control laws and regdats
NCO 3 Provide upkeep and maintenance of own unit
NCO 19 Conduct maritime law enforcement operations
SEW 2 Conduct sensor and ECM operations
SEW 3 Conduct sensor and ECCM operations
SEW 5 Conduct coordinated SEW operations with otiméis
STW 3 Support/conduct multiple cruise missile ssik
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3.1.5 Modularity Alternatives

Modularity is the physical and/or functional grongiof elements of a complex system into buildingcks for the
purpose of easing construction, integration, ifetian, removal, and interchangeability. The meéethof
modularity is used primarily to facilitate changk. order to gain the most from mission modulegs itnportant to
consider the modules themselves, their interfeameds the overall platform.

Through previous uses of mission modularity, theree been several key advantages discovered.
Acquisition schedule improves by approximately 25%.

Displacement increases slightly and increasescime$umption.

Renovation cost and schedule improve by approximats.

Evolutionary acquisition capability improves.

Technology insertion capability improves.

Systems competition level increases.

Platform availability improves.

Fleet effectiveness improves.

Life cycle cost is 5-11% less than a non-modulgp.sh

When equipped with the appropriate ASW Mission Rgek the SSC will conduct multi-sensor ASW detegtio
classification, localization, tracking and engagetm& submarines throughout the water column indperating
environment. The SSC will have the capability tdbank ASW/multi-mission helicopters and unmannediaieb,
and will utilize Undersea Surveillance Systems,iremmental models and databases

Lockheed Martin Sea TALON (Tactical Littoral Oceldetwork) system successfully completed severalifsogmt
testing milestones in mid-2006 in its developmentia Anti-Submarine Warfare (ASW) mission module tfe
US Navy’s Littoral Combat Ship (LCS). Sea TALONanique undersea surveillance system that usesmote
Towed Active Source (RTAS), a multi-band transdunetworked with a Remote Towed Array (RTA), to pgde
search, detection and localization of quiet subnesi Each array is towed by an unmanned, semi-aunouns,
semi-submersible Remote Multi-Mission Vehicle (RM\Yn ASW-variant of Lockheed Martin's AN/WLD-1
Remote Minehunting System. The RMV, launched anutroded remotely from a forward-deployed LCS, will
provide the Navy's first unmanned, organic, realei ASW capability, significantly enhancing ship acréw
safety.

The SSC will make use of MIW environmental modeid databases. The Mission Package will enable 8SC t

e Detect classify and identify surface, moored antidmo mines to permit maneuver or use of selected se

areas.

e Coordinate/support mission planning and executidgth Woint and Combined assets in the absence of
dedicated MIW command and control platforms. MIWssion planning will include the use of organic
and remotely operated sensors. The LCS will exchavilyV tactical information including Mine Danger
Areas (MDA), mine locations, mine types, environtadlata, bottom maps, off-board system locations,
planned search areas and confidence factors.

Conduct mine reconnaissance.

Perform bottom mapping.

Perform minefield break through/punch through opiena using off-board systems.

Perform minesweeping using off-board mission system

Conduct precise location and reporting of a fuhiga of MCM contact data. For example: identified
mines and non-mine bottom objects.

Perform mine neutralization.

Employ, reconfigure, and support MH-60S for MIW ogt@ons.

Embark an EOD detachment.

Deploy, control, and recover off-board systems, grmatess data from off-board systems.

The SUW mission package contains several sensapave and software components packaged in a modular
fashion that easily and quickly swaps in and outhef SSC. These components include electro-optifralfed
sensors mounted on a vertical takeoff unmannesuediicle to provide over-the-horizon detection; 30mums to

kill close-in targets; four non-line-of-sight lauring system (NLOS-LS) container launch units or ssile-in-a-
box” systems, with each system containing 15 offengmissiles; and the MH-60R armed helicopter for
surveillance and attack missions.
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The SUW mission package has software that intesfagth the SSC command and control system to maiatad
share situational awareness and tactical contral @oordinated SUW environment. The software sup@uW
mission planning, receives and processes the contaotinal picture, runs surveillance operations, anequired,
initiates offensive actions against surface threats

Currently, there are several issues associated mitkion modularity. The Navy wants modules to bk @0 be
swapped out in a day or less. This will put aisten the interfaces for each module. They needbie to be
quickly detached, removed, and replaced. Otheiesaaround the world have chosen to pursue contruc
modularity, not mission modularity. This approgoiits more emphasis on open architecture for cost&iru
modules, than on mission specific modules. Thitesy has seemed to reduce costs more than missidumanity.
As a comparison, in the case of the LCS, the gated cost of the ship has risen. This though wasod the first
attempts at a U.S. Navy mission modular ship, s@acks in the process are surely possible.

In order to fully capitalize on the benefits of nubarity it is important to consider it in areas Apgble to change.
This means being able to anticipate future weagstems. Some areas considered for the SSC aregurRe and
ADS systems. ADS systems include; CLASS-N, a campightweight multi-sensor naval system used for
surveillance, target acquisition and as a weapstesy director. A second system is the SNS-2, a rsimgation
system that is adaptable for an integrated powstesy. Lastly, C-Eye is a midwave (3-5micron) isgFPA
naval thermal imager used for long range day/nifiservation and target acquisition

In the consideration of modules, there are sevaplaspects to consider. Prepackaging makes latgtal and
stowage aboard the SSC convenient and quick fosiomisadaptability. The containers themselves shaal
analyzed for space and weight saving. The palfielding each module allow for ease of movement stodage
aboard the SSC. The use of unstructured versustgted modules allows for further choices in thission
packages. Enhancement of capability through exgdhaf a module is very important. It does not ms&ese to
create a mission module that retracts from the lilip@s of the ship.

In order to implement modularity the platform steblle divided into zones associated with functid®®eparate
zones for weapons, sensors, electronics, and maghelements. Then, place module stations withinezo
Include necessary interfaces: structural, compceage water, and electrical or hydraulic powerndAto further
benefit the entire fleet, develop rules that guitedule design and interfaces within each zone.o\Bét a figure
depicting possible zone configurations:
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Figure 3 - Modularity System for a SSC

Figure 3 presents a possible schematic for impléimgmodularity in an SSC. The ship will be dividento
sections for each module, not unlike presently dasdsections devoted to various systems. Thierifice will
be that in a modular ship the sections will notstréctly devoted to one particular system. Theaareill contain
the necessary connections and power supplies foparposed module. In the figure the colored liass visual
cues demonstrating where modules could be locdtedj avith what systems could be implemented in tHrab.
The figure shows how multiple systems could begtesi for placement in the ship allowing missiongadaility.
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Figure 4 - Example Weapons Module

Figure 4 demonstrates the space saving capabitie®apons modules. The right image is the weaystem in
storage mode. This box could be stored in anyyeascessible region of the ship, the optimum lmsatvould be
where it could quickly be removed for installatiohe left image is the weapon system in the pooédeing
installed. The system is taken from its storagation, primed for installation by removing the fative casing,
preparing connections, and then dropped into ipg@piate location.

In the case of a truly adaptable platform, weigptace and service margins are designed into tltfompa Ship

services will be larger than normal to accommogaissibly increased demands for future systems. rmidaular

ship services concept will design ship servicebdaasily upgradable. For example: Instead oflamg® genset,
design ship with up to 4 smaller gensets, with egaiset added when needed. The configuration cfpthees will

correlate to module dimensions. A possible sotutimuld be to develop a standard grid concept.s TWould

mean space dimensions are multiples of standardulemdand installation and removal routes are desigor

easy module installation and removal. Centraligigig service distribution centers could be locategreas where
modules are installed. In the long run, removal mstallation of modules should have little effeatsurrounding
structure.

3.2 Design Space

The Design Variables (DVs) are variables that d&@nged from design to design in order to find th&noal
design for the necessary capabilities for a giveission or mission package. They include the general
characteristics of the ship, propulsion systemanirey and sustainability considerations, as welhasnecessary
war-fighting packages. They are used to develop Measures of Performance (MOPs) and the Values of
Performance (VOPSs).

Table 11 - Design Variables (DVs)

DV # DV Name ‘ Description Design Space
1 LWL Length at Waterline| 90-110m
2 LtoB Length to Beam 6.5-8m
ratio
3 LtoD Length to Depth 8.5-12m
ratio
4 BtoT Beam to Draft ratio | 3-3.4m
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5 VD Deckhouse volume | 4000-8000rm
6 Cdmat Hull Material 1 = Steel, 2 = Aluminum, 3 = Advanced Composite
8 PSYS Propulsion system | Option 1) 4WJ (2x30MW, 2x6.5MWsteer), 2xLM2500, 2XC3616,
alternative 4xCAT3508B
Option 2) 4WJ (2x35MW, 2x6MWsteer), 2xMT30, 2xSEMPIA,
4xCAT3508B
Option 3) 3WJ (2x30MW, 1x13MWsteer), 2xLM2500, 1xXT3616,
4xCAT3508B
Option 4) 3WJ (2x35MW, 1x12MWsteer), 2xMT50, 1XSEMPAGB,
4xCAT3508B
Option 5) 3WJ (2x30MW, 1x6MWsteer, IMW SPU), 2xLMEh
1xCAT3616, 2xCAT3508B
Option 6) 3WJ (2x35MW, 1x6MWsteer, IMW SPU), 2xMT50
1XSEMT16PA6B, 2xCAT3508B
9 Ts Provisions duration| 14 - 28 days
10 CPS Collective 0 = none, 1 = partial, 2 = full
Protection System
11 Ndegaus | Degaussing system| 0 = none, 1 = degaussing system
12 Cman Manning reduction | 0.5 -0.1
and automation
factor
13 AAW/SEW [ AAW/SEW system | Option 1) Sea Giraffe AMB radar, 1XMK16, Ram/Searafk XII AIMS
Alternative IFF
Option 2) Seapar MFR, 1xMK16, Ram/Searam, MK XIMS IFF
Option 3) EADS TRS-3D C-Band Radar, 1xMK16, Ramfaeg Combat
DF
14 ASUW ASUW system Option 1) SPS-73, 1x30mm CIG, 57mm MK3
alternative
15 ASW/MCM [ ASW/MCM system | Option 1) SQS-56, Nixie, 2xMK 32 Triple Tubes, MRSBTorpedo FCS,
alternative SQQ 89 FCS
Option 2) SQS-56, Nixie, 2xMK 32 Triple Tubes, SBQFCS
16 C4ISR C4ISR system Option 1) Comm Suite Level A, CTSCE
alternatives
Option 2) Comm Suite Level B, CTSCE
17 LAMPS LAMPS system Option 1) Dual SH-60

alternatives

Option 2) SH-60

3.3 Ship Synthesis Model

The Ship Synthesis Model is responsible for makimg that the design of the ship is feasible. Tésigmh

must be balanced by making sure the weight andatisment are equal, the volume, space, electrmakpand
stability of the ship are adequate. The main candsrto make sure that the ship will be able to ttee
requirements set for it in performance, cost, riskd effectiveness. An engineering analysis is eeded be
performed in order to verify these requirements] #ime ship synthesis model aids in this process 3tip
synthesis model is made up of modules and file peepthat represent each design requirement airdctiges,
which will determine the design attributes of thngps Figure 5 below shows the flowchart for thepshynthesis
model, and each module is described thereafter.
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Figure 5 - Ship Synthesis Model in Model Center (M

Each of these modules is composed of FORTRAN coanmdde that will calculate the output variables
based on the given input variables. Both the irgmat output variables are linked in Model CenterdsldCenter
will manage all of these inputs and outputs togesioelong as everything is linked together propg@ince linked
together, the entire synthesis model will run cattyeand will produce a ship that will meet all thie constraints
set in the input module.

The first module that is seen is the Input moduilds module is not FORTRAN code, but rather adist
all of the input parameters needed to run the ggishmodel. The list is comprised of integers amabdes that are
all given values based on the ASSET baseline deaighthose values are then subsequently linkedd¢b module
following. Without this input file, the synthesisohule would not be able to run.

The ASCHull module is the first of the FORTRAN cedbat is run, and it performs calculations that ar
associated with the hull of the ship. It takes tspfor waterline length, beam, depth at station di@ft, and
maximum section coefficient. These inputs are thenthrough the code and surface area, volumeeofuthload
displacement, waterplane coefficient, volumetrieffioient, beam to draft ratio, and block coeffitie

The combat systems module calculates the charstiterof the payloads. The module outputs the wigigh
vertical center of gravity, the variable weighte thariable weight center of gravity, structure igcCC weight,
auxiliaries weight, outfit weight, weapons weigB\WBS 100,400,500,600 and 700 vertical center ofities,
helo miscellaneous weights, expendable ordinandghtyesonar type, required deckhouse CCC area,irezju
deckhouse armament area, required CCC area, rdduile armament area, electric power required, deake
area required, hull area required, depth at statidnnumber of officers, number of enlisted, tatedw and
accommodations for each payload.

The propulsion module then calculates the charatitsy as delta from the baseline. This module
calculates the propulsion and generator systermacteistics. Then the module outputs the propulsoefficient,
sum of the number of engines multiplied by the pomilable for all engines online at sustainedesip¢he SEC
engine SFC or the main engine SFC, the maximumnengi motor height plus one meter, the machineacasp
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volume from SWBS 200, the SEC engine power avalalpld main engine power available, number of pltersl
database PGM engine number, the database SPGMeanginber, and number of PGMs.

Following this, the space available module caladahe amount of space that is available for useda
on the characteristics of the hull form. It caltetathe available volume for the machinery boxaltbull, cubic
number, minimum depth at station 10, and the awedepth of the hull form from deck edge to the basdhe
entire length of the ship. It calculates this basadinputs from the Input module, hull module, gdpulsion
module.

The electric module calculates the required powette ship design. The ship size, combat systants,
propulsion are important factors that go into deieation of electrical requirements. It calculathe electrical
load as well as auxiliary machinery room volumeisThodule also performs the manning calculation.

The weight module calculates the weight and orgenizeight based on SWBS number. This module
calculates loads such as the water, fuel, and dilbevertical center of gravity, and weights in bagingle digit
group (100-700). It also calculates overall KG, Kigd from those values is able to calculate GMs Hiso able to
give an estimate of the stiffness and stabilityalth based on the waterplane. From there, it issiids to calculate
the weight and finally the stability of the ship.

The Savitsky module calculates the resistanceesttip by using the Savitsky method. It also cal@d
performance parameters such as required endurdrafe l®orsepower, sustained speed, and diameteheof t
propeller.

The tankage module calculates the requirementshirship’s tankage. This outputs the total tankage
volume, endurance range from endurance fuel cdlonlagallons per year used, fuel volume, and ayera
effective break horsepower.

The space required module estimates the requiradespeeded on the ship based on calculations for
systems volume requirements. This is to ensuretieadesign is adequate to have these system#adsta board.
Its main goal is to ensure that the required volaneé area are less than the available space mockilagated
volume and area. This module calculates the redjudleckhouse area, available deckhouse area, tmalred
volume, and available required volume.

The feasibility module is responsible for checkihg calculated parameters such as space, weight, an
minimum performances to ensure that the ship meesign requirements. It will output the feasibilitgtio,
electric power feasibility ratio, deckhouse areasfhkility ratio, minimum and maximum GM/B feasibyliratio,
endurance range feasibility ratio, hull depth fe#isy ratio, and total area available to be arrghg

The cost module calculates the lead, follow actjaisi and lifecycle costs for the ship. This module
outputs the lead ship cost, average follow shipuisitipn cost, discounted lifecycle fuel cost 0@€ryears, follow
ship total ownership cost, and discounted life eyoanning cost over 30 years.

The OMOE module calculates the overall measurerérdffectiveness for the ship. It analyzes the
performance of each aspect of the ship and asiigngalue based on its performance. Certain aitiei are more
effective than others in improving ships perforngrtased on criteria set up before the design psdoegins.
Newer technologies generally offer better effectess than older designs.

The risk module is responsible for calculating dverall measure of risk. This module analyzes islesr
of each aspect in the design and determines havilliaffect the risk of the entire ship. New techogies and
higher automated systems are generally considerdst thigher risk than the older technologies tlaatehbeen
proven over many years.

In addition, Response Surface Models were createldiaked in to all of the other modules in order t
complete the ship synthesis model. A Response Guiidel is a methodology that uses a Design oEExrpents
to obtain an optimal response. This RSM uses Statismodels to approximate reality. In this shimthesis
model, there are 5 RSMs that are used: Prop, K\Wh,Wlj and SSCS. To create these RSMs, the basidsign
is opened in ASSET, Model Center is opened withMI@ASSET Interface model, and the DOE tool is si&ld.
Then, the specific RSM attribute is selected argigitevariables are changed to match the desigrifigue@ level
full factorial DOEs are then run for each RSM, dinel RSMs are finally constructed using the RSMkiboOnce
the RSMs are constructed, they are added intohipesynthesis model and linked.

Figure 6, below, shows the inner workings of ofithe RSMs, the Hull Volume RSM. Figure 7 showssthi
data in a graphical form.
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Figure 7 - Hull Volume RSM in Graphical Form

3.4 Objective Attributes
3.4.1 Overall Measure of Effectiveness (OMOE)

The Overall Measure of Effectiveness (OMOE) isrgld overall figure of merit index (0-1.0) descnigiship
effectiveness for specified missions. In order #&iculate the OMOE, we take our Measures of Perfaoma
(MOPs), which are ship or system performance nmetriaequired capabilities that are independenhefmission
(speed, range, number of missiles), and our Vadfi®erformance (VOP), which are figure of meritioes$ (0-1.0)
specifying the value of a specific MOP to a spedifiission area for a specific mission type, andrinthese values
into the following equation:

OMOE= gVOR(MOR)| = ¥ wvOR(MOR)
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Ideally, war-gaming simulations would be used tedit measures of effectiveness for the matrix luip s
performance inputs (DOE) in a series of probaligliscenarios. A regression analysis (RSM) wouldhthe
applied to the results in order to define the maudical relationship between the input ship MOPd antput
effectiveness. However, due to constraints, we @s@ert opinion to integrate these diverse inpuats assess the
value or utility of ship MOPs for a given missidarce, and threat. These values are detailed ite§dt? and 13.

Table 12 - ROC/MOP/DV Summary

Description MOP REIEED Goal Threshold

ROC DV

Steam to design
capacity in most
MOB | fuel efficient

1 manner MOP 15 - Es LtoB LtoB=10 LtoB=7
MOP 15 - Es LtoD LtoD=17.8 LtoD=10.75
MOP 15 - Es BtoT BtoT=3.2 BtoT=2.8
MOP 15 - Es PSYS PSYS=1 PSYS=6
Support/provide
aircraft for all-
MOB | weather MOP 8 -
2 operations Magnetic LAMPS LAMPS=1 LAMPS=3
MOP 11 -
MOB | Prevent and Seakeeping and
3 control damage | Stability LtoB LtoB=7 LtoB=10
MOP 11 -
Seakeeping and
Stability LtoD LtoD=10.75 LtoD=17.8
MOP 11 -
Seakeeping and
Stability BtoT BtoT=2.8 BtoT=3.2
MOP 10 -RCS | VD VD=200,000ft3| VD=140,000ft3
MOP 12 - VUL | Cdmat Cdmat=1 Cdmat=2 or 3
MOP 7 - IR PSYS PSYS=1 PSYS=6
MOP 12 - VUL | Ndegaus Ndegaus=1 Ndegaus=0
MOP 12 - VUL | Cman Cman=0.1 Cman=0.5
Counter and
control NBC
MOB | contaminants
3.2 and agents MOP 9 - NBC | CPS Ncps=2 Ncps=0
MOB | Maneuver in Required in All
5 formation Designs
Perform
seamanship,

airmanship and
navigation tasks|
(navigate,
anchor,
mooring,
scuttle, life
boat/raft
MOB | capacity, Required in All
7 tow/be-towed) | Designs
Maintain health
MOB | and well being | Required in All
12 of crew Designs
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MOB | Operate and
13 sustain self as 8 MOP 15 - Es LtoB LtoB=10 LtoB=7
forward MOP 15 - Es LtoD LtoD=17.8 LtoD=10.75
deployed unit | MOP 15-Es | BtoT BtoT=3.2 BtoT=2.8
for an extended| Mop 15-Es | PSYS PSYS=1 PSYS=6
period of time
during peace
and war without
shore-based
support MOP 14 - Ts Ts Ts=21 days Ts=14 days
Operate in day
MOB | and night Required in All
16 environments | Designs
MOP 11 -
MOB | Operate in Seakeeping and
17 heavy weather | Stability LtoB LtoB=7 LtoB=10
MOP 11 -
Seakeeping and
Stability LtoD LtoD=10.75 LtoD=17.8
MOP 11 -
Seakeeping and
Stability BtoT BtoT=2.8 BtoT=3.2
Operate in full
compliance of
existing US and
international
pollution
MOB | control laws and Required in All
18 regulations Designs
Provide unit
AAW | anti-air self
1.3 defense MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
Provide anti-air
defense in
cooperation
AAW | with other
2 forces MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
MOP 1 - AAW | C4ISR C4l=1 C4al=2
Provide passive
AAW | and soft kill
5 anti-air defense| MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
Detect, identify
AAW | and track air
6 targets MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
Engage airborng
threats using
AAW | surface-to-air
9 armament MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
Engage surface
threats with
ASU | anti-surface
1 armaments MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
MOP 2 - ASUW | LAMPS LAMPS=1 LAMPS=3
Engage surface
ASU | ships at close
1.3 range (gun) MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
ASU | Engage surface| MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
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15 ships with
medium caliber
gunfire
Engage surface
ships with
ASU | minor caliber
1.6 gunfire MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
Engage surface
ASU | ships with small
1.9 arms gunfire MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
Engage surface
ships in
cooperation
ASU | with other
2 forces MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
MOP 4 - C4ISR | C4ISR C4I1SR=1 C4I1SR=2
Detect and track
ASU | a surface target
4.1 with radar MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
MOP 2 - ASUW | LAMPS LAMPS=1 LAMPS=3
Disengage,
ASU | evade and avoid
6 surface attack | MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
Engage
ASW | submarines at
1.3 close range MOP 3 - ASW | LAMPS LAMPS=1 LAMPS=3
Conduct
ASW | airborne
4 ASW/recon MOP 3 - ASW | LAMPS LAMPS=1 LAMPS=3
MOP 3 - ASW | ASW/MCM | ASW/MCM=1 | ASW/MCM=4
MOP 3 - ASW | C4ISR C4I1SR=1 C4I1SR=2
Support
ASW | airborne
5 ASW/recon MOP 3 - ASW | LAMPS LAMPS=1 LAMPS=3
MOP 3 - ASW | C4ISR C4I1SR=1 C4I1SR=2
Disengage,
evade, avoid
ASW | and deceive
8 submarines MOP 13 - Vs LtoB LtoB=10 LtoB=7
MOP 13 - Vs LtoD LtoD=17.8 LtoD=10.75
MOP 13 - Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13 - Vs PSYS PSYS=1 PSYS=6
MOP 3 - ASW | ASW/MCM | ASW/MCM=1 | ASW/MCM=4
MIW | Conduct mine
4 avoidance MOP 3 - ASW | ASW/MCM | ASW/MCM=1 | ASW/MCM=4
Maintain
MIW | magnetic
6.7 signature limits | MOP 12 - VUL | Cdmat Cdmat=2 or 3 | Cdmat=1
MOP 12 - VUL | Ndegaus Ndegaus=1 Ndegaus=0
Provide
CCC | command and
1 control facilities | MOP 4 - C4ISR | C4ISR C4I1SR=1 C4I1SR=2
Provide own
CCC | unit Command
3 and Control MOP 4 - C4ISR | C4ISR C4I1SR=1 C4I1SR=2
CCC | Maintaindata | MOP 4 - C4ISR | C4ISR C4I1SR=1 C4I1SR=2
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4 link capability
Provide
CCC | communications
6 for own unit MOP 4 - C4ISR | C4ISR C4ISR=1 C4ISR=2
CCC | Relay
9 communicationgy MOP 4 - C4ISR | C4ISR C4ISR=1 C4ISR=2
Perform
CCC | cooperative
21 engagement MOP 4 - C4ISR | C4ISR C4ISR=1 C4I1SR=2
Conduct sensor
SEW | and ECM
2 operations MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
Conduct sensor
SEW | and ECCM
3 operations MOP 1 - AAW | AAW/SEW | AAW/SEW=1 | AAW/SEW=4
FSO | Conduct SAR | MOP 5 -
6 operations FSO/NCO LAMPS LAMPS=1 LAMPS=3
Conduct port
FSO | control MOP 5 -
8 functions FSO/NCO C4ISR C4ISR=1 C4ISR=2
MOP 13 - Vs LtoB LtoB=10 LtoB=7
MOP 13 - Vs LtoD LtoD=17.8 LtoD=10.75
MOP 13 - Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13 - Vs PSYS PSYS=1 PSYS=6
MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
MOP 5 -
FSO/NCO LAMPS LAMPS=1 LAMPS=1
Support/conduc
INT intelligence
1 collection MOP 6 - MCM | LAMPS LAMPS=1 LAMPS=3
MOP 6 - MCM | C4ISR C4ISR=1 C4ISR=2
INT Provide
2 intelligence MOP 6 - MCM | LAMPS LAMPS=1 LAMPS=3
MOP 6 - MCM | C4ISR C4ISR=1 C4ISR=2
Conduct
INT surveillance and
3 reconnaissance| MOP 6 - MCM | LAMPS LAMPS=1 LAMPS=3
MOP 6 - MCM | C4ISR C4ISR=1 C4ISR=2
Conduct
LOG | underway Required in All
1 replenishment | Designs
Transfer/receive
cargo and
LOG | personnel Required in All
2 (CONREP) Designs
Provide airlift
of cargo and
LOG | personnel MOP 8 -
6 (VERTREP) Magnetic LAMPS LAMPS=1 LAMPS=3
Provide upkeep
and
NCO | maintenance of | Required in All
3 own unit Designs
Conduct
maritime law
NCO | enforcement
19 operations MOP 2 - ASUW | ASUW ASUW=1 ASUW=3
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MOP 13 - Vs LtoB LtoB=10 LtoB=7
MOP 13 - Vs LtoD LtoD=17.8 LtoD=10.75
MOP 13 - Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13 - Vs PSYS PSYS=1 PSYS=6
Table 13 - MOP Table
MOP# MOP Goal Threshold Related DV
1 AAW AAW/SEW=1 AAW/SEW=3 AAW/SEW option
C4al=1 C4l=2 C4l option
2 ASUW/NSFS ASUW=1 ASUW=1 ASUW option
Mod SUw=1 Mod SUW=5 Mod SUW option
LAMPS=1 LAMPS=2 LAMPS option
C4al=1 C4l=2 C4l option
3 ASW/MCM ASW/MCM=1 ASW/MCM=2 ASW/MCM option
Mod MIW/MCM=1 | Mod Mod MIW/MCM
MIW/MCM=6 option
Mod ASW=1 Mod ASW=4 Mod ASW option
LAMPS=1 LAMPS=2 LAMPS option
C4i=1 C4al=2 C4l option
4 C4ISR C4al=1 C4l=2 C4l option
5 MISMOD LAMPS=1 LAMPS=2 LAMPS option
6 MCM LAMPS=1 LAMPS=2 LAMPS option
C4al=1 C4l=2 C4l option
7 IR SPGM=1 SPGM=0 SPGM Option
8 Magnetic Ndegaus=1 Ndegaus =0 Degaussing Option
9 NBC Ncps=2 Ncps=0 CPS option
10 RCS VD=4000 VD=8000 ?eckhouse volume,
m
11 Seakeeping and Stability LtoB=8 LtoB=6.5 LtoB
LtoD=12 LtoD=8.5 LtoD
BtoD=3.4 BtoD=3 BtoD
12 VUL (Vulnerability) Cdmat=1 Cdmat=3 Ship material
13 Vs (Sprint Speed) 50 40 | knots
14 Ts (Provisions) 24 14 | days
15 Es (Endurance range at 18 kt 6000 3000| nm
16 Dratft 3 5[m
17 Acoustic signature PSYS=3,4 PSYS=1,2,5,6 PSYS @ptio
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OMOE

OMOE Hierarchy

Survivability

Mobility

195 DP
Damage 210 DP
225DP E +5m2
Detection Baseline
50 kts -5m?
45 kts
4300 nm
3500 nm

—  Weapons 1

ASUW

ASW/MCM

2xSPY 1B, SPS-49, 2xSPG-62, AEGIS Combat System, MK 99 FCS
1xSPY-1B, SPS 49, 4xSPG-62, AEGIS Combat System, MK99 FCS
1xSPY-1D, 3xSPG-62, AEGIS Combat System, MK99 FCS
1xSPY-1B, SPS-49, AEGIS Combat System, MK99 FCS

SQS-53C, SQR-19 TACATS, Nixie, 2xMK 32 Triple Tubes,
MK 309 Torpedo FCS, SQQ 89 FCS, MK 116 UWFCS

SQS-56, SQR-19 TACATS, Nixie, 2xMK 32 Triple Tubes, SQQ 89 FCS

SQS-53C, Nixie, 2xMK 32 Triple Tubes, SQQ 89 FCS, MK 116 UWFCS
SQS-56, Nixie, 2xMK 32 Triple Tubes, MK 309 Torpedo FCS, SQQ 89 FCS

Figure 8 - OMOE Hierarchy

OMOE= g[vOR(MOR)| = 3 wVOR(MOR)

MOP 1 - Core MCM

MOP 2 - MCM Modules

Compare the relative importance with respect to: MCM Mission | Mission and Active Defense | MCM

MOP 6 - C41

MOP 1 - Core MCM
MOP 2 - MCM Modules
MOP 3 - LAMPS

MOP 4 - Spartan

MOP 5 - VTUAY

MOP 1 - Ca MOP 2 - M MOP 3 - LA MOP 4 - Sp MOP 5 - VT MOP G - C4

Figure 9 - AHP Pairwise Comparison
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Figure 10 - Bar Chart showing MOP Weights
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Figure 11 - Value of Performance Function for Sprin (Sustained) Speed

3.4.2 Overall Measure of Risk (OMOR)

The Overall Measure of Risk (OMOR) is very impottanship design. Knowing the OMOR for a specific
design and certain technology choices helps designake an informed decision regarding the techgythoices
and the amount of risk they are willing to accepsing the equation below, a quantitative overahbsure of risk
can be determined for a specific design with certachnology selections. Three types of riskscamsidered
when determining the value for the overall measfresk. They include performance, cost, and saled To
begin, risk events associated with specific desigriables, required capabilities, schedule, and ocwsst be
identified. Next, the probability of occurrence, #1d the consequence of occurrengefdC each event should be
estimated using Table 4 and Table 5. The riskefarh event should be calculated next by multiplygngnd G
together. The weights of each type of risk shaléd be estimated. Finally, using the equatioowethe OMOR
can be calculated.

OMOR= Wpe,fZZ—PC +wm2w PC, + SchedZkaC
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Related

DV

Table 10 - Risk Register

DV

Risk Event

Risk

SWBS  Risk Type DAV Options  Description Ei Description Pi
USN lack of
1 Performance 5 2 Hull Material | Implementati expgrience 05| 07! 035
Type on problems with
aluminum
USN lack of
1 Performancel 5 3 Hull Material | Implementati gxperience 05| 07| 035
Type on problems | with advanced
composite
Unable to
accurately lack of data
1 Performance 6 1,2 Hullform predict available for 05| 05| 0.25
seakeeping | planing hulls
performance
unable to
accurately lack of data
1 Performance 6 1,2 Hullform predict available for 04| 05| 0.2
resistance | planing hulls
performance
new
Integrated | Develop and a?\?ju;pr:tzrr]rt]s
2 Performance 7 2 Power use of new > SY 04| 04| 0.16
will have
System IPS system
reduced
reliability
Development unexpected
and :
Integrated integration of problems with
2 Cost 7 2 Power new 03| 0.6 0.18
new IPS .
System . equipment
systems will
have cost and systems
Development
and unexpected
Integrated | integration of | problems with
2 Schedule 7 2 Power new IPS new 03| 03| 0.09
System systems will equipment
be behind and systems
schedule
Development| equipment
Manning and and and systems
4 Performance 11 0.5-1.0 Automation | integration of will have 03| 0.7] 0.21
Factor automation reduced
systems reliability
Development
and unexpected
Manning and| integration of | problems with
4 Cost 11 0.5-1.0| Automation | automation new 04| 04| 0.16
Factor systems will equipment
have cost and systems
overruns
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Development
and unexpected
Manning and| integration of | problems with
Schedule 11 0.5-1.0 Automation | automation new 10 04| 04| 0.16
Factor systems will equipment
be behind and systems
schedule
Development new
of new equipment
Performance 14 4 MCM = | technologies| and systems) ., | 4,1 gl 024
Alternative and will have
integration of unknown
modules reliability
new
technologies
will have only
Development been used in
Performance| 12 1 VTUA\./ of new test runs, 12 0.3| 05| 0.15
Alternative : never real
technologies| _. '~ ..
situations and
therefore will
have reduced
reliability
new
technologies
will have only
Development been used in
Performance 13 3 SPARTAN of new test runs, 13 0.2| 0.3| 0.06
Alternative . never real
technologies| .. ..
situations and
therefore will
have reduced
reliability

Consequence

Level

Table 15 - Event Probability Estimate

Probability What is the Likelihood the Risk Event Will Occur?
0.1 Remote
0.3 Unlikely
0.5 Likely
0.7 Highly likely
0.9 Near Certain

Table 16 - Event Consequence Estimate

Given the Risk is Realized, What Is the Magnitude fahe Impact?
Performance

Schedule

Cost

0.1 Minimal or no impact Minimal or no impact Minghor no impact
Acceptable with some Additional resources required; <5%
0.3 S :
reduction in margin able to meet need dates
Acceptable with significant Minor slip in key milestones; 5-7%
0.5 e :
reduction in margin not able to meet need date
07 Acceptable; no remaining | Major slip in key milestone or, 7-10%
' margin critical path impacted
0.9 Unacceptable Can't achieve key team or >10%
' major program milestone
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OMOR= 3.568055556

3.4.3 Cost

There are many things to consider in the cost stfip. The life cycle cost of a ship is significandifferent
from the acquisition cost because it also inclutiesownership of the ship over its useful life spae life cycle
cost of the ship includes but is not limited to elepment, acquisition, operations, support, logsstand disposal
costs. A parametric method is used in calculatiogt.clt is a statistical method using “like” elerteto relate
weight and other parameters to cost. In a costeiibe following inputs are used: power and propulsystem,
deck house material, speed and endurance rangeyvdigme, SWBS weight groups 100-700, number of
personnel, profit margin, inflation rate, numbersbips to be built, and base year for cost calmnrat Using the
inflation factor the cost for each SWBS group 1@@-7s calculated. The weight of each group is iplidd by
complexity factors. This total is then multiplibgg margin weight and added to SWBS 800, 900 castnd up
with a lead ship basic construction cost. Addihgrge order costs, government costs, and deliwvstg produces
a final acquisition cost for the lead ship. Thelgyaf the cost estimate is important but usuallglass D estimate
of within 20% is adequate. Building more ships dstceffective because the lead ship is more experthie to
design costs. It also requires more effort from ghpyard because each time they build a new stap tlearn”
how to put it together. When building multiple shithe shipyard will learn to build each ship mofficently. A
learning factor helps estimate the cost of thefelships.

Total Lead Ship
Anuiisition Coat
Total Erd Cost Foat-Dedvery
Coat (PEA)
I I ]
Govesnmer| S hipbuBicer
Coat Cooat
Other Support Lead Bhip Price Change Ordiers
Frogram Mansgers
B Growtn Basic Cosi of Proft
Carstruation (BCC |
Psyfosd GFE
Margin
HMA&E GFE Cost
| |Integration and
_| Dutfiting Enginzering
Coat
| | Snip Assembly
and Scepipait
|| Other
EWES Coats.

Figure 12 - Naval Ship Acquisition Cost Components
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tn(n)

Learning Rate: By = 08 (for avery doubling of number sf units)  LF(n) = RLL”@ n=1.Ng

\ T Average Follow Ship Leaming Cost Factor:
nes— - Me
LF) K Y 15w
LTS P
Floy=—"— Fray=0921
| Ng=1
083 o 0 0
1 . Ng
Ship Ne/2 Leaming Cost Factor: Fr = - Fr = 0916

Figure 13 - Learning Factor

3.5 Multi-Objective Optimization

The Multi-Objective Genetic Optimization (MOGO)asprocess where multiple objectives are choseragad
optimized. For this design, the objectives aretCBfectiveness, and Risk. Cost and Risk are mized and
Effectiveness is maximized. The constraints asetdan feasibility. The Darwin input screens aseduto specify
the MOGO parameters. The first section of the Dramptimizer contains the objectives that are tcebaluated.
The second section contains system constraints.thitd section takes into account all desiredgiesariables.

Figure 14 - Multi-Objective Genetic Optimization (MOGO)
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3.6 Optimization Results and Initial Baseline Design (driant 51)

The non-dominated frontier presented in Figure Holasthe relationship between cost, effectivenesd,risk.
Figures 17 and 18 show that the most effectivegihssare some of the cheapest; however, those deasigrhigh
risk. For the purposes of this design, high riskigns are more likely to be looked at. It isriesting to note that

as cost increases, the overall effectiveness ahkddecreases. The designs that will be used $nrémort will be
those that fall in the range of high risk, higheetiveness, and low cost.

Pareto Designs

OMOE - o %94 Design 51
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o
0.75 - e & oY
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Figure 17 - 3D Non-Dominated Frontier
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Figure 18 - 2D Non-Dominated Frontier

3.7 Improved Baseline Design — Single Objective Optiméation

Design 51 was chosen to be further optimized usitoglel Center’s gradient optimizer tool. This tool
allows the fine tuning of continuous design varéghin order to maximize or minimize a certain chtaastic,
usually cost, or OMOE. In our single objective aptiation, cost was chosen two be minimized, whiléipg
constraints on other variables in order to keepntivéithin required values. Generally, other cost ais#
variables were given upper bounds equal to theneativalues obtained from the Multi-Objective omtation.
The Single Objective Optimizer was successful @ating a better design than Design 51. The costedsed
from $952.6 million to $921.7 million for the irgii ship, and the follow up acquisition ship costswaduced
from $387 million to $381 million. These cost saysrcome from making the ship smaller, from 108rG6m
in length, increasing the length to beam ratio ltexyin a skinnier ship, and increasing the lentgildepth
making a ship which has less volume under the serfln addition, the manning factor was increasduch
results in less automation. This cuts down on thednto purchase expensive machinery, and can ngdesi
technologies that are operated by ship personnel.

The tables following show the Design Variablesha ship and their final values for the optimizesutes:

Table 17 - Design Variables Summary

Design Description Trade-off Range Initial Improved Baseline
Variable Baseline
(Variant 51)

Waterline Length 90-110 106.839
CMan Manning factor 0.7-0.8 0.788 0.8
LtoB Length to Beam 6.5-8 7.978 8
VD Volume Displacement 5000-6000 5755 5612.83
LtoD Length to Depth 8.5-11.5 10.473 10.2827
Beta Deadrise Angle 12-14 13.578 14
Ccg .35-.45 0.3643 0.3801
Crd 0.6-0.7 0.619 0.65
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Table 18 — Improved Baseline Weights and Vertical énter of Gravity Summary

Group Weight VCG
SWBS 100 0.01 10.4355
SWBS 200 557.7 3.84
SWBS 300 144.7 6.07
SWBS 400 72.0192 11.6869
SWBS 500 9.88 9.4649
SWBS 600 0.01 10.4355
SWBS 700 22.5 10.7846
Loads
Lightship 2480.63 5.77355
Lightship w/Margin
Full Load w/Margin

Table 19 — Improved Baseline Area Summary

Area Required Available
Total-Arrangeable
Hull
Deck House
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Table 20 — Improved Baseline Electric Power Summary

Group Description Power
SWBS 200 Propulsion
SWBS 300 Electric Plant, Lighting
SWBS 430, 475| Miscellaneous
SWBS 521 Firemain
SWBS 540 Fuel Handling
SWBS 530, 550| Miscellaneous Auxiliary
SWBS 561 Steering
SWBS 600 Services
CPS CPS
KW \p Non-Payload Functional Load
KW vieLm Max. Functional Load w/Margins
KW 4 24 Hour Electrical Load

Table 21 — Improved Baseline MOP/ VOP/ OMOE/ OMOR 8mmary

Measure
MOP 1

Description

Value of

Performance

MOP 2

MOP 3

MOP 4

MOP 5

MOP 6

MOP 7

MOP 8

MOP 9

MOP 10

MOP 11

MOP 12

MOP 13

MOP 14

MOP 15

MOP 16

MOP 17

MOP 18

MOP 19

MOP 20

MOP 21

MOP 22

MOP 23

OMOE

Overall Measure of Effectiveness

OMOR

Overall Measure of Risk
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Table 22 — Improved Baseline / ASSET Design Princgh Characteristics

Characteristic Improved Baseline \ ASSET Feasibility Study
Hull form Planing Hull
A (MT)
LWL (m) 107.593
Beam (m) 13.4639
Draft (m) 4.44
D10 (m) 10.4355
Displacement to Length Ratio, C(lton/ft®)
Beam to Draft Ratio, &
W1 (MT) 660.389
W2 (MT) 733.621
W3 (MT) 116.449
W4 (MT) 97.4935
W5 (MT) 466.585
W6 (MT) 158.083
W7 (MT) 22.4952
Wp (MT)
LightshipA (MT) 2480.63
KG (m) 5.77355
GM/B= 0.09113
Propulsion system
Engine inlet and exhaust
MCM system
ASW system
ASUW system
AAW system
Average deck height (m)
Hangar deck height (m)
Total Officers 19
Total Enlisted 50
Total Manning 69
Number of SPARTANS 0
Number of VTUAVs 1
Number of LAMPS 2
Ship Acquisition Cost 386.645
Life Cycle Cost 546.76
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4  Concept Development (Feasibility Study)

Concept Development of SSC follows the design smirasequence after Concept Exploration. In Cohcep
Development the general concepts for the hull,esystand arrangements are developed. These geoerapts
are refined into specific systems and subsystemtsnieet the ORD requirements. Design risk is reduxzy this
analysis and parametrics used in Concept Exploratie validated.

4.1 Hull Form and Deck House

The objective of hull form and deck house desigio isiodel the improved baseline characteristicspitimize
drag on the hull form, to deliver a producible higiim, to determine if the hull is capable of sugijpg required
propulsion and mission systems, to shape and poditie deck house in order to support mission syst@rovide
for engine inlet and exhaust, and topside arrang&nand to design the hull for proper sea keeping.

These objectives are accomplished by creating ahrobull form that conforms to ASSET baseline
characteristics in Rhino. The rough draft createhino is then cleaned up (the hull surface feth a transom is
added, the bow is modified/fixed, and a deckhoasalded). Hydrostatic analysis is conducted in @8, which
generates curves of form and a righting arm cuii@ally, a 2-D drawing (lines drawing) is createddemonstrate
the final hull form and deck house.

4.1.1 Hull Form

Table 23 — Baseline Design

Characteristic Value
Displacement 2700 MT
LWL 110.5m
B 129 m
T 3.34m
D10 8.73m
Cp 0.57
Cx 0.8
Crd 0.85
Hull Flare
Bulb/Sonar Dome No
Deckhouse Tumblehome
DKHS Vol. 7050 m®

Figure 19 - Hull Form Modified in Rhino
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Figure 20 - Righting Arm Curve
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Figure 21 - Buoyancy Centers
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4.1.2 Deck House

E R [Wosabmse-ss5ET [ Smp [ oo [ Pl | Oanap | Recnd ity

Figure 26 - Deckhouse and Sections in Rhino

W End [ New [Pant [Md [Con [t [#Pop [ Ton [ Gusd [ Knot _|Poject M STiack |Disobe
[“crne x20 Vi3 2000 [MConbakSysens | Snap | Ontho | P | Osnop | Record Fstory.

Figure 27 - Hull and Deckhouse (Rhino)
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8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
REVISIONS
ZONE‘ REV | DESCRIPTION ‘ DATE APPROVED
LWL 1106 m
E Max Beam 129m E
Draft 33 m
— Depth 8.73m —
cB 0.76
D cP 0.57 D
cwp 0.766
Full Load Weight 7083 MT
C . _ — _ C
R —— —
=T =
—— .
— ===
I
] e e M s NN O 0 [ g == I~
B B
—r— =T
O o — /r Lines Drawing
“\_77(’; — —— Virginia Polytechnic
o e e e —— Team Institute and
4 State University
88C
A A
E:;eH ooia| D1 ?gﬁl
s I 7 7 6 I 5 T 4 T 3 T 2 1

Figure 28 - Lines Drawing

4.2 Preliminary Arrangement (Cartoon)

The objective of preliminary arrangements is toueaghat all necessary volume, area, and largectsbfi
inside the ship, to define the primary subdivis{ortiuding transverse bulkheads and decks), totéotzmnks and
primary spaces, to consider stability, trim, radesss section, machinery alignment with shaft aradewets,
damage stability, large object arrangements, erigiake and exhaust, structural efficiency, surkiligy, topside
and overall function, to make a preliminary arranget cartoon to guide more detailed CAD, and toehav
preliminary plan on where objects will go in thepsh

These objectives are accomplished by printinghhié and deckhouse profile and deck plan views from
Rhino. Then the tables for required area and velane built based off of the baseline synthesisaho#inally,
sketches are made on the profile and plan viewsimdPy subdivision with numbering is shown. Eleven
transverse bulkheads (TBHDs) are spaced an evetipfaudf frames apart with frame spacing at 2.5andler
spaces near midships and smaller near ends at AdrhCam respectively). Topside arrangement, missjecs,
machinery spaces, inlet/exhaust trunks, and atistane included.
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Figure 29 - Hullform and Deckhouse (Rhino)

Table 24 — Required Areas and Volumes
Parameter Value Description

VD 4497.39 m? [deckhouse volume]
Vik 977.015 m? [total tankage volume]
Vaux 834.153 m? [auxiliary machinery space volume]
y Yy sp
Vht 11038.6 m* [total hull volume]
Vmb 2512 m’ [propulsion machinery box volume]
ADPR 971.82 m* [required deckhouse payload area]
q pay
AHPR 682.418 m* [required hull or deckhouse payload area]
q pay
Ahie 138.88 m’ [required hull propulsion inlet and exhaust areal
Adie 416.64 m* [required deckhouse propulsion inlet and exhaust area]
Ts 17 [endurance days]
CN 4.76155 [hull cubic number]
NT 46 [total crew]
NO 13 [number of officers]
NA 0 [number of additional accomodations]
Adr 2205.06 m? [total deckhouse required area]
Ada 2199.16 m? [available deckhouse area]
Atr 4296.16 m* [total required arrangeable area]
Ata 4342.71 m? [total available arrangeable area]
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Combat 5521
50 CalMGs
HKER VLS , MK 325

5H405
Hangar 2

57 mm MK3 RHIE

ANEPET

~a
> A Somposie Mast

MEXKN AME IFF =
IRST

ANEPY1E

Figure 30 - Topside Arrangement

Figure 31 - Combat Systems (Stern)
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it | Exhaust F

FRAME SPACING

=2.8m

*TBHD= 6 and 7: 20 m

=Farward of TBHD 1 and aftof TBHD 11: 10m

Figure 32 — Cartoon

Small Surface Combatant (Aluminum Variant)

LENGTH AT WATERLINE 110.5m
EEAM 12.9m
DEPTH AT STATION 10 8.73m
DRAFT 3.34m
DECKHOUSE VOLUME 7050m*

e LT P

Figure 33 - Basic Characteristics
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4.3 Design for Production

Designing of a ship for production requires sormauthht. Beginning with a build strategy it is imtaort to be
able to have producible hull form structures. Gehgroup classifications are designated to difiesections of the
ship. The bow/stern is classified as 1000/300@I&wand generally contains more curvature and itransto
transverse stiffening. Sections that carry cargthe hull are designated 2000 and machinery a.5@n-board
electrical wiring is categorized in the 6000 sattio Special accommodations, combat systems, ghdskill areas
have a 4000 level designation.

Shipyards have begun to assemble ships in blodiossc Each block requires a certain criteria.odgk are
generally sectioned between transverse bulkheatfisavnaximum width of ten meters and a maximum tedf
100MT. Stiffeners and airlocks are placed on travérd side of the bulkhead.

When a ship goes into production, it is generallitbeginning with the lowest center block and iits way
out. The blocks are assembled in a way such thatbtbhcks are not required to be inserted in betwmen
previously installed blocks. This helps in ensuttingt the fitment is correct.

| d3zio |
[ wwwo [ qwso [ bsso [ uuo
\ Y410 Yszo Hzio | 41e
T wsio [ 4we Juwe |
[ f—a—— e | 230 | wwme | Te | o
o 1130 zuse | 1330 | 230 | 2136 [Wse
| 2120 T T rHe | avte | R0 2110 :tno
P S—— L .1 £ § AR A, "F_"-IIO',__J'[',: %10 T3 T0 AL i ’ g
no
Figure 34 - Claw Diagram
Table 25 — Claw Chart
Week 3240 3100 2400 2300 4400 2200 2100 4300 4200 4100 1100
1 2410 2310
2 3110 2320
3 3120, 2420
4 2430 2330
5 3130 2340
6 3140, 2440
7| 3240 2210
8 2220 2110
9 2120 1110
10 2230 1120
11 2130 1130
12 2240, 2140
13 4410 1140
14 4420 4310
15 4320 4210
16 4220 4110
17 4440 4120
18 4430 4330
19 4340 4230
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4.4 Subdivision
4.4.1 Hullformin HECSALV

Based on the ASSET parameters and provided offadtsiiform was constructed in Rhino. The mode$
constructed to fit the offsets as accurately asipteswhile also designing options for a deckhouBee to the shoi
length of the SSC and the nefed a spacious flight deck, the deckhouse shapesamedbecame variables in neec
iteration. A simple, tapered deckhouse was chéseninimize radar cross section while also maxingzusable
space. The deckhouse was not necessary for anaiytsic HECSALV software, however, it was important to hi
a general idea of the above deck arrangement ir ¢odoroperly locate machinery rooms with inlatsl @xhaust it

mind.

Figure 35 - Final hull shape in Rhino

Once the moel was finalized in Rhino, it was imported into tHECSALYV ship project editor by opening t
Rhino-exported .dxf file and defining design particulbosthe general shape of the hi

=iz

.3lakzR

Figure 36 -Design Particulars in HECSALV compared to ASSET baselin

While the functionality between Rhino and HECSALS/useful, it is not without flaws. The offsets exed
from Rhino did not automatically match the inputnfat needed by HECSALV. The sections used to desthe
hull hadto be redefined in some positions while also addirgfa sections to define more complex geometi
These added sections were needed at the aft shipen order to better describe the waterjet wams
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Figure 37 - Example of an offset section in HECSALV

Once the sections were correctly oriented and défithe deck edge was established by defining gimbne
3 inches below the design deck edge. With theiestand deck edge properly defined the hull waslyefor
analysis. Based on the below figure, the complstéd has a displacement of 3,493 MT which is shglarger
than the ASSET improved baseline design value28BMT. The increased displacement is causedéglihpe of
the SSC deck. In the original ASSET design, thekdapered along the length of the ship. In thalfdesign it was
decided to keep the deck at a constant heightderaio simplify stability analysis, provide a flgight deck for
aircraft, and increase usable space.

+[New Proiect/Geometry/Hull [=7E)

- Propetties 2t Design Keel Draft = 4.

Mien/Edit Offsets At Custom Draft.. | | Besign Brafl ™|

Plate Thick | mm 100 Volume | LCB | KB [ TCB
I

App Al 0.040 md | mfP | mBL | mCL
Height Margin 00 || Molded Offsets 3262 B16274 2721 0000
At m 1087004 | |+ Added Compariments - - - -
Fuud m B.830F | | - Sublracted Comparlments
Lower mé 0.000 | |+ Added Volumes - - - -
Upper m 11819 | |+ Shell Plating 16 BLEZA 2195 0.000
Fott [meL| £363F | | +Appendage Alowance 130 B1EZ7A 2195 0000
Stbd il 8.3635
Total Volume 3408 61627 263 0000
Displacement
in 5 alt Waler (1.050MT/md) | 3433 MT
in Freshwater (1.0000MT/md) | 3,408 MT

Figure 38 - Final Hull Design in HECSALV

4.4.2 Transverse Subdivision, Floodable Length and Prelimnary Tankage

The next step in the subdivision process was tindefeck locations and transverse bulkheads. dHo&
locations were chosen based on a desire for 5 ddokg with guidelines for deck heights. The inbhettom was
initially the governing point in choosing thesedtions. There needed to be enough space to prosiche for fuel,
while also not limiting the needed headroom in aokecks. The following figure describes the chodeok
heights.
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| +|Hew Project/References/Waterlines Iog Ued
*| Name | Wen | Last Updated
\ | meL |
e s o = 01 Level 11.810 2/3/20101:37:18 PM
ra== Main Deck 9.260 2/9/2010 1:37.53 PM
re=r [T Deck E.B00 2/9/2010 1:38:26 PM
M= Deck 3 4.200 2/9/2010 1:38:15 PM
= |rner Bottc 1.800 2/9/2010 1:37.04 PM
o [ el 0.000 2/6/2010 4:47.73 PM
ra= Ol 0.000 2/6/2010 4:47.13 PM

Figure 39 - Deck Heights in HECSALV

With the deck heights chosen and defined, the stext was to establish the transverse bulkheaddnsat
These dimensions were governed by the various campat sizes needed for ship components, along with
maintaining an acceptable floodable length. Thiesegn goals were further constrained by the wettégnsom.
This feature posed a potential problem for floodimgase of damage. It was remedied by shortahieglistance
between bulkheads in this vicinity, made possilylenoving the machinery rooms forward in the shihe results
of this design process are shown in the followiggries.

[ Mame [ Long | Last Lpdated
[ [ mfP |
[ 4P 107.8438 2/6/2010 44713 P
r [P S 53.9264 2/6/2010 4:47:13 PM
= FP 0000 2/6/2010 4:47:13 P

[S TEHDTT | 100.0004 2/14/2010 7.02:22 P
(= TEHD10 92,0008 2/16/2010 4:38:54 P
[k TEHDH 82,0004 2/16/2010 4:38:57 P

P ] P [= TBHD& 720004 2142010 7:02:14 P
[= TEHD? 56,0004 2/14/20107.02:12 P
\\\ [k TEHDE 48,0004 2/16/2010 4:39.06 P

[ TEHDS 34,0008 2/14/20105:16:41 P
(= TEHD4 24 0004 2/14/2010 5:16:43 P
[= TEHDZ 14,0008 2/14/2010 5:16:45 P
[ [= TEHDZ 6.0004, 2/14/2010 5:16:47 PM
"1 [ TEHD1 2.000F 2/14/2010 7.02:04 PM

Figure 40 - Transverse Bulkhead Locations

These dimensions provided ample space for macharafysupport areas while also falling within acebjs
limits on a floodable length curve. The orangedion the figure below demonstrate the floodabigtle

Damage Length (m)

-54 776-46 076-33.076 -28076 -15.076 4076 5925 19925 20825 3992547 92555960755
Damage Center

Permeabilty 0.950 — Permesbility 0.900
Permeabilty 0.530 Permeability 0.500

Figure 41 - Floodable Length Curve

Once the bulkhead locations and deck heights wefieetl and found to be acceptable, preliminary agek
was designed. The tankage requirements for thev83€ formed based on the ASSET improved baselines’
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tankage report. These requirements along withesgasignated for the various functions in the faesdign are
outlined via the following figure.

Tankage

Capacity

(m?)
JP-5 73.6 74
Endurance 614.1 624
Fuel
Ballast 264.1 267
Freshwater 17.5 18
Dirty Oil 4.4 6
Sewage 1.1 2

Figure 42 - Improved Baseline Tankage requirementss. Final Design Tankage

Because the fuel requirement was by far the largests located first. The inner bottom of theC38ovided
room for the main diesel fuel, as well as oil arakte tanks. The JP-5 fuel, needed for any airasaftl by the SSC,
was placed in wing tanks above the inner bottorhnis @llowed there to still be space for machinadyile also
keeping the JP-5 near the hangar where it woultleeled. After the fuel, the next largest tankageahd was the
ballast tanks. These were placed in 3 differecdtions, with the main goal being to keep the kaba far from
midship as possible, in order to maximize theireptiil to adjust trim. With these demands met/dlséstep was to
place the freshwater tank. It was placed behieddhward ballast tank in order to be close to tadioin spaces.
The locations described can be seen in the follgvijure. The colors in the top image correspanthe tank type
listed in the table below it.

~+|New Project/Geametry/Compartments by Group To@  Up

kﬁ|:\ [T |‘ ﬂ/

P s La
: ] H

: i — :
[ [ [ Capacity | 100% Full Center [ FreeSuface |
| Mame | Cow | Pem | LCG | VCG | TOG | Slack | 98%Ful | LastUpdated
| [ | m3 | mFF | mBL | wCL | m4 | md

Unassigne 0 539004 0000 0000 [ 0 2/14/20105:01:53 PM
tachinery [N 830 771164 amz 00815 1.009 402 2/14/20105:01:53 PM
Fuel (OF: I 662 624324 1392 0.000F 1,035 260 241472010 5:01:53 PM
Lube Oi 48 930114 1150 0000P 357 54 2/14/20105:01:59 PM
Freshwat [ NEGN 18 11.0854 2876 0.000P 12 8 2/14/20105:01:59 PM
S/ Ballas [ 258 57.0640 3974 0.0165 1,580 250 241472010 5:01:53 PM
Waste 5 952514 1146 D734P 13 3 2/14/20105:01:59 PM
Misc. Tank 0 539004 0000 0000 [ 0 2/14/20105:01:59 PM
Constant 0 53500A 0000 0000 i 0 214/20105:01:59 FM

Figure 43 - Preliminary Tankage

The final design exceeded the demands of the AS8ipioved Baseline, while also leaving space avhalédr
propulsion systems and shafts.

4.4.3 Loading Conditions and Preliminary Stability Analysis

Once the preliminary tankage was established, st wegessary to analyze the ship’s stability inotegiloading
conditions. These conditions were governed byti® Navy distributed document, DDS 079-1, whicHlinas the
requirements for the stability and buoyancy of INSval surface ships. This design required anyaisabf two
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different loading conditions; full load, and minimwperating conditions. These conditions are desdrby the
following two tables.

Table 26 - Full Load Condition per DDS 079-1

ITEM LOADS

Crew and effects Wartime complement

Provisions and personnel stores | Complement * # of days endurance. Quantities not
to exceed available capacity. 30 day limit on chill
stores. Medical and troop stores in normal

amounts.
General Stores All stores other than personnel stores which are
consumable. Based on Design Characteristics.
Ammunition Full allowance of ammunition with maximum

quantities in ready-service stowage and remainder
in magazines. For missiles and torpedoes, least
favorable quantity and disposition is assumed.

Lube Oil Storage tanks are 95% full, settling tanks are
empty.

Reserve feed and Fresh water All tanks 100% full.

Diesel Oil (other than for All tanks 95% full. Overflow tanks filled as

propulsion) necessary for endurance. Contaminated oil settling
tanks (COST) are empty.

Aviation or vehicle fuel All tanks are 95% fulll.

Airplanes and aviation stores Full design complement of aircraft, empty. Full

allowance of repair parts and stores. Distribution of
aircraft shall be most unfavorable from stability
standpoint.

Cargo Includes all items of ammunition, stores, provisions,
fuel water, etc. which are normally carried for issue
to other activities.

Propulsion fuel All tanks 95% full.
Anti-roll tanks Operating level
Sewage Holding Tanks (CHT) Empty

Water ballast tanks Empty

Table 27 - MinOp Load Condition per DDS 079-1

ITEM LOADS

Crew and effects Same as Full Load

Provisions and personnel stores | One-third of Full Load

General Stores One-third of Full Load

Ammunition One-third of full-load ammunition with maximum

quantities in ready-service stowages and remainder
in magazines. For missiles and torpedo least
favorable quantity and disposition is assumed.

Lube Qil One-third full load

Reserve feed and Fresh water Two-thirds full load

Diesel Qil (other than for One-half full load on ships below destroyer size;
propulsion) one-third full load on larger ships.

Aviation or vehicle fuel One-third of full load. Compensating fuel sea water

ballast (or ballast water in empty tanks) is taken as
remainder the load

Airplangs and aviation stores Same as full load.

Cargo No cargo for ships whose normal function requires
that they unload all cargo. For ships such as
tenders and replenishment types which do not
normally unload completely, assume one-third of full

load cargo
Propulsion fuel One-third full load with remaining tanks loaded in
accordance with liquid loading instructions.
Anti-roll tanks Operating level
Sewage Holding Tanks (CHT) Full
Water ballast tanks Empty”

With the loading conditions known, it was necessargdecide upon a design longitudinal center of/igyefor
the ship. This location is important because iegos the trim of the SSC. In order to have a t8ss than 0.1
meters, the design requires the longitudinal ceotegravity exist at 61.5 meters aft of the forwgrerpendicular.
Combining the loading condition with the designdinadinal center of gravity allowed an analysistibé SSC's
stability through the use of another one of HECSAd Yunctions. The results of this analysis arevaidoy the
following figures.
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Waste - - i -
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Stability Calculation Trim Calculation |Wind teal o
Khit 73w CF Draft 4376 m Wind Heeling Am Lw 5
VG 78 m CB (even keel] 61627 mfP Maximum Right Ratio
GMi Sold) 62 m 61.45%,_mfP Capsizing Area A2 mrad
FSc 1 m T1em 8% mMTrem Righting Area A1 m-rad
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Figure 44 - Full Load Condition Stability Results
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| {
S| v A _
- J | [ 1 | [
T I I
Weight VLG LCG TCG FSMom
Item MT m m-FP m-CL m-MT
Light Ship 2467 B.750  G61.5004 0.000
Constant 0 0.000  61.5004 0.000 0
Fuel [DFM) 19 0.513 B3.4674 0.000F 308
Lube Oil 14 0.630 93.0414 0.000F 161
S Ballast 0
Fresh 'w/ater 12 2373 11113 0.0005 1
Waste 7 146 95.3304 0.011F 0
Misc. Weights 400 E.000 539264, 0.000 1}
Displacement 3.091 E.234 BO.E70A 0.000F 479
Stability Calculation Trim Calculation
KMt 26 m LCF Diaft 4057 m
VCG 623 m LCE [even keel) 61.8174  mFP
GMt [Solid] 1022 m LCF 601784 mFP
FSc 0156 m MT1cm B mhTicm
Gt [Corected)] 0.8EE  m Trim 0463 mF
List 0.0 deg
Specific Gravity 1.0250
Hull calcs from tables Tank calcs from tables
Drafts Strength Calculations
Draft at F.P. 439 m Shear 187 MT at 52.0504 mFP
Draft at M.5 4085 m Bending Maoment F120H  meMT at 70.0504 mFP
Draft at AP 3850 m
Draft at FedMarks 5063 m
Draft at bid Marks 4853 m
Draft at Aftd arks 4638 m
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------ wind Heel Angle

|
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|
1.0 i
GI Curve - Calc Points Heel Curve
Parameter Uniits Value| Require
Wind Heel deg 136
Wind Heeling Arm Lw m 0167
Maximum Righting Am Ratio 015 05
Capsizing Area AZ m-rad 0,07
Righting Area A1 m-rad 0.3 003
Angle Limiting Area deg £0.0
Maximum Righting Arm m 1.035
Angle at Max. 62 deg £0.0
Projected Sail Area m2 637.98
Vertical Am ABL m 7.042
Heeling Arm at 0 deg. m 0176
Wind Pressure bar 0.02
Input Parameters
Wind Speed 100.0
Draft m 0.000
Projected Sail Area m2 600,00
Vertical Center of Sail Area -BL m 10,000
Factor f where p = F¥"2 (Ib//t"2) 00035
Roll Anale dea %0

5
GIm)

— — - FRolAnge  ------ DF Angle

Figure 45 - MinOp Load Condition Stability Results

These results are based on the SSC lightshipllinvater.

4.5 Structural Design and Analysis

MAESTRO was used to model the SSC and load it witlves under different conditions, including fulbtb
and minimum operating conditions. It is a coarssmfinite element solver that can evaluate indizidnodes of
failure. Error! Reference source not found46 shows the iterative process that drives thecstral design of the

small SSC.
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45.1

L Scantling Iteration
Geometry +——

Components / [ Modes of
Materials ! Failure rength
Loads —

Figure 46 - Structural Design Process

Geometry, Components and Material

The entire starboard side of the ship was modetddsaillustrated itError! Reference source not
found.47. To begin, materials, geometry, and scantlimge takn from ASSET’s Structural Modules, shown
Figure 48.The only material used was Alumin-5456. Properties of Aluminu456 were entered in
MAESTRO and are shown ihable 28 Next, all of the different sized beams and [datere entered int
MAESTROfor further use. Also added were the differeiffesier sizes and arrangements. ASSET’s Struc
Modules also included a picture with endpoint lamad. Showrin Figure 49 is an examptd the midship sectio

endpoint locations.

CR

AL 5450

STRINGER PLATE MI'RL TYPE-AL 5456

DENSITY, KG/

YTRT.D STRENGTI, MPA

MAX PRIMARY STRENGTH, MPA

ATT.OWART.F. WORKTNG STRENGTH, MPA
HULL LOADS 1IND-BM CONSTANT

MAX

STLEFFENER SPACING, MM 609.60

STRINGER PLATE WIDTH, M 1.83
STGMENT GROMETRY

———————— NODE COORD, M —-—————-—-—-—————————

SFG YTRB 7TB YOB

1 0.00 10.48 2.59

2 2.59 10.18 5.17

3 5.17 10.48 6.01

4 6.01 10.48 7.84

SEGMENT SCANTLINGS

MIN
609.60

70R HEADI1
10.48 2.54
10.18 2.51
10.48 2.51
10.48 2.52

(MM)
FLANGE
THKNESS NO

SCND. LOAD, M --

HFEAD?,

CATLG NO.OF
STIFF TK, MM

PLATE

SPACING

MM

————— STIFFENER GEOMETRY

WEB FLANGE WEB
SEG HEIGHT WIDTH THKNESS
1 *E 69.672 76.200 4.775
2 *E 69.672 76.200 4.775
3 *E 69.672 76.200 4.775
*E 69.67/2 /6.200 4.5

NOTE: *E STANDS FOR EXTRUDED SHAPE

457

Figure 48 - ASSET Structural Model
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Table 28 - Properties of Aluminum 5456

Material AL 5456
Young’s Modulus (N/rf) 6.895x10°
Poisson Ratio 0.33
Density (kg/m) 2.657
Yield Stress (N/f) 2x10
Ultimate Tensile Strength (NAn | 2.69x18

ASSET/ MONCBC V5. 3.0 - HILL STRICT MIUE - 2/27/ 2010 22:41. 58
DATABANK:- ASSET2009RSMBASH | NES- 1. BNK SH P-SSCSML
GRAFH C O SLAY NO 2 - SEGMENT

VD l 1 2 3 4
ID1 3 /
1 ss
ID2 3
2
ID3 -5/ &
1 BS

ID4

Figure 49 - Midship Section Endpoint Locations fromASSET

The ASSET structural modules were run at each la#hlocation to obtain specific geometry and
components for each section. Each section washh#husing this information. Endpoints were ceated with
strakes that represented individual plates. Sdra&es had girders depending on where in the getti® plate was
located. Transverse bulkheads were added to eectiors using quad and tri elements between endpoint
Longitudinal and transverse floors in the innertdot were created using compounds made of quadragiéments
that extend the length of each section. Stanchivese added in the machinery rooms using rod elénen
Stanchion properties are shown in Table 29.

Table 29 - Stanchion Properties

Stanchions Outside Diameter (mm) Wall Thickness (min Material

All 304.8 25.4 AL 5456

Using HECSALYV as a reference, the tank locationrsdiesel fuel marine (DFM) and ballast water tanks
were modeled in MAESTRO as well. This was donectsating volume groups. Each tank’s volume grogs w
created by selecting the bounding edges of thestamthe volume group dialog box.

The completed MAESTRO model is illustratedrigure 47.
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45.2 Loads

Before loads could be applied, restraints needdxt tadded to the model. The model had port-stadboa
symmetry, supplying centerline constraints of rellay, and yaw automatically. It was thereforeyardcessary to
prevent heave, pitch, and surge. To add thesaiast two y-restraints were added at the endsoaedk-restraint
was added at midships near the model's neutral & neutral axis placement prevented the restii@m
interfering with hull girder bending.

Next, the model's self weight needed to be addédA&STRO. This information was obtained from the
HECSALYV strength summary report and added into asnggoup in MAESTRO. Each module of the model avas
transverse bulkhead and had its own mass. In tb&de were 14 mass groups created in MAESTROgsom
modules containing more than one station. Theetabéd as reference from HECSALYV is shown in T&ble

Table 30 - Lightship Weight Distribution

Mo.| Long Ordinate
m-FP MT
1 3.238F [0.0000
2 3.238F 33454
3 2157F 3.9850
4 1.078F 47979
] 0.000 RE107
B 0.000 B.1020
7 R3924 101170
a 107884 13.4971
| 161774 161843
10| 161774 139683
11| 215704 172676
12| 269624 196431
13| 323884 216146
14| 377474 230664
15| 431408 232482
16| 485324 232568
17| 539284 234964
18| B59.317A 23043
19| EB4.7094 227631
20 701024 223676
21| 754944 21.8866
22| B0.887A 208838
23| Bh20MA 197822
24| BR201A  EB1.5446
2h | BEZ7Ih RE9IE3
26| 916724 45E018
27| 570844 31.7100
28| 1024574 17.4718
29| 1043434 126919
a0 1078494 11.4530
| 1078494 11.9802
32| 108927 102761
33| 110006 81977
3| 1100084 00000

There were a total of six load cases tested in MMES. They consisted of a combination of waves and

loading conditions. The waves tested includedigtier, hogging, and sagging while the differertds cases were
full-load and minimum operating conditions. Eaohd case had an emersion originally set to the dfahe ship.
The waves were trochoidal and included Froude-Kndéfects. The wave length was set to the lengttwben
perpendiculars of the ship. The amplitude wasrd@teed using the following equation:
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0.6 * VLBP

Amp = >

The stillwater cases did not have a wave, only simer The hogging cases’ phase angle was setdd 18
while the sagging cases’ was set fo Bl six cases were specified to include the ngrssips created previously to
represent the model's self weight. The full loabes included the volume groups with the DFM tafioks95
percent and the ballast tanks completely full. Tigktship cases included the DFM tanks 33 perdglhiand the
ballast tanks 66 percent full.

Since the model was the entire length of the ghigre was not a need to add a bending moment ar she
force to the load case<rror! Reference source not found50 shows the model with an applied sagging wave,
Figure 51 shows an applied hogging wave, and Fi§a@Earor! Reference source not found.shows a stillwater
case.

Figure 50 - Model with Sagging Wave

Figure 51 - Model with Hogging Wave

Figure 52 - Model in Stillwater

4.5.3 Adequacy

To test the strength of the model after the loadsevapplied, the adequacy of the plates was ardlyze
MAESTRO has a Scalable Solver that compares stoessach of the panels and beams for differentifaimodes
to create a strength ratio, r. To evaluate thejaaey of scantlings, an adequacy parameter isetbfus follows:

1-r

adequacy parameter =
quacy’p 1+r

Originally, the plates were not adequate enoughany places to support the load from the wavesnyMa
plates required an increased number of stiffenedarger stiffeners, sometimes both. This showet the sizes
provided by ASSET were a rough estimate at therimigg and further analysis needed to be done taimlhe
correct sizes. After some tweaking, the platesvadt the specified adequacy parameter number 88 -Or less.
Figures 53 and 54 show the plate adequacy foruthéohd hogging wave case. This was the worse cag of the
six cases evaluated. The red areas representeguaay parameter value of -0.22, which was accépfab the
first design.
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Figure 53 - Plate Adequacy for Full Load Hogging Wae Case (Conventional View)
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Figure 54 - Plate Adequacy for Full Load Hogging Wae Case (Alternate View)
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4.5.4 Revisions and Final Structural Design

Revisions to the current design would include clagnglmost all of the plates. Some of the plates a
over-designed and the design would benefit from ingakhem less thick, removing some of the stiffenesr
making the stiffeners smaller. Additionally, thiates that are above an adequacy parameter valliesoth as the
red plates above with a value of -0.22, shouldtifiesed more or the stiffener size increased.

From a production standpoint, there is a variee sizplates, stiffeners, and girders. Many of pege
thicknesses and the stiffeners should be madetwatd sizes for easier manufacturing. In additi@ms that are
similar in size should be changed to the same sitgés again would make production easier due toenumiform
sizes for plates, stiffeners, and frames then wehatirrently in the design.

4.6 Power and Propulsion

The objective of the power and propulsion moduléigalculate the resistance in NavCad using thieréio
method for endurance speed and the Savitsky mdtrosustained speed, to select an appropriate vjetteand
model its location and characteristics, to model diniving engines, to perform propulsion analysidNiavCad at
endurance and sustained speeds, to determiner&estpeed, and to calculate endurance range inQddth
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These objectives are accomplished by first detdngithe location of the water jets (this includestahce
from the baseline, the angle of the shaft, andtshiafmeter). Resistance is then calculated. Aftanpleting the
resistance module, engine and water jet data gmé into NavCad, which then determines the engiperating

conditions, the optimum reduction gear (RG) radiag the sustained and endurance speeds.

options x|
| Eeportsl

— Uritz & Decimal places
Length: Im j |3 j Kinematic visc: Im
Area: |m2 j |3 j Fuel rate: Igph j |1 j
W'eight: It j |2 j Frop length: Im j |3 j
Speed: Ikts j |2 j Tip speed: Imps j |1 j
Forze: IN j ID j Torgue: INm j IIJ j
Fiower: IkW' j ID j Pressure: IkF'a j I'I j
Density: Ikgr’mS j |2 j

[Eamwert | Imperial | 5l | Set az default units |

— Reference pointz

Dizplay LCBALCF from: v Aft of FP " Fwd of &P
Ok | LCancel | Help |

Figure 55 - NavCad Inputs (Units)

ptdata Comdamn
1 D Y F 5 &

serpion: (RN
b et Sgead k)

Mace devty EEE - |
¥t vz 1TEEEeE  mad zilfs N
s | sutpein | i L

4 g |
B fa2 1w |
I

B [Prnjoct dota - Concbtion

¥ b g1 Pl % 4
Dacriction: [SEREIL
MWater pripumtins S e
Mt denuiy EEL ' T — T —
et veat: 1TEEeE  mdh 2 I*:_ 1 N7
g | swpen | e B
4 IH g |49
5 & 10 50
L)) [Cp ]

Figure 56 - NavCad Inputs (Condition)
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Project data - Hull

¥l & L1 & % @
Condition Hull Appendage  Environment MMisic Propulsar
Data far: (il Ct-based | Elaningl
General I ax section area: |34.4888 me Cx: ID.S

Length between PF: I'I 105 m
WL bowe pt aft FP: I'I 24 m

Length on'wL: I'I 105 m
ax bearn on WL I'I 29 m
Max malded draft: |3.34 m

Dizsplacement bare: |2?EIEI t
wetted suface: 2 |[484356  m2

W aterplane area:

Trirn by stern:

I‘I‘IDB.?EB me
IEI m

LCB aftof FP: = |[E1545

Bulb ext fiad FP:
Bulb area at FF:
Bulb ctr abw BL:

o m
T
m m

Cw =|[07743
LCB/Lpp: [0.557

Tranzom ares; W m2 AtAdw W

Lhine ype: IHDund bigs :Iv Tranzom bear: IF m Bt/Bx: I'ID—
~ Parameter Tranzom draft; I'IS— m THT: IW

Lwl/B: 8.6653 Half ent angle: El 21.89 [eg

B/T: IW Bow shape: IButtock flaw [W-shape] j

Ch: W Stern thape: IW’L flaws [U-zhape] j

Cuz: W
— Catamaran

Hull zpacing: ID— m

Done | Help |

Figure 57 - NavCad Inputs (Hullform - Displacement)

Project data - Hull
] ’T L

Condition Hull Appendage  Environment Misc Propulsar

Drata faor: IMonohuII LI Ctbazed

r General Praj chine leriath: W i
Lenath between PP: IW' m e b 'T =
akbope R iD_ & Proj bottom area: B00 ma
Eentuai W & Dreadiize midchire: 'T dég
Masbesmonwl:  [1253 m LCG fdtransom:  [47.20458 m  LCG/eh/[04302
I ax molded draft: W il EG b Bl ’m =
Dizplacement bars;. W L TRkl
Wwietted surface: _g_l IW me Shaft angle to BL: iD_‘ dég
Chine type: !WI YCE showe BL: ,m m

e LCE fuad tranzom: 18 il
Lwl¢B: W — Flapz/medge
BT W Mumber of flaps: ID
Ch W Flap chord length: ID i
G iﬁ Flap span: ID m

Flap deflection: ID_. deg
_C:!:!Im;z::ing: !rl_.. - Flap location: lm
Done | Help |

Figure 58 - NavCad Inputs (Hullform - Planing)
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Project data - Hull
7l ’T T T
Condition Hull Appendage  Environment Misc Propulsar
Diata for: IMonohuII ;I Ct-based
- General Proj chine length: M‘ i
Length between PP: W m Mo chneboan IW =
LG SRR ID— it Froj bottom area; i} mz
Eencti sl W 12 D eadrise midchirie: W dea
Masesmanwl: [1283 ' m LCG fud transom:  |47.20898 m LCG/Lch 04302
g molded draft: W it G shave B ’m =
Dizplacement bare;. W t = Thiust ine
‘Wetted surface: i‘ W me Shaft angle to BL: ID_‘ deg
Chite type: lm YEE above BL: lm i
e LEE fad transom: IB it
Lwl/E: 0.4808 —Flaps/wedge
BT IW Hurmnber of flaps: !U_.
b W Flap chord lenath: !D_. m
B W Flap zpan: !D_. i
Flap deflection: !D_. dag
Done | Help |
Figure 59 - NavCad Inputs (Environment)
x
vl 5] u &£ %
Condition Hull Appendage  Environment Misc Propulsor
Type: I argin =
—Margin — Towed barge dmensians
Bazed on: Im Bow: m
Degign margin: EI I‘IU— 4 Sterm: lm
Length onw/L: ID— m
- Nlowed net dimensions I—
Tatal t:\line lenath: ID— i b i "
tax molded draft: ID— m
Twine diameter: ID— (]
Displacement bare: ID— t
W etted surface: = ID— me
Dirag marging
Appendages: = ID— i
Tow line: = ID— %
“wfind/seas: = ID— %
Shallow draft: =0 =
Done | Help |

Figure 60 - NavCad Inputs (Endurance Margin)

4.6.1

The Resistance module uses the Holtrop-Mennen methoalculate the total ship resistance at endéran
speed and the Savitsky planing method for sustadpedd. The endurance speed of SSC is 22 knbts sustained

Resistance
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speed of SSC is 50 knots. These methods appraxittnatbare hull viscous surface friction drag dredwave-
making mass movement drag. The total resistangesisn of the viscous drag (uses ITTC estimatedrantithn),
wave-making drag (force to move a mass of watanraddhe hull), appendage drag (drag of the propatid other
appendages), bulb drag (zero for SSC), and tramsagn The power is calculated and includes a 1@gim at
endurance speed and a 25% margin at sustained. spheceffective horsepower (EHP) required is a stithe
power needed to overcome total bare hull resistaaggendage resistance, and air resistance.

2 ncs sl
e Ede Vew Anayss Lo [
BetNdussd %3 @& LDER-B- ?
oo =]
0108
=
Cuson =
NIt =l .
o = 104
om0 =l
o =fo
a0 iy
a00°
g
4 //
8510 /
B0x0°
750105 /
"
7
7 E T k) El 7 7
Vellts
7 T T Ao 3 ) T o = =
4 Fi i fn o o a i} o it i i} ] ] LT fi) [y}
e 0z [y CGry TS T [ [y 57 T T T 00 )
T —r a— T 12— S— o o5 o o - T S 1 S— - W—
w0 oo dsrete ootnes 0 [ o 7 0 o sisis 0 763 i
w ¥ ] a 0 {Hi u o i FiE (T i o 3
Zw 3t 057 2 o {Ecy o o s s fi:cccd i) A
o
~51x]

N Re UEE-6B-[?

17000 //

PEtotal k.

1000 —

13000

P Farp Fiind 3 Fohan
) i 0} i}

Figure 62 - Sustained Speed EHP
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111 Hiydrocomp NavCad 2009 [Teamd T2SEndurance.ncs]
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Figure 63 - Endurance Speed EHP
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Figure 64 -Resistance at Endurance and Sustained Speeds
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20000 - .
Effective Power

18000 -

16000 -

14000

12000 - Holtrop Pebare -
.3 Endurance
X 10000 - —l—Holtrop Petotal -
w Endurance
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Figure 65 - EHP at Endurance and Sustained Speeds

4.6.2 Propulsion Analysis —Endurance Range and Sustained Spe

60

The propulsion system on the SSC is a CODLAG ctingi®f two gas turbines (MT30) rated at 36 b
each at 3600 rpm, two diesel generators (SEMT16RAGR:d at 4.6 MW each at 1050 rpm, one 1 |
secondary propulsion motor, two CAT3508B ship seruviliesel enerators, and two Kamewa-200 water
jets. The diesels are only operated at endurapeeds(22 knots) and the gas turbines are only tgubra

speeds over 30 knots, including sustained speeln(&i3).

Waterjet file editor [S3-200Loiter jet]
Descriptior: Data | Curve |
K.amewa 53-200 Loiter ‘Wateriet performance:
Speed Pawer Thiust
Tkis] (k] [kM] Ce ct Eff
r Unit 1 27000 973 7.001114 3.244851 0.463
) lﬁ' 2 30 27000 975 4.051571 2258 0.557
i e al 3|5 24500 55 B3noBEl  |a0B4776  |0486
Speed: ktz b2 4 |30 24500 915 3676425 2113046 0576
Force: KN = 5|18 22000 830 15.2837 5333431 0.343
: E |25 22000 860 5.704611 2.868008 0.503
Pawer: (At e I 7|30 22000 830 330128 1.922195 0.582
818 159500 a0 1354652 5017778 0.370
3 925 19500 795 5.05636 2.65124 0.524
. 0f30 13500 755 2.926134 1.748503 0.558
Irnpeller diameter: 225 m 105 17000 700 551.0136 58. 36062 0106
. 2z 17000 715 39.8532 10.34917 0.260
Nozzle diameter 15
REe HAmEEr " 7 | 17000 730 TI81013 4636126 |0398
Max [rated) RPM: 300 425 17000 720 4.408109 2401123 0545
e — =000 . 530 17000 [ 2.550389 1.563231 0613
Thiust anale ta BL: 1] Lvailable impellers: I~ Use speed corection
LCE fwd tranzom: 1] m Impeller S[Tjed Pawer BPM Speed Power RPM
] [ki] [kts] [kiaf]
W alimvzlEL o o 1 0 Z7000 |30 0 0 0
2 1] 1] 1] 1] 1] 1]
— 3 1] 1] 0 1] 0 1]
Hew | i Open Save as | 1 1] 1] ] 1] 1] 1]
5 1] 1 0 1] 0 1]
Use now | LCloze | Help |

x|

Figure 66 - Waterjet at Low Speeds
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Waterjet file editor [53-200.jet] 1'
Description: Data | Curve I
Kamewa 53-200 Sustained [for high end perfor Waterjet performance;
Speed Pawer Thiuist
kis] k] kM Cp Ct Eff
— Unit: 1 40000 1303 2832232 1.697408 0.670 -
) lﬁ_ 2 |42 40000 1283 2187437 1.515968 0.693
i sl u 3[4 40000 1235 1802503 [1329608 (0633
Speed: kiz = 4 |45 40000 1186 1.664983 1.168237 0.702
X - 5 |48 40000 1138 1.465412 1.025483 0.703
Farce: fid | B[40 36000 170 2279008 152415 |0F63
Power: I A 'l 7 42 36000 1153 1.968693 1.362362 0.692
g |44 36000 1110 1.712253 1.195032 0.698
_ g |46 36000 1066 1.438485 1.050034 0.701
= 0j4e 36000 1023 1.318871 0.9254545 | 0.702
Impeller diameter: |2.25 m 1]40 33000 1068 2083091 1.391276 [
’ 242 33000 1047 1.804635 1.237115 0.686
Mozzle d b |1 R
FEee Hlametet " 3|4 33000 1075 THEOEES 1092754 (069
b ax [rated) RPM: 300 41146 33000 974 1.373611 0.9534121 0.698
Max [rated] power: 40000 Kt 548 33000 935 1.208965 0.8458455 | 0.700 -
Thiust angle ta BL: ID Available impellers: ™ Use speed conection
LCE fwd tranzom: |5 m Impeller Speed Power FPM Speed Pawer BPM
[kts] [kwi] [kts] k]
WCE above BL: |1 k) m 7 i 30000 300 i] i] i] -
2 0 1] 1] 1] 1] 1]
] 0 a a a a a
Hew Save az | 1 0 1] 1] 1] 1] 1]
5 0 1] 1] 1] 1] 1] -
Usze now | LCloze | Help |

Figure 67 - Waterjet (High Performance)

Water jets were selected based on prior studide Idcation of each jet was assumed based on hullfo
which takes up all extra transom space. The chggethe Kamewa S3-200, has an impeller diamdt@rro, a
nozzle diameter of 1.5 m, a maximum rpm of 300 rang a maximum rated power of 40000 kW.

>

- - Free space i e N

Coupling with apacer

aneds aay Ly

Figure 68 - Kamewa S3-200 Waterjet
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SHAFTSPEED (RPM)
3 % mechanical losses Included

KAMEWA WATERJET PROPULSION
SINGLE 225511

300

280 F7one 1: unlimited 3]s
-zone 2: <500 annual operating hours
: nnual operatin

T T

-Recommended operatio

T 27000 BKW

50

A

24500 BKW

— 22000 BKW

NET THRUST & HULL RESISTANCE (KN)
3 % mechanical losses included

11-07-2003

MmD Y

Figure 69 - Waterjet Performance Curves
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1000

eSS
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IR | H

SRR
T g
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limited|-:- -+ 1eer
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Figure 70 - Waterjet Perfromance Curves



Figure 72 - NavCad Inputs (Waterjet Performance Cuves)
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_ ]
Waterjet file editor [S3-200.jet] x|
Description: Data I Curve |
K.amewa 53-200 Sustained [for high end perfor Waterjet perfarmance:
Speed Power Thiruzt
lkis] fkw] [kH] Cp i Bl
— Lkt 1 40000 1303 2032232 1.697408 0.E70 -
) - 2|42 40000 1283 2187437 1.515968 0.633
Piop lengit: [m =l 3 |+ 40000 1235 1302503 |1.329608  |0.639
Speed: ktz & 4 |45 40000 1186 1.664383 1.168237 0.702
) 5 |48 40000 1138 1.465412 1.029489 0.703
Foree: [l ] § [40 36000 1170 2279008 152415 | 0689
Power: IkW 'l 7|42 36000 1153 1.968693 1.362362 0.632
g |44 36000 1110 1.712253 1.195032 0.638
~ Parameters 9 46 36000 1066 1.438485 1.050034 0,701
- 10|48 36000 1023 1.318871 09254545 |0.702
Impeller diameter: 228 m 1140 33000 1068 2089091 1.391276 0.EEE
) 242 33000 1047 1.804635 1.237115 0.686
Mozzle di ter: I'I Rl
pEE dlametet " EIEn 33000 1015 1569565 |1.0392754  |06%
bz [rated] RPM: ISDU 14 146 33000 974 1.373611 0.9594121 0.698
M [rated) power: 40000 L 15|48 33000 935 1.2083965 08458455 |0.700 -
Thrust angle to BL: ID Ay ailable impellers: [ Usze speed comection
LCE fwd transam: |5 m Impeller Speed Power APM Speed Power BPM
P! [ktg] [k] [kkg] [k
WCE above BL: |'|.5 m 7 0 30000 300 0 0 0 .
2 0 0 0 0 0 1]
3 0 0 0 0 0 1]
MNew Save as | 1 i] il a i] a 0
5 0 0 0 0 0 1] -
Use now | Close | Help |
Figure 71 - NavCad Inputs (Waterjet)
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Project data - Propulsor ﬂ
4! D Wy &£ % )
Condition Hull Appendage  Environment Misc Propulsor

— General r— Propeller option

Profile/dezcription: |Kamewa 53-200 Loiter Scale cormr: Im
MHumber of propulzors: |2— Kt multiplier: [~ Std |1— il
Propulzor tppe; IW’ateriet ﬂ F.g multiplier; = 5td I'I— il
Propeller series: IB-series j Blade tic: [~ Std ID—

Jet file: §||83-2DDLoiter.iet Roughness: [~ Std ID— i
Impeller; I 1 j Fropeller cup: ID— mm

Mozzle area: |1 BT me Pitch type: FFF =

Impeller diam: |2.250 m Cav breakdown: [ &pply
MNozzle diam: |1.50IJ m P/ | Shaft angle com: [T Apply IU deg

Immersion: ID m Added angle of run: ID deq

— Engine/gear data

Engire file: g |2:SEMT1EPAEE_DB.eng Fropulsiar
sizing

Fated RPM/pawer: 1050.0 FPM / 12800.0 kiw

Gear efficiency: |1 5

Gear ratio: |1

Shaft efficiency: |1 EI

Done | Help |

Figure 73 - NavCad Inputs (Endurance Propulsion)
1I
7l D W & % &
Condition Hull Appendage Environment Misc Propulsor

— General — Fropeller options
Profile/description: |Kamewa 53-200 Sustained [f Scale com: I Mok j

Nurnber of propulsars: |2— Kt rultiplier: [~ Gtd I'I =
Fropulsor type: IW’ateriet j K.q multiplier: [~ Gtd I'I— =
Propeller series: IB-series j Blade t/'c: [~ Std IU—
Jet file: EI |53-200.iet Roughness: [~ Std ID— T
Impeller: I 53-200 j Propeller cup: ID— i

Mozzle area: I'I Nt ma Fitch type: FFF  |=

Imnpedler diarm: |2.25EI m Cav breakdown: [~ Apply
Nozzle diam: I'I.EDD m F/D Shaft angle com: [ Apply ID deg

Imrnersion: ID ] Added angle of run: ID deq

—Engine/gear data

Engine file: §| |MT 30D Bresr1.eng Prapulsion |
EEINg
Rated RPM/power  3600.0 RPM /350000 kw!

Gear efficiency: I'I EI
Gear ratio: I'I
Shaft efficiency: I‘I EI

Done | Help |

Figure 74 - NavCad Inputs (Sustained Propulsion)
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Once the water jet characteristics are found, tiadtshorsepower (SHP) is calculated for each shft
endurance and sustained speeds. The brake homse@mP) required for endurance and sustained sfgeed
calculated for the entire ship.
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Figure 76 - Sustained Speed Power
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Figure 78 - OPE at Sustained Speed

Engine performance maps are used for enduraneg spaditions in order to determine the engine R&M
optimum specific fuel consumption (SFC). The R@or& calculated and then the sustained speedhejPM is
determined. If the RPM is greater than 3600 rpma,RG ratio must be re-calculated for an enginedijoé 3600
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Figure 80 - Coupling at Sustained Speed
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Figure 81 - Waterjet at Sustained Speed
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Figure 82 - Sustained Speed Fuel Consumption
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Figure 84 - BHPreq at Endurance Speed
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Figure 85 - Endurance Speed Fuel Consumption

3
knt = 1.6%ﬂ— mile= kntlhr Iton = 22401bf nmi=kntthr  MT :=g[1000kg o ::43.63|:t—
sec on

From NAVCAD at endurance speed:

al
Vg:i=22knt Ng:=2 BHPgpg\i= 18310hp BHP.gpgM= 11218hp  GPHEeENG= 252.5%
From SSSM at cruise condition:

Ng:=2 KWgi=2000kW KW g = NGIKW

g g
KW :=2100kW SFC, := 35:-!m o 600]1;3'
24AVG G=- hpthr Fa1’
Conversion of units:
GPH, := Ng[GPH, GPH, =67 509§f SFG = GP—HE SFG =0 30&193H
: E ENG : hr SPGM EFEBHPeSPGM SPGM™ “- hpChr

Figure 86 - MathCad Inputs for Endurance Range
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Calculate the endurance range for the specified fuel tank volume - for Propulsion:

Correction for instrumentation inaccuracy and machinery design changes:
) . 1
f= |1.04 if BHEspgM = 5 BHRpGM fy=u

: 2
1.02 if BHEspGM 2 5 BHRPGM

1.03 otherwise

- . Ibf
Specified fuel rate: FRgp=1-SFCoqpayy  FRgp=1- hp b
Average fuel rate allowing for plant deterioration over 2 years:
R =1.05F FR Ibf

AvGp= 1.05FRgp AVGP™ 'y

Figure 87 - MathCad Calculations

Calculate the endurance range for the specified fuel tank volume - for Ship Service Power:

Correction for instrumentation inaccuracy and machinery design changes:

. . 1 _
Fg= | 104 i KWpyay6E - KWoior fop =1
. . P
102 i KWpsav62 5 KWytor
1.03 otherwise
Specified fuel rate: =f_;-8FC FR. = —lbf
P - FRgpg =g SFCy 3

Awverage fuel rate allowing for plant deterioration over 2 years:

Ibf

I:'R_—"':.TGg = I.Dj-mspg FE-_—",_TGg= I.hp-_h.f

Tailpipe allowance: TPA = (.95

Usable Fuel {volume allowance for expansion, 5%, and tank internal structure, 2%) and Endurance Range

VE4

— Wrgq = 0-MT
1.02-1056¢ At

W=

Wy V. TPA

BHP spenrFRAvGp + EWosaveFRAvVG:

Figure 88 - MathCad Results
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4.6.3 Electric Load Analysis (ELA)

Table 31 - Electric Load Analysis Summary

SWBS Description Condition I (kW) | Loiter (kW) | Cruise (kW) | In Port (kW) | Anchor (kW) | Emergency (kW)
100 Deck 0 0 0 17.1 11.5 0
200 Propulsion 225.2 225.2 225.2 0 0 204.6
300 Electric 71.6 71.6 71.6 34.8 34.8 50.3

430&475 |Miscellaneous 101.4 101.4 101.4 11.3 17.3 13.2
510 HVAC 421.6 421.6 421.6 421.6 421.6 97.6
520 Seawater Systems 32.6 32.6 32.6 32.6 32.6 32.6

530&550 [Misc. Auxiliary 77.0 77.0 77.0 77.0 77.0 235
540 Fuel Handling 55.1 55.1 55.1 0 0 0
560 Ship Control 47.3 47.3 47.3 0 0 47.3
600 Services 34.4 34.4 34.4 34.4 344 16.8
700 Payload 164.5 164.5 164.5 164.5 164.5 164.5

Max Functional Load 1230.7 1230.7 1230.7 793.2 793.6 650.4
MFL w/ Margins 1489.1 1489.1 1489.1 959.8 960.3 787.0
235 Electric Propulsion Drive 0 2319.4 0 0 0 0
Total Load w/ Margins 1489.1 3808.5 1489.1 959.8 960.3 787.0]
24 Hour Ship Service Average 826.8 826.7 826.7 436.3 436.5 496.3
Number Generator | Rating (kW) Condition | Loiter Cruise In Port Anchor Emergency
3 SSGTG | 3000 2 2 1 1 1 1

4.7 Mechanical and Electrical Systems and Machinery Arangements

Mechanical and electrical systems are selecteddb@senission requirements, standard naval requingsrfer
combat ships, and expert opinion. The Machineryifigent List (MEL) of major mechanical and eledtic
systems includes quantities, dimensions, weighis |@cations. The complete MEL is provided in Apgix D.

Many of the systems that were required had a spdcdation where they had to be placed, so thase\wut in
first. Following this, the rest of the machinerysavspread throughout the Machinery Rooms in ordendgimize
the space for personnel to work.

The restrictions that were faced consisted of the af the machinery relative to the size of thacgpavailable,
room in the Helicopter hangar to fit two SH-60'adaa small shaft angle from the engines to the wyats.

4.7.1 Integrated Power System (IPS) (or Ship Service Poweand Electrical Distribution

The design for this ship was a hybrid integratedigrosystem and mechanical drive. To accomplis, thie
ship has two MT30 gas turbines with reduction gedsgo secondary diesel engines with generators
(SEMT16PA6YV), and two secondary electric IPS matoi$ie gas turbines and reduction gears are cosuheot
shafts leading to the waterjets through the IPSmsotThe IPS motors generate power to controWdierjets. The
frequency changer used in the IPS system convewmgpfrom the IPS generators on the secondary eadgmIPS
system requirements. The hybrid system allowsnfiore reliability than a full integrated power systevhile
having some of the advantages of a full IPS. K@ shows the One-Line Diagram for the hybrid glesin this
team’s ship.
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Figure 89 - One-Line Electrical Diagram
4.7.2  Service and Auxiliary Systems

There are two ship service diesel generators iédsggn. They are CAT3508B generators, provididglkw
of power. In addition, all of the air conditioniregjuipment is located in the Auxiliary MachinerydRaes, along
with the fresh water unit, brominators, and potaisg¢er pump.

4.7.3 Main and Auxiliary Machinery Spaces and Machinery Arangement

There are two main machinery rooms (MMR) and twailery rooms (AMR). All are located around
midships, creating a small shaft angle from thenngas turbines to the waterjets. Each main machir@m
consists of a gas turbine and a reduction gear.e ©econdary diesel engine and its attached generato
(SEMT16PAG6V) are in the forward auxiliary machineopm because the forward main machinery room imrees
too tight on space. The other secondary diesaheng in the aft main machinery room. The reducttjears are aft
of the gas turbines in the main machinery rooma e shafts to the waterjets connected to thefao i the main
machinery rooms are the main seawater circulatinggs, compressed air systems, the main gas turbjyuzaulic
starting units and lube oil storage, conditioniagd coolers for the gas turbines and reductionsg&éere is also an
emergency switchboard located in the aft main nrelgiroom. Figures of the main machinery roomragesnents
are shown below.
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The awiliary machinery rooms consist mainly of the skigrvice diesel generators, the secondary integ
power system motors, and the frequency changeth®itPS. Due to space, one secondary diesel emgjinethe
forward auxiliary machinery room raththan the forward main machinery room. The auxliavachinery room
also contain the air conditioning plants, refrigena plants, all of the systems needed fo-5 fueling operations
and fresh water systems.
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I 28 LO Stor. And Condit

Figure 90 -MMR 1 Lower Level
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Figure 91 - MMR 1 Upper Level
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Figure 92 - MMR 2 Lower Level
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Figure 93 - MMR 2 Upper Level
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| | i I 2 Diesel Generator (Secondary)
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Figure 94 - AMR1 Lower Level
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Figure 95 - AMR1 Upper Level
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Gas Turbine Fuel
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MP Air Compressor

LP SS Air Compressor
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3&ir Conditioning Plants
39Chilled Water Pump
40 SS Refrigeration Plants
46 Fresh Water Unit
47 Proportioning Brominator
48Recirculation Brominator
49 Potable Water Pump
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Figure 96 - AMR2 and Pump Room Lower Level
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Figure 97 - AMR 2 Upper Level

4.8 Manning

38Air Conditioning Plants
39 Chilled Water Pump
46 Fresh Water Unit
4'Proportioning Brominator
48 Recirculation Brominator
49 Potable Water Pump

The process for manning includes several steps fifét is to develop a hierarchy chart and tao assign
personnel to divisions atepartments. Secon, use estimates from ASSH® determine how many personnel

available.

Finally, check if theumber of personnel is feasible. Using the hienarchart, we obtairfive

departments and 17 divisions. The department/dinidireakdown is show Figure 98. Due to the high risk
optimization of the ship, thenanning automation factor is .65, which allows ificreased automation yet enot
personnel available if the automation were to faihe level of automation is significantly incredseompared t
current raval vessels. Having increased automation howed for a small crew size of 69 his breaks down int
19 officers and 50 enlisted personnel. The breatndfor each department and division is founTable 33.
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Figure 98 - Manning Organization
Table 33 - Manning Summary
Department Division Officers CPO Enlisted Total Department
CO/X0 2
Department Heads 4 6
Executive/Admin Executive/Admin 1 1 2
Operations Communications 1 1 3 16
Navigation and Control 1 1
Electronic Repair 1 2
CIC, EW and Intelligence 1 1 2
Medical 1
Weapons Air 2 (pilots) 1 2 19
Boat & Vehicle 1 2
Deck 1 1 2
Ordnance/Gunnery 1 2
ASW/MCM 1 2
Engineering Main Propulsion 1 1 4 19
Electrical/IC 1 3
Auxiliaries 1 3
Repair/DC
Supply Stores 1 1 7
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Material/Repair 1
Mess 1 3
Total 14 16 39 69
Addl Accommodations 3 5 13 21
Total Accommodations 17 21 52 90

4.9 Space and General Arrangements

HECSALYV, Rhino and AutoCad were used to generateaamsess subdivision and arrangements. HECSALYV is
primarily used for subdivision, tank arrangememtd bading. Rhino is used for the 3-D geometry AntbCad is
used to construct 2-D drawings of the inboard antb@ard profiles, deck and platform plans, anditbetalrawings
of berthing, sanitary, and messing spaces. A lprofew showing the internal arrangements is showhRigure 99
and Figure 100.
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1] Shlp Stores Ballest Tork Ballast Tank Ballast Tl:ml-c/
HMRL
ML ?E:‘ih Water Bollast Tank Ballest Tenk W
OFM TFH TOF M DF M OFH
.
dS G 5 4 3 2 1 FF
13.9m  48m 34m 24m 14m Bm -2m
115,53

Figure 99 - Profile View showing arrangements (Fonard)
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Figure 100 - Profile View showing arrangements (Ajt

4.9.1 Internal Arrangements

The SSC is arranged using the four major spacesifitegion categories obtained from ASSET: Mission
Support, Human Support, Ship Support, and Ship Mach Spaces. The approximate minimum areas ahmne
summaries for these spaces are listed in Appendix E

Mission Support includes communications and comsyatems. This includes area and volume estimates f
pilot house, navigation, aviation support, aviat&iares, aviation hangar, JP-5 fuel, and speciasiom packages.
Human support consists of living spaces broken seittions for CO, XO, other officers and enlistedspnnel. It
also comprises the initial areas for food storesssing, recreation, and general ship spaces foy@we living on
the ship. Ship Support systems include the daigrations of the ship, such as damage control, texzmce,
stowage, tankage, and ship control. Ship admatistr is comprised of general ship administratiexecutive,
engineering, supply, deck, and operations depatsneDamage control is located on the second deakidships.
Ship support includes accessibility, including shgssageways and escape trunks. All major passggeare two
meters wide, which accommodates medical passagewsggsh passageway through compartments has wgéterti
bulkheads. There are two escape trunks in bothnitaa and auxiliary machinery rooms. Detailed geher
arrangement drawings are shown in Appendix F.

4.9.2 Living Arrangements

Initially living space requirements were estimategsed on crew size from the ship synthesis modmi, th
refined using the manning estimate. With a smaltew it is necessary to have a better trained ¢thetvwould be
more deserving of larger living accommodations. afiditional 21 spaces are allocated for speciadioniscrews.

Galley and crew's mess are located on the main.dddle officer's wardroom is located in the decks®wn
the 01 level. The CO and XO have the largest bgthnd sanitary facilities on the ship which areated in the
deckhouse. Department Head berthing is also Iddatéhe deckhouse. CPO berthing is located onrskceck
along with the living space for enlisted crew. &gah ship spaces including laundry and recreatitailities are
located on the second deck. Table 34 shows accadatino space requirements.
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Table 34 - Accommodation Space

ltem Accomod_ation Per Number of é;ii I\?g
Quantity Space Spaces (m2) (m2)

CcO 1 1 1 37.3 37.3
XO 1 1 1 13.9 13.9
Department
Head 4 1 4 11.6 46.5
Other Officer 12 2 6 12.5 75
CPO 24 4 6 13.64 81.84
Enlisted 60 20 3 49.9 149.7
Officer Sanitary 18 6 3 7 21
CPO Sanitary 24 5 5 4 20
Enlisted
Sanitary 60 20 3 9.3 27.9
Total 32 473.14

4.9.3 External Arrangements

In today’s Navy, minimizing Radar Cross Sect(RCS) is a major consideration in the design of aayal
ship. All sides above the ather deck are flared in at a degree angle to help provide an adequate RCS sign:
An advanced enclosed mast structure is locatdueabp of the deckhouset conceals IRST, AN/SF-73, and MK
X1l AIMS IFF.

A ramp in the aft conceathe RHIBs to help reduce RCS. Two 50 caliber maelguns are located on the
of the deckhouse to provide protection. AN/SPYHHS three locations on the sides of the decse to provide
360 degrees of protection. The 57mm MKS is locatetthe forward half of the ship on the weatherlddthas the
longest range and is able to protect the ship filom@ats that are at a distance. The MK48 VLS hphosect the
ship from & threats and is located forward of the MK3 on tieather deck.Figure 101show: a plan view of the
combat mission systems.

SH-60S (x2)
RHIB NK48 VLS

Combat 5821

MK 32s
ANISPS-73 AN/SPY 1E

\ |

___—> Advanced Composite Mast
- =
IRST

MK X1l AIMS IFF

Figure 101 - Plan View of Combat Mission Systems
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4.9.4 Area and Volume

During preliminary calculations in our ship syntisemodel, initial space requirements and availgbilvere
determined. After obtaining area and volume edtsahe requirements are refined. Table 35 shbasequired
tankage volume versus the final tankage volume.

Table 35 - Required vs. Final Tankage Volume

Variable SSSM/ASSET requirement fin | Final Concept Design Tankage
Capacity ()
JP-5 73.6 74
Endurance Fuel 614.1 624
Saltwater Ballast 264.1 267
Freshwater 17.5 18
Dirty Oil 4.4 6
Sewage 1.1 2

4.10 Weights, Loading and Stability

The purpose of the weights, loading, and stahifidule is to determine the location of all weighsthe ship,
to determine the moments generated from said w&igbtdetermine minimum operating (MINOP) and fokld
conditions, and to use HECSALYV to determine how dgento certain compartments affect overall shipilitain
accordance with DDS 079-1. Three intact loadingditions are used: the lightship, full load, and NP
conditions. These conditions are observed atwéter and hogging and sagging wave conditionschEandition
produces a stability summary, a righting arm sunymand a strength summary for each loading conditiéor
damaged stability, 20 cases of damage are entet@dHECSALYV, three of them at worst case in accocgawith
DDS 079-1. These three worst cases have damagbtlitgtanalysis performed on them, generating maiged
righting arm curve, a criteria comparison, and &ifg graphic of damage and ship condition.

4.10.1 Lightship Weights

Weights generated from ASSET and locations fromegararrangements are used to calculate SWBS vegight
centers of gravity, and moments. Tank volumessities, and locations from HECSALYV are used to wlale full
load and MINOP condition characteristics.

Table 36 - Lightship Weight Summary
SWBS Group Weight (MT)  VCG (m-Abv BL) | LCG (m-Aft FP)

100 2729.3 6.21 53.87
200 1498.3 1.98 73.79
300 626.93 4.07 75.11
400 187.77 13.04 40.39
500 406.4 6.17 36.44
600 27.4 9.68 57.69
700 34.4 9.13 33.91
Margin 551.07 5.08 59.85
Total (LS) 6061.81 5.08 59.85

4.10.2 Loads and Loading Conditions

The following loading conditions are created fastmodule: full load, MINOP, and lightship. Fuddd is the
condition where all fuel, ordnance, and personnelaccounted for. MINOP is the minimum requiredoant of
fuel, ammunition, and crew necessary to meet gllirements for operation. Lightship is the comtitivhere there
is no fuel, ordnance, or personnel on board.
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| | Tankage and Cargo Entry

=+|[Full Load
T
Lube Oil Weight | % | Capacity | YCG | LCG | TCG | FSmom | Density | Yolume | Yolume | APl | Temp API
Tank Name MT | Ful | MT | mBL mFP | mCL | mMT | MI/m3 m3 bbls | Gravity | degC | Table Warning[s)
5-20-1-Q 41 95000 4 1118 930384 0.000P 103 09000 45 285 156 & None
Totals 4135000 4 1118 930366 0.000P 103 0.5000 45 285 Spec.Grav.
1.0250
Draft FP
41 m
Draft AP
4035 m
Dr FwdMark
4233 m
Dr AftHark
4163 m
Heel
0 deg
Trim
0.076F m
GMt
1447 m
AvDWT
HIA
4] (|
Fuel [DFM) . fLube Ui I 5W Ballast | Freshwater | Waste | Misc. weights
i Ships Force | Mission Expendables | Stares ]| MonFuel Gases |

Figure 102 - Full Load Condition (Lube Oil)

) Tankage and Cargo Entry
i

+|[FullLoad
Fresh W ater Weight \ k4 \ Capacity \ vCG& LCG | TCG | FSmom | Density | Volume:
Tank Name MT | Full | MT mBL mFP | mCL | mMT | MI/m3 m3 Warning(s)
5-28-1W 18 100.000 18 2876 1111084 0.000P 1} 1.0000 18 Hone
Totals 18 100.000 18 2876 111104 0.000P 1} 1.0000 18 Spec.Grav.
1.0250
Draft FP
4111 m
Draft AP
4035 m
Dr FudMark
4233 m
D1 AftMark
4163 m
Heel
0 deg
Trim
0.076F m
GHt
1447 m
AvDWT
N/&

‘Waste l Misc. Weights

SW Ballast ],

Charae

Fuel [DFM) I Lube il I

Wiccinn Funendahloe |

Figure 103 - Full Load Condition (Fresh Water)

|_J Tankage and Cargo Entry
e

=+|[Full Load

[[Sw Baltast Weight | % | Capacity| VLG | LCG

Tank Name MT Ful | MI | mBL | mFP
4-0-0% 0.000 133 0077 99284 00005
0,000 0 0000 97.7EFA 00005
0.000 &l 4200 1025374 0.0005
0.000 274 0000 539254 0.000

| MonFuol Racee I

Chine Frorra

TCG | FSmom | Density | Yolume
mCL | mMT | MT/m3 | m3 warning(s]
1.0250 None
1.0250 Spec.Grav.
1.0250 1.0250
1.0000 Draft FP
4111 m
Draft AP
4035 m
Dr FwdMark
4233 m
Dr AftMark
4163 m
Heel
0 deg
Trim
0.076F m
GMt
1447 m
AvDWT
N/A

cooo

olooo

1]
0
1]

1}

Totals

1 Waste 1 Misc. Weights

Fresh ‘W ater
Stores 1 Non-Fuel Gases J

Fuel (DFM) | Lube 0il ],
L Ships Force l Mission Expendables l

Figure 104 - Full Load Condition (Salt Water Ballas)
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=|[Full Load
Fuel (DFM) Weight | % |Capacity| YOG | ICG | TCG | FSmom | Density | Volume | Volume | APl | Temp | AP
Tank Name MT | Ful | MT mBL | mFP | mCL mMT | MT/m3 | m3 | bbls | Gravity | degC | Table Warnings]
4-203-F 145 95.000 152 1133 73E03 18065 146 0,8300 174 1.0% 156 E None
4-20-4-F 145 95.000 152 1133 73E03 1.806F 146 0,8300 174 1.0% 156 il Spec.Grav.
4121F 88 95000 EE] 1141 3738440 10995 52 08300 108 =) 156 & 1.0250
4-122-F 88 95000 EE] 1141 373844 1.03P 52 08300 106 668 156 & Draft FP
4-68-1-F 28 95.000 a0 3177 793414 56575 3 0.8100 £ 220 156 B 4111 m
4-68-2-F 28| 95.000 0 3177 7A341A GESF 3 0.8100 £ 220 156 B Draft AP
4123F 13| 95.000 14 3705 900538 57075 1 0,8300 16 100 156 B 4.035m
4124 F 13| 95.000 14 3105 900538 5707F 1 08300 18 100 156 Il D FudMark
Totals 549 95.000 577 1442 B33544  000OR 404 08279 B3 4167 4233m
Dr AftMark
4163 m
Heel
0 deg
Trim
0.076F m
GMt
1.447 m
AvDWT
NJA
4 | »
]_ Lube Oil l SW Ballast l Fresh Water J_ Waste l Misc. Weights
L Ships Force l Mission Expendables 1 Stores 1 Non-Fuel Gases J

Figure 105 - Full Load Condition (Diesel Fuel Marire)

=#|[Full Load
Waste Weight | % | Capacity | VCG ICG_ | TCG | FSmom | Density | Volume | Volume APl | Temp | APl
Tank Name MT | Full MT | mBL | mFP | mCL | mMT | MT/m3 | m3 | bhls | Gravity | degC | Tahle Warning(s)
SEWAGE1 0 0000 2 0000 951784 01015 0 09500 i 0 156 [ Mone
DIRTY OIL 0 0000 4 0000 953254 0102P 0 1,0250 i 0 156 [l Spec.Grav.
DIRTY OIL1 0 0000 2 0000 954754 01025 0 1,0250 i 0 156 [ 1.0250
Totals 0 0000 7 0000 539254 0000 0 1.0000 i i Draft FP
4111 m
Draft AP
4.035 m
D1 FudMark
4233 m
Dr AftMark
4163 m
Heel
0 deg
0.076F m
GMt
1447 m
AvDWT
N/A
<] | *
Fuel (DFM) | Lube Dil | SW Ballast | Fresh Wates ], i | Misc Weights
L Ships Force l Mission Expendables l Stores l Non-Fuel Gases J

Figure 106 - Full Load Condition (Waste)

|_ITankage and Cargo Entry

#|[Full Load
Misc. Weights | W
[

i

eight | VCG | LCG | TCG | FSmom | Fwd Bound | Aft Bound
MT | mBL mFP mCL | mWMT | mFP | mFP Warning(s)
None
Totals 1] Spec_Grav.
1.0250
Draft FP
4111 m
Draft AP
4.035m
Dr FwdMark
4233m
Dr AftMark
4163 m
Heel
0 deg
Trim
0.076F m
GMt
1.447 m
AvDWT
N/A

Fuel (DFM) | Lube Oil | 5W Ballast | Fresh Water | Waste
L Ships Force J_ Mission Expendables J_ Stores J_ Non-Fuel Gases J

Figure 107 - Full Load Condition (Miscellaneous Waejhts)
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Following the input of the full load and MINOP catidns, the trim for each condition is checked.
Full load trim is between 0 and 0.1 m without bstlla Acceptable MINOP trim is between 0 and 0.5 m
with ballast. If these conditions are not metktlotations and lightship LCG are adjusted.

4.10.3 Final Hydrostatics and Intact Stability

Intact stability criteria are based off of US Nastandards, DDS 079-1. The wind heeling arm at the
intersection of the righting arm and heeling armves must not be six-tenths of the maximum rightmm.
Also, the area under the righting arm curve abieewind heeling arm curve (A1) must not be less that
times the area under the heeling arm curve andeath@vrighting arm curve (A2).

Intact Trim and Stability Summary
=+|Min0p

Weight YOG LCG TCG F5Mom
Item MT m m-FP m-CL m-MT
Light Ship 2467 E.7A0 E1.5000 0.000 -
Canztant a 0.000 E1.5002 0.000 ]
Fuel [DFM] 191 0913 E34E74 0.000F 308
Lube Ol 14 0630 930414 0.000F 151
S Ballast a
Fresh ‘water 12 2373 111138 0.0005 1
Washe 7 1.746 95,3304 0.0npP 1]
- | Mizc. Weights a
Ships Force G 0.000 46,6104 0.000 1]
; Mizzion Expendables 0 0.000 57704 0.000 0
y | Stores g 0.000 0. 3800, 0.000 1]
1 | MorFuel Gages 19 0.000 15,7002 0.000 1]
« | Displacement 2721 E.2M E1.3044 0.000F 479
3
I Stability Calculation Trim Calculation
1 | KMt 7132 m LCF Draft 379 m
£ |YCGE B201  m LCE E1.293%  mFP
1 | Ght [Solid) 0931 m LCF AR 4624 mFP
1 |F5e 0176 m MT1cm B4 m-MT/em
2 | GMt [Corected) 0755 m Trir 0291 mF
1 List 0F  deg
L | Specific Gravity 1.0250 TPcm 107 MT/cm
N | Hull cales from offsets Tank calcs from tables
1
1 | Drafts Strength Calculation
N | Draft at F.P. 3907 m Shear 119 MT at 98.0504 m-FP
1| Draft at .5, IT7EZ m Bending 3308H  m-MT at 652574 m-FP
|| Draft at & F. IEE m
Draft at Fwdiarks 4373 m
Diraft at Mid Marks 4233 m
g [Draft at AftMarks 4105 m

Figure 108 - MinOp Intact Trim and Stability Results
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BlRighting Arm Summary Intact From Offsets - U5, Navy DD5079-1: Beam Wind and Rolling

#|Min0p
e e
i i
& 5
' Hesl Angle(deq)
05 0s
10 10
oZcurve & CaloPaints HeelCurve ===~ Wind Heel Angle  — — - FolAnge  ----- OF Angle

U_S_ Navy DDS079-1: Beam Wind and Rolling | Uni
Wind Heel
Wind Heeling Arm Lw m | 023
Magimum Righting Arm Ratio 0z | oen
Area A2 merad | 008
ighting Area AT mrad | 030 | 01
ngle Limiti deg | &0
aximum Righting Arm m | 1163
ngle at Max. 6Z deg | &0
roiccted Sail Arca m2_| 80300
Heeling Arm at 0 deg. m | 025
Wind Pressure bar | 002
Input Parameters
Wind Speed 10000
Reference Draft m | 000
Projected Sail Area m2 | 0.00
Vertical Center of Sail Area -BL m | 0000
Factor f where p = V"2 (Ib/"2) L)
Roll Angle

Figure 109 - MinOp Righting Arm and Heeling Arm Curve

Intact Trim and Stability Summary
| [Full Load

‘Weight VLG LCG TCG FSMom
Item MT m m-FP m-CL m-MT
Light Ship 2 467 E.750 B1.5004 0.000 -
Constant I 0.000 E1.5004 0.000 1]
Fuel [DFM) 549 1.442 B3.3544, 0.000P 404
Lube il 41 1.118 93,0364 0.000F 103
S/ Ballast I
Fresh 'water 18 2.876 11,1104 0.000P 0
"Waste 1]
Mizc. "Weights I
Ships Force E 0.000 46.E104 0.000 1]
Mizsion Expendables 1] 0.000 b7 70 0.000 0
Stores E 0.000 R0, 3804 0.000 1]
Mon-Fuel Gases 19 0.000 15 70028 0.000 1]
Dizplacement 3104 B.ER0 E1.E234 0.000F AR08
Stability Calculation Trim Calculation
Kt T2 m LCF Draft 4068 m
VLG BERD  m LCE [even keel] £1.8108  m-FF
Gt [Solid) 1610 m LCF 60.2268  m-FP
FSc 0164 m FT1cm & mTAom
Gkt [Conected) 1447 m Trim 0076 mF
List 0 deg
Specilic Gravity 1.0250 TFem 120 MTlem
Hull c:alzs from tables Tatk calcs from tables
Drafts Strength Calculation
Draft at F.P. 47111 m Shear 96 MT at 95,0502 m-FF
Diraft at .S, 4073 m Bending 2921H  m-MT at 64,0504 m-FP
Draft at &.P. 403 m
Diraft at Freadhd ark s 4233 m
Diraft at bMid b arks 47198 m
Diraft at Aftbd ark s 4163 m

Figure 110 - Full Load Intact Trim and Stability Results
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ZM righting Arm Summary Intact From Offsets - LS. Navy DDS079-1: Bean Wind and Rolling =101 %
| [Full Load [

0 -40 b . I
Heel Anole(deg)

,»”””’”””W//{//////////%

E)
GIm)

BI Curve * Cailc Poirts Heel Curve - -~ Wind Heel Angle — — — RolAngle  ----- DF Angle

U_5. Navy DD5079-1: Beam Wind and Rolling | Units | Value | Required
Wind Heel deg | 3
Wind Heeling Arm Lw m_| 0207
Maximum Righting Arm Ratio 013 0en
Capsizing Area A2 merad | 012
Righting Area Al m-rad | 061 017
Angle Limiting Area deg | 0
Maximum Righting Arm m | 159
Angle at Max. GZ deg | £0
Projected Sail Area m2 | 77150
Heeling Arm at 0 deo. m | 0212
Wind Pressure bar | 002
Input Parameters

Wind Speed 100.00

Reference Draft m 0.000

Projected Sail Area m2 000

Vertical Center of Sail Area -BL

Factor f whete p = FV2 (Ib/ft"2)

Roll Angle

Figure 111 - Full Load Righting Arm and Heeling Arm Curve

4.10.4 Damage Stability

In the damage stability module, transverse bulkkendist be tested to ensure that floodable length
requirements are met. Full Load and MINOP condgi@re analyzed for damage stability using 15% LWL
damage length (16.5 m for SSC). Damage is corgidir the centerline and past the centerline. [Bancases
extend from the keel to the weather deck. 20 casm=gonsidered, three of which are worst caseasiosn The
heel of all these cases must remain less than @jfeele the margin line must not be submerged, had t
remaining dynamic stability must also be adequafeX 1.4A2).

=101x]
Hame: [Cass 5 Description

Case Index: 1 [ 2 [ 3 [ 4 [ 5 [ 3 [ 7 [ 8 [ 3 [ 10 I 11 [
No. | Case Name: Case 1 | Case 2 | Case3d | Case d | Cased | Case b I Case 7 | Case 8 | Worst Case Aft | Case10 |  Case 11
Zone: I I I I [ [ [ [ [ [

unassigned3 unassigned3 unassigned

400w 400w | 400w

5-28-1-w 5-28-1-W | | 52814

4 unassigned2 unassigned?

5 unassignedl1 unassigned11 unassigned11

6 unassigneds unassigneds unassignedt:

7/4121F L 4zF | 4121F

8/4-12-2F L 41eaF | 412.2F

9 unassigned? unassigned? unassighed? unassigned?
10 MHMR2 MMRZ MMRZ MMRZ

1| unassigned1s unassigned]5 unassigned] 5 unassigned]5
2 unassignedl4 | unassignedi4 unassignedi 4 unassignedi 4
3

T
15
6

7

18]
19|

3| AMRZ | AMRZ AMRZ AMR2 AMR2
4/4-203F 4203 4203 0 i 420-3F 4203F
4204F 4204F 1204F 220-4F
MMR1 MMRT MMR1T MMRT MMAT
unassigned | unsssignedd | unassignedd unsssigneds unsssigneds
|18 unassignedi | unassigned! | unassigned] unassignedi unassignedi
| 19/4681F 4EBTF 4E81F 4661 F 268-1F 2B8-1F

20/4682F 4682F 4682F 468 2F 4B8-2F 1B8-2F

21| AMR1 AMR1 AMRT AMR AMF

22 unassignedd | | unsssigned3 unassignedd

23| unassigned | | unassigned unassigned

24  unassigned10 unassigned10 unassigned10

25 4123 F 412:3F 4123F 412-3F

26| unassigned13 unassignedi3 unassignedi3 unsssignedi 3

27| unassignedi2 | | unassignedi2 unsssignedi2

28/ 4-12-4-F | | 4124F 2124F

29 WJETHR1 WIETMR1 WIETHRAT

30 WJETMR2 WAIETMRZ WAIETMRZ WIETMRZ

31 5:20-1-0 52019 53014 53014 5201

32 SEWAGE1 | | SEWAGET SEWAGET SEWAGET SEWAGE]

33/ DIRTY OIL | | DIRTY DIL DIRTY DIL DIRTY OIL
34 DIRTY DIL1 DIRTY OILT DIRTY OILT DIRTY OILT

35 5-76-1°w 5761w 5761w
36 5-76-2°W B76-24 5762w
37 unassignedd_ | | unassignedd. Unassignedd
38 unassignedS unassignedd unassigneds

Figure 112 - Damage Stability Cases
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_ N
ok One Line Summary {Defined KG/GME)
Intact Damaged
# | Draft | Status | Case | TAP ([ TFP | GMt | TAP | T FP | Heel
m m m m m deqg
1 1 1 1 4391 4391 2122 3785 B335 0.0
2 1 1 2439 4391 2122 4637 BV10 04
3 1 1 34397 43 2122 BIME 4732 18
4 1 1 44391 4391 2122 B300 3687 9.9
L 1 1 5439 439 2122 5304 389 0.0
[ 1 1 B 4391 4331 2122 48468 4112 0.0
¥ 1 1 743 439 2122 JBED 15.247 0.7
8 1 1 8 439 4391 2122 4530 F.050 -1.1
9 1 1 9 439 433 2122 Y057 3238 10
10 1 1 100 4391 4391 2122 5704 47118 2.2
11 1 1 11 4391 43291 2122 5533 53T 0.0
12 1 1 120 4391 4331 2122 5945 3452 0.0
13 1 1 134391 4391 2122 4146 EBA30 2.3
14 1 1 14 4391 4391 2122 BNE 5033 1.7
15 1 1 15 4391 4391 2122 5154 462 24
16 1 1 16 4391 43291 2122 15030 -1.961 1.1
17 1 1 174391 42391 2122 3629 7hHI3 0.1
18 1 1 18 437 4391 2122 BZEE 3296 25
19 1 1 13 4391 4391 2122 3968 EB.360 0.0
20 1 1 200 4391 4391 2122 B45F 4733 141
Figure 113 - Damage Stability Results
Flooding Summanry For equilibrium at 0 deq. 5
Compartment Seawater oil Perm. Density YCG LCG TCG Delta KM | Sounding | Specified| Preszure
MT MT MT/m3 m m-FP m-CL m m % Full barG
5-28-1-W 1\ - 0.350 1.0250 2876 11.0354 0.0005 0.000 [Free] -
unasgigned? 167 e 1.000 1.0250 3045 A1IMA 24445 0.000 [Free] = e
unassignedd | @ - e 1000 el e el e [Free] ol e
4-12-1-F mns 0.950; 1173 373544 11275 0.000 [Free] -
unassignedb By 1.000 1.0250 3121 304184 0.000F 0.000 [Free] -
unassignedll 1 e 1.000 1.0250 1.219) 122654 0.000F 0.000 [Free] = e
MMRE2 1\ 0.950 1.0250 3045 411114 2 444P 0.000 [Free] -
4-12-2-F s 0.350 1.0250 1173 373544 1.127F 0.000 [Free] -
4-0-0-W 127 e 0.950 1.0250 4.925 B.3204, 0.0035 0.050 [Free] = e
Totals 1419 0 2933 3.65804 0.0165 0.050

Figure 114 - Full Load Worst Cast for Forward Trim
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Z Profile and Plan Free-Floating Damaged
=+|[Full Load

W arning(s]

Spec.Grav.

Draft FP

Draft AP

Dr FwdMark

Dr AftMark

Heel

Trim

GMt

87.8304 mFP, 2262 m-BL

Figure 115 - Full Load Forward Damage

BB Righting Arm Summary Free-Floating Damaged - US Navy DDS 079-1 Beam Wind and Roll

#|[Full Load [oo

GIim)

i : a &
_ .'E .................................. RIS " Heel Angle(deg) : :

— — — Wind Heel GI Curve * Calc Poirts

US Hayy DDS 079-1 Beam Wind and Roll | Units | Available | Required

Calculation Parameters

Figure 116 - Forward Damage Righting Arm and Heelig Arm Curve

Wind Speed knots 21 2.1
Windward Roll Angle deg 12 12
Area Al m-rad 0.76 0.0z
GZMax Mini m 1.904 0.0
Angle of List or Loll deg 1 15
Wind Heel deg 1
Area Ratio A1/A42 13.84 1.40
Freeboard to Margin Line m 4593 0.000
Freeboard to Downflooding m
Longitudinal GM m 185208

Angle to Downflooding [Unprotected) deg
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D Compartment Flooding / Oil Remaining

| [Full Load

Flooding Summary For equilibrium at 3 deqg. P

Compartment Seawater oil Perm. Density YCG LCG TCG Delta KM | 5ounding | Specified| Pressure
MT MT MT/m3 m m-FP m-CL m m % Full barlG
unassigned T 1.000 1.0280 4966 87 463F 0.E7EF 2.090 [Free] | e
4-12-3-F 17 1.000 1.0280 3158 90.034F 57155 0.000 [Free] | e
4-12-4-F 17 1.000 1.0280 3158 90.034F 5 716F 0.000 [Free] |
unassigned1l 125 - 1.000 1.0250 3000 85.000F 2.550F 0.000 [Free] |
unassignedd 1wl - 1.000 1.0280 30000 7E.000F 2.5505 0.000 [Free] |
WJIETMR1 123 - 0.950 1.0280 30000 95.150F 25505 0.000 [Free] | e
WIETMRZ 123 0350 1.0250 3000 95.150F 2 550F 0.000 [Free] | e
unassignedl3 |/ - 1.000 1.0280 3144 93.636F 57305 0.000 [Free] | e
unassignedl2 | - 1.000 1.0280 3144 9363EF 5. 730P 0.000 [Free] |
Totals 1142 i] 34977 BB3IF 0.337F 2.090
—

Figure 117 - Full Load Worst Case for Aft Trim

== Profile and Plan Free-Floating Damaged
=+|[Full Load

"

‘Warning[s]
Hone

i ’ Spec.Grav.
- = - 1.0250
| IR I T—J—:Jl— l' Draft FP
|-

3093 m
Draft AP
6276 m
Dr FwdMark
-1.994 m
Dr AftM ark.

0930 m

i Heel
I
— ] 3P deg
Trim
‘I

3183A m
G Mt
0.352 m

— L}

=

Figure 118 - Full Load Aft Damage
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EBRighting Arm Summary Free-Floating Damaged - US Navy DDS 079-1 Beam Wind and Roll
=#|[Full Load

d

GIm)
GIim)

— — — Wind Heel GZ Curve * Calc Points — 'Wind Heel Angle  ------ Windweard Roll Angle
US Mawy DDS 079-1 Beam 'Wind and Roll | Units | Available | Required
Wind 5peed knots 323 323
Windward Roll Angle deg 12 12
Area Al m-rad 017 nn2
GZMax Minimum m 1.029 0.082
Angle of List or Loll deg E 15
‘Wind Heel deg 9
Area Ratio A1/A2 24.32 1.40
Freeboard to Margin Line m 3747 0.000
Freeboard to Downflooding m
1 itudinal GM m 143.308
Angle to Downflooding [Unprotected) deg

Calculation Parameters

Figure 119 - Aft Damage Righting Arm and Heeling Am Curve

D Compartment Flooding / 0il Remaining

| [Full Load

Flooding Summany For equilibrium at 13 deg. §
Compartment Seawater oil Perm. Dengity YCG LCG TCG Delta KM | Sounding | Specified | Pressure
MT MT MT/m3 m m-FP m-CL m m % Full barG
unassigned? | = -] - 1000 e e e e e [Free] o e
unasgignedd | @ | - 10000 | | e ] e [Freel -
4-20-3-F 1 0950 1.0250 0035  7ES35F 04735 0.000 [Free]l -~
4121-F | e e [ | I HE e e [Free]l = e
MWMB1 - e (1R 1 T e e [Free] =
unassignedld® | = -] - 10000 e e e e e [Free] o e
4-68-1-F | e e 0950) | | | e [Free]l == e
Totals 1 0 0031  74019F 045751 000

Figure 120 - Full Load Worst Case for Heel
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= Profile and Plan Free-Floating Damaged

=#|[Full Load
Warningls]
j None
| Spec.Grav.
1.0250
| I N — Draft FP
0.000 m
Draft AP
0.000 m
Dr FwdMark

0.000 m

Dr AftM ark
0.000 m
T : i Heel
135 deg
‘ ‘ Trim

0.000 m
R ——
S | ——] 2421 m

Figure 121 - Full Load Heel

BB Rrighting Arm Summary Free-Floating Damaged - US Navy DDS 079-1 Beam Wind and Roll
=+|[Full Load

GI(m)
GI(m)

...........................................................................................................................

GZ Curve * Calc Points Wind Heel Angle - ----- Wincheeard Roll Angle

— — — Wind Heel

Figure 122 - Heel Damage Righting Arm and Heeling An Curve

4.11 Seakeeping, Maneuvering and Control

A major facet of a naval ship is its sea-keepinigjitgb The ship needs to be operational in a \tgredf sea-
states in order to maximize its effectivenessorbter to analyze the sea-keeping characteristitseo§SC, a ship
motions program, SMP, was used in conjunction WEBCSALV. SMP analyzes ship motions based on its
geometry, and the sea-state characteristics cdibtay the user. Examples of sea state charaaterise outlined

in the figures below.
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Significant Wave Sustained Wind = Modal Wave Period (Sec)
Sea Helght {ml Speed (Knots)* Parconta
State & ! Most
Niimber Range Mean Range Mean Gt Sen Stats Range** Probable
0-1 0-01 0.05 0-6 3 0 - -
2 01-05 03 7-10 85 5.7 3-18 7
3 05-125 0.88 11-16 135 19.7 5-165 8
4 125- 25 1.88 17-21 19 283 6-16 9
5 25-4 326 22-21 245 195 7-165 10
6 4-6 5 28 - 47 375 175 9-1 12
7 6-9 5 48 - 65 615 16 10 - 18 14
8 9-1 15 56 - 63 59.5 17 13-18 17
>8 >14 >14 >63 >63 0.1 18-24 20
*Ambient wind sustained at 19.56 m above surfece to generate fully-developed seas. To convert to another
altitude, Hy, apply V; = V;(Hy1188117 :
**Minimum is 5§ percentile and maximum is 95 parcentile for periods given wave height range.

* Typically collect data for 4 cases — SS 4-7‘; Hw = 1.88,

3.25,5,7.5; Modal Period =9, 10, 12, 14 sec: smaller ships

use less like SS 3-6

* See Limit Criteria Handout for response limits

Due to the smaller size of the SSC, it was analyaedea-states 3 through 6.

Figure 123 - Sea State Definitions

WHMO Sea State Code Wave Height (meters) Characteristics

0

= oW M

@ | o

9

0

0to 01
01to 0.5
05t01.25
125t0 2.5
25to4
4to6
6to9
9to 14
Over 14

Calm (glassy)
Calm (rippled)
Smooth (wavelets)
Slight

Moderate

Rough

Very rough

High

Very high

Phenomenal

Based on the sea-state encountered by the ship,caMButomatically analyze the results in compartso
limiting responses. These are conditions desigoethsure the operability of various ship functiofihese could
range from hull stresses to wave motions affedtiegcrew to functionality of weapons systems. EHamsiting
conditions are outlined in the following figure.
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55 7
Performance Limitations
Hull Type Motion Limit Laocation
Monohull Wetness (Bow) 30/hr Bow STA 0
Monohull Slamming (Keel) 20/hr Keel STA 3
Aircraft Carrier Slamming 20/hr Sponson
SWATH Slamming 20/hr Lower Leading Edge of
K Cross Structure
SWATH Relative Motion Depth re Waterline 1/4 Propeller Emersion
EWATH Wetness 5/hr Lower Leading Edge (ﬂ
FVirsoves Bitazacanza
Vertical Launch Svstems SS 6
Performance Limitations
Operation Motion Limit Location
| Launch Roll 17.5° CG
Z Pitch 3° CG
% Yaw 1.5° CG
= Longitudinal 0.3g Launcher outboard
Acceleration corner
" Transverse 0.7g Launcher outboard
Acceleration corner
* Vertical 0.6g Launcher outboard
Acceleration: ekl onemes

Radare (air search and surface search radar with elevation stabilized antennae)-
== and surlace search radar with elevation stabilized antennae)-

Maximum design roll angle for 100% effectiveness-

Roll angel for

Sonars (hull mounted)- Degradation in sonar performance will
modification due to bearing fluctuation, and phase and frequen

0% effectiveness-

SS 7

25 degrees

0 degrees

occur due to emergence of dome, signal

cy shift of the signal. SS 6
Performance Limitations
Hull Mounted Sonar Motion Limit Location
Active Sonar Emergence 24/hr Intersection of dome
with hull
Active Sonar Roll 15° CG
Active Sonar Pitch 3° CG
Passive Sonar Emergence 90/hr Intersection of dome
with hull

Guns- Degradation in sin

gle hit probabilities of a 57/54 gun with MK 68 Fire Control System

SS 5

Performance Limitations

Representative Gun Motion Limit Location
System
57/54 Roll e CG
5"/54 Pitch 7-52 CG
5"/54 Vertical Velocity 3 fi/sec Gun Mount

Figure 124 - Limiting Responses for Slamming, Sonaand Gun Systems
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To o Systems

SS 5

Performance Limitations T
Subsystem Motion Limit Lacation

Launcher Roll or Pitch 7.5 CG
Loading with Torpedocs | Roll or Pitch 287 CG
on Dollics

Loading by Hand Roll or Pitch 3° CG
Automatic Direct Rall or Pitch 1.5 CG

|_Loading

Notes-_Torpedo is not limited by ship motion durmg launch

B Mfmoj Bocl. 4P Qc‘-:-
H"i"l--‘\/\ 115 C.L:—:-'

¥y UNDERWAY REPLENISHMENT SYSTEMS

SS 5

Performance Limitations ﬁ’
Limiting Factor Motion Limit Laocation

VERTREP Roll 4° CG

Fallet Control

CONREP Roll 4° cG

Pallet Control

CONREP Roll i CG

Transfer Equipment

CONREP Pitch Ly CG

Transfer Equipment

CONREP Roll 5 CG

Missile Handling

FAS Roll 5° CG

Transfer Equipment

FAS Pitch 1.5° CG

Transfer Equipment

(Lor £ ©
SS 5 el 5 -

AIRCRAFT SYSTEMS !{”r{( & st

Helicopter and STOL Launch and Recovery

e fe L"'AP
(‘Mﬂﬁ.«d

v

Performance lenallons ]
Operation Motion Limit Location :

Gereric Helicopter Roll 3 CcG
Launch

Generic Helicapter Pitch a cG
Launch

Generic Helicopter Relative Wind Generic VTO Envelope

Launch

Generic Short Roll 5 CG
Takeoff

Generic Short Pitch 3° CG
Takeofl

Generic Short Relative Wind Generic STO Envelope

Takeoff

Generic Helicopter Roll 5° CG
Recovery

Generic Helicopter Pitch 3 CG
Recovery

Generic Helicopter Vertical Velacity 6.5 fi/sec Afl Landing Spot
Recovery

Generic Helicopter Vertical Velocity 6.5 ft/sec Fwd Landing Spot
Recovery

Generic Helicopter Relative Wind Generic VL Envelope

Recovery

&5 #*75;‘

Figure 125 - Limiting Responses for Torpedo and Agraft Systems
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PERSONNEL SS 7
i
; Perfo imitatid
Application Motion mag;ﬁmnmons i —’
General Roll 8 Lﬂf:fglﬂn
General Pitch 3 CG
General Vertical Acceleration T U4g Bridge
gtne;ial Lateral Acceleration 0.2g Bn‘dge
pecific Task Mot i ;
; In:id(;g CSexckness 20 % of crew Task Location
pecific Task Motion Induced i
1/ i
A e ‘min Task Location
Specific Task Relative Wind 35 kts Flight Deck

Figure 126 - Limiting Responses for Personnel

After importing the hull geometry into SMP, defigifoads, the desired sea-states, and choosingshipat
motions are of most interest to the design, SM&aable of analyzing specific points in the geoyngtresponse
to the ship’s motions. These points are used pdyape limiting conditions to their applicable sys1. The points
are defined at the systems’ locations, and theaguiate limit condition as applied to each poiAfter running
SMP’s analyses, the user can view the resultslor-aealed graphs indicating how the point fairedier the
different sea-states. These graphs provide a oledgrstanding of the ship’s operability in respottssea
conditions. The results obtained for the SSC asxidbed below.

BER PER HOUR AT XFP

. 18.00
. 17.10
. 15.20

13.30
1140
9.50
760
570

380

Mot defined

BRETSCHWEIDER SEAWAY - SIGWH = &.00 M,
Ship Response - SUBMERGENCE IN NUMBER PER HOUR AT XFP = 10.00 YCL =
Limits - Operational Indsx = N/A

THMADAL = 12.00 SEC SHORTCRESTED SIGNIF. SA
0.00 ZBL = 0.00

Figure 127 - Bow Wetness Limit (30/hr, SS7)

Based on the above figure, the SSC is fully openaliup to 35 knots with waves encountered from any
direction for considering bow wetness.
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my AT XFF=1000 Y(q Nat defined

BRETSCHNEIDER SEAWAY - SIGWH = &.00 M, TMODAL = 12.00 5EC SHORTGRESTED SIGNIF. 54
Ship Response - RELATIVE VELOCITY AT XFP = 10.00 YGL = 0.00 ZBL = 0.00

446 Limits - Operational Index = N/A

405

385

324

284

243

Figure 128 - Keel Slam Limit (20/hr, SS7)

The above figure indicates that the SSC is fullgrational up to 35 knots, with waves encounterethfany
condition for considering keel slamming.

Mot defined
BRETSCHNEIDER SEAWAY - SIGWH = 5.00 M, THMODAL - 12.00 SEC  SHORTCRESTED  SIGNIF. 54
- fuliee. Ship Responss - ROLL

- 3924 Limits - Operational Index = N/A

Figure 129 - Radar Roll (25, SS7)

Based on these results, the ship’s radar systendwmot be functional in beam seas encountered lik§&rto
20 knots.
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19.23

1568

1213

859

Mot defined
BRETSCHNEIDER SEAWAY - SIGWH = 1.86 M, TMODAL = 8.00 SEG  SHORTGRESTED SIGNIF. 54
Ship Response - ROLL

Figure 130 - Gun Roll (7.5, SS5)

According to these results, the ship’s gun systemldvnot be operable at any speed, with waves enered
from any direction. The gun system would be cornghyenon-operational.

T AFP=573 YCL= 10

Hot defined
BRETSCHNEIDER SEAWAY - SIGWH = 1.88 M, TMODAL - 8.00 SEC  SHORTGRESTED  SIGWIF. SA
Ship Response - VERT. VEL. AT #FP = &73 YCL= 0,00 ZBL - 1L82

Limits - Operational Index = NJA

This figure demonstrates another analysis for thegystem, specifically its vertical motion

Figure 131 - Gun Vertical Velocity (1m/s, SS5)

the gun system would only be functional in follogiseas.

. Thaglicate that
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Not defined
BRETSCHMEIDER SEAWAY - SIGWH = 1.68 M, TMOOAL = 9.00 SEC SHORTCRESTED SIGNIF. SA
Ship Response - ROLL

1923 Limits - Operational Index = N/A

17.30

1538

1346

11.54

9.61

7.59

577

Figure 132 - Torpedo Launch Roll (7.5, SS5)

This analysis checks the condition of the torpegiesn when the ship is experiencing roll. Theyidate that
the torpedo systems would be functional in headfalhmwing seas.

Not defined
BRETSCHNEIDER SEAWAY - SIGWH = 1.6 M, TMODAL = 8.00 5EC  SHORTGRESTED  SIGHIF. A
Ship Response - ROLL
1992 Limits - Operational Index = M/A

1730

1538

1346

1154

981

769

577

Figure 133 - Helo Launch and Recovery Roll 5 SS5)

This graph shows the helicopter systems operalfditjaunch and recovery missions while the ship is
experiencing roll. They indicate that the heli@pystem would be functional in head and follonéegs.
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T XFP=1670 YCL= ( Mot defined

BRETSCHMEIDER SEAWAY - SIGWH = 1.88 M, TMODAL = 9.00 SEC  SHORTGRESTED  SIGNIF. A
Ship Response - YERT. VEL. AT #FP = IG670 YCL - 0.00 ZBL- 0.3

1.4 Limits - Operational Index = N/A

1.04

094

083

073

0e2

052

042

0.31

021

Figure 134 - Helo Launch and Recovery Velocity (2ra/ SS5)

These results indicate that when considering thice velocity motions of the helipad, launch aedovery
missions will be fully operational.

Wot defined
BRETSCHNEIDER SEAWAY - SIGWH = 5.00 M, TMODAL - 12.00 SEC SHORTCRESTED SIGNIF. 54
Ship Responge - ROLL
4144 Limits - Operational Index = NfA

3730

3315

29.01

2487

20.72

16.58

1243

829

Figure 135 - Personnel Roll (§ SS7)

In this analysis the ship’s rolling motions are gared with the safety of crew and personnel in mind
According to the analyses, crew are only experimpcomfortable ship motions in following seas.



SSC Design VT Team 4 Page 113

T XFP=695 YCL= 0 Mot defined
BRETSCHNEIDER SEAWAY - SIGWH = 5.00 M, TMODAL = 12.00 SEC  SHORTCRESTED SIGNIF. SA
Ship Respanse - YERT. AGC. AT XFP = B85 YCL = 0.00 ZBL = 21.11

053 Limits - Operational Index = N/A

048

043

037

022

027

0.21

0.16

oanm

Figure 136 - Personnel Vertical Acceleration (0.4¢S7)

This test analyzes the vertical accelerations efthip under waves, and applies it to the safepyirements
needed to ensure the crew’s feet stay on deckorogy to the results, the crew are safe excephfbead seas
with the ship exceeding 25 knots.

The below figure summarizes the results of thekesgeing analysis.

Criteria Seastate Threshold Assessment

Bow Wetness 6 Fully Operational

Keel Slam 6 Fully Operational

Radar (roll) 6 Exceeded in Beam Seas

Gun (roll) 4 Not Operational

Gun (vert. veloc.) 4 Operational in Following Sea
Torpedo Launch (roll) 4 Operational in Head antldwing Seas
Helo (roll) 4 Operational in Head and FollowingeS
Helo (vert. veloc.) 4 Fully Operational

Personnel (roll) 6 Operational in Following Seas
Personnel (vert. accel.) 6 Limit Exceeded in H8ads over 25 Knots
OVERALL Limited combat capabilities

Figure 137 - Seakeeping Analysis Summary

By viewing this summary, it can be seen that th€ §8s very limited combat capabilities in the dadisea-
states. In a second design spiral, characteristittse ship would need to be changed in ordeetteb
accommodate the limiting conditions of the comlyateams. The changes would most likely come froalyaing
the roll of the ship and making changes to thegiesietacentric height in order to obtain more @éxéé roll angles.
Also, the sea-states governing the systems coutddweced, but this would cost the SSC mission déified due to
its limited ability to operate in higher sea-states
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4.12 Cost and Risk Analysis

To determine the cost of the Lead and subsequdltw&hips, a weight-based parametric model based o
class of 30 ships with a 40 year operational liferca 10 year period was used. A learning rat@of percent was
used to simulate the problems solved as more sigbuilt and the operational life of the shipsréases. Figure
138 and Figure 139 show that the Propulsion PladtHull (SWBS groups 200 and 100, respectivelypaat for a
majority of the total weight of the ship but accotor only 38 percent of the cost. The electrigatems onboard
the ship account for a majority of the overall c&6.20 million). Tables 37 through 48 provide arendetailed
breakdown of the costs.

The model predicts a Lead Ship Acquisition Cos$812.38 million and a Follow Ship Acquisition Caxft
$488.31 with an Average Acquisition Cost of $491r@illion per ship. This estimate is higher than thaximum
Follow Ship Cost as defined in the Acquisition Béan Memorandum (ADM) shown in Appendix B.

Margin, 9
SWBS 700, 1

SWBS 100, 26
SWBS 600, 6

SWBS 500, 19

SWBS 400, 4

SWBS 200, 30
SWBS 300, 5

Figure 138 - Total Weight Percentage by SWBS Group
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SWBS 500, 30.03

SWBS 400, 14.41

SWBS 700, 0.87 _ Margin, 6.55
SWBS 600, 4.01

SWBS 100, 23.36

SWBS 300, 76.20

Figure 139 - Total SWBS Costs in Million $

Table 37 - SWBS Weight and Cost

Total Weight %

Cost (Million S)

SWBS 100 26 23.36
SWBS 200 30 14.71
SWBS 300 5 76.20
SWBS 400 4 14.41
SWBS 500 19 30.03
SWBS 600 4.01
SWBS 700 0.87
Margin 6.55
Total 100 170.15
Table 38 - Lead Ship Shipbuilder’s Cost
ltems Cost (Million S)
SWBS Total 170.15
800 96.20
900 20.09
Total LS 286.44
Profit 28.64

SWBS 200, 14.71
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Shipbuilder Price 315.09
Change Orders 37.81
Total Shipbuilder Portion 352.90

Table 39 - Lead Ship Government Associated Costs

Lead Ship Government Portion Cost (Million S)

Other Support 7.88
Program Manager's Growth 31.51
Payload GFE 285.44

HM&E GFE 6.30
Outfitting 12.60
Total Government Portion 343.73

Table 40 - Final Lead Ship Costs

Final Lead Ship Costs Cost (Million S)

Total Shipbuilder Portion 352.90
Total Government Portion 343.73
Total Lead Ship End Cost 696.62
Post Delivery Cost 15.754

Total Lead Ship Acquisition Cost 712.38

Table 41 - Lead Ship v. Follow Ship Costs (in Milbn $)

Follow Ship Lead Ship

SWBS 154.91 170.15

800 34.71 96.20

900 10.61 20.09

Total FS Construction 200.24 286.44
Profit 20.02 28.64
Shipbuilder Price 220.26 315.09
Change Orders 25.21 37.81
Total Shipbuilder Portion 245.47 352.90

Table 42 - Lead Ship v. Follow Ship Other AssociateCosts (in Million $)

Follow Ship Lead Ship
Other Support 5.51 7.88
Program Manager's Growth 11.01 31.51
Payload GFE 206.04 285.44
HM&E GFE 4.41 6.30
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Outfitting

8.81

12.60

Total Government Portion

235.771

343.73

Follow Ship Lead Ship

Table 43 - Total Costs

Total Shipbuilder Portion 245.47 352.90

Total Government Portion 235.77 343.73

Total Ship End Cost 481.24 696.62

Post Delivery Cost 7.07 15.75

Total Ship Acquisition Cost 488.31 712.38
Average Ship Acquisition Cost 491.20

Table 44 - Undiscounted Life Cycle Costs

R&D Costs 575.00
Investment 30700.00
Operations and Support 44070.00
Residual Value 1550.00
Total 73795.00

Table 45 - Discounted v. Undiscounted Life Cycle Gts

Life Cycle Costs Undiscounted Discounted
R&D Costs 575.00 612.26
Investment 30700.00 8020.00

Operations and Support 44070.00 1547.00

Residual Value 1550.00 8.74

Total 73795.00 10170.53

5 Conclusions

5.1 Assessment

and Future Work

Table 46 compares the CDD KPPs to the performahtteedaseline design.

Technical Performance Measure

Table 46 - Compliance with Operational Requirements

CCD KPP
(Threshold)

Original
Goal

Improved
Baseline

Final

Baseline

Endurance Range (nm) 3030 3030 3030 3030
Sustained Speed (knots) 40 40 44.1 44.1
Endurance Speed (knots) 20 20 20 22
Collective Protection System full full full full
Crew Size 69 69 69 69
Maximum Draft (m) 4.39 4.39 4.39 4.39
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Vulnerability (hull material) aluminum aluminum aluminum aluminum
Clean, separate| Clean, separate| Clean, separate| Clean, separate
Ballast/Fuel System ballast tanks ballast tanks ballast tanks ballast tanks

5.2 Future Work

There are a number of concerns and issues thall b@ubddressed in future design spirals. The dheds
could be addressed include the hull, deckhousepsuhinery, among others.

The hull and deckhouse are currently made of alumin In the future, a composite deckhouse should be
investigated. A composite deckhouse would allowafio integrated mast and radar placed directlyhensides of
the deckhouse. This will help to decrease radasscsection. In addition, the hull plates and keame currently
various sizes. The beams should be changed tdasthsizes for ease during production. Also, thaety of
different plate thicknesses and beam sizes shaultebreased. Many plates and beams are simitzen During
production, it would be easier to acquire moregdand beams of a single size or a few sizes rttharones that
are slightly different.

Machinery and machinery spaces could be reevaluatdte next design spiral. The ship currently tvas
auxiliary machinery rooms. One may suffice if tigangements in the forward auxiliary machinerymoaere
redone. In addition, the current propulsion systeas a hybrid mechanical drive and integrated posystem.
There may be an option to switch to a completeiggrated power system and run only on electric powéis will
increase the ship’s survivability if one of the mangines was damaged.

Final considerations that could be taken into antdn the next design spiral would be to incremsslularity.
There are modular spaces in the general arrangememt; however the overall modularity could be @ased in
the next spiral. In addition, the ship does natehadvanced sonar for submarine detection. Cosystéms overall
should be reevaluated in the future.

5.3 Conclusions

The small SSC design presented in this report sepits a feasible, highly effective solution fomatfship with
combat systems capabilities. The design is higfifgctive at its primary mission of support fordar surface
combatants due in large to its planning capabsliiead combat systems. The design is modular amdgorates a
hybrid IPS, along with a vertical launch systenmheBhip is flexible for future growth due to its dotarity, power
generation, and IPS. Multi-mission capabilities achieved through the incorporation on both LAM®PSE an aft
boat ramp for RHIBs along with guns forward foefsupport.
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Appendix A — Initial Capabilities Document (ICD)

UNCLASSIFIED
INITIAL CAPABILITIES DOCUMENT

FOR A

Small Surface Combatant (MSC)

1 PRIMARY JOINT FUNCTIONAL AREAS
e Force and Homeland Protection - The range of mjlitgoplication for this function includes: force
e protection and awareness at sea; and protectibaroéland and critical bases from the sea.
» Intelligence, Surveillance and Reconnaissance (SR range of military application for this furmat
» includes: onboard sensors; special operationsd$perel support of manned and unmanned air, susfade
» subsurface vehicles.
» Power Projection - The range of military applicatior this function includes special operation<és.
* Operational timeframe considered: 2016-2060. Tkisreled timeframe demands flexibility in upgrade
and
e capability over time.

2 REQUIRED FORCE CAPABILITY(S)
* Provide surface and subsurface defense aroundi;igmint forces and critical bases of operatidnsea
*  (ASUW, ASW)
* Provide a sea-based layer of surface and subsurtaneland defense (HLD)
» Provide persistent intelligence, surveillance axbnnaissance (ISR)
* Provide maritime interdiction/interception operasqMIO)
» Provide anti-terrorism protection (AT)
» Provide special operations forces (SOF) support
» Provide logistics support
»  Support distributed off-board systems
»  Support mine warfare operations
»  Support area AAW defense (larger SSCs)
Provide these capabilities through the use of chi@ngeable, networked, tailored mission module®mbination
with inherent systems. Consider a broad range &f 8%, 2000-5000 MT.

3 CONCEPT OF OPERATIONS SUMMARY

Support CSG/ESGs - 2 to 3 SSC ships could be asigneach strike group. Their mission configuratimuld
complement the other strike group combatants. lteB&ECs may be able to contribute to CSG and ES& AakéV
defense. Tailored mission configurations couldudel defense against mine threats, littoral ASWaitsreand small
boat threats using distributed off-board systenighl$peed and agility could provide tactical adaget

SSC Surface Action Groups (SAGs) — Operate asca foff networked, dispersed SSCs, providing collecti
flexibility, versatility and mutual support. SSC 6A could provide defense against mine threatsraditASW
threats, and small boat threats ahead of largersfE=®&s including first-response capability to aitess crises.
High speed and agility should provide significaattical advantage.

SSC Independent Operations - SSC would perfornrémémobility) mission tasking in known threat
environments including defense against mine thydititral ASW threats, and small boat threats. iRapsponse to
contingency mission tasking could provide OTH Téirge reach-back for mission planning, insertiotvagtion of
USMC, Army, SOF personnel, and movement of cargsfpeel. SSC could provide ISR ahead of CSG/ESG
operations and maritime interdiction/interceptigremtions, overseas or in support of homeland defgossibly
as USCG assets.
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Ship deployments could be extended with rotatimgvsralternately returning to CONUS. Interchangeable
networked mission modules could be changed in 2y3,dn theater, to support force needs and chgrigneats.
Some MSCs could be configured with more capable Agafsors and weapons that could also be modutar, bu
require extended availability for upgrade or chaage Hull plugs, modular deckhouse and modulartropgons
should be considered for these MSC variants. Trayldvbe able to contribute significant area AAW soit for

ESGs or as part of CSGs.

4 CAPABILITY GAP(S)

The overarching capability gap addressed by thiz KXo provide affordable small surface combataptabilities
in sufficient numbers for worldwide coverage oflstrgroup and independent platform requirementsciip
capability gaps and requirements include:

Priority

Capability Description

Threshold Systems or metric

Goal Systems or metric

Support of distnibuted
off-board systems
including MH-60 and

Hangar and flight deck for 1xMH-
60 and 2xVTUAV; side launch and
recovery of surface and underwater

Hangar and flight deck for 2xMH-60
and 2xVTUAYV; side and stern
lnﬁmch and recovery of surface and

shallow draft)

meter draft

MH-53 aircraft vehicles underwater vehicles
Agility {ﬁpegq. Sustained speed of 30 knots_ 5 Sustained speed of 45 knots, 3 meter
2 maneuverabality,

draft.

Mission flexibility and
capacity

1xLCS capacity for
interchangeable modules

2xL.CS capacity for interchangeable
modules

Area AAW support as
part of CSG/ESG

AAW self-defense only

Platform Passive
Susceptibality

[¥5]

DDG-51 signatures

DDG1000 signatures

5 THREAT AND OPERATIONAL ENVIRONMENT

Since many potentially unstable nations are locatedr near geographically constrained (littoraljlies of water,
the tactical picture may be at smaller scalesivelab open ocean warfare. Threats in such an emwient include:
(1) technologically advanced weapons - cruise heissike the Silkworm and Exocet, land-launcheddchittaircraft,
fast gunboats armed with guns and smaller missles diesel-electric submarines; and (2) unsoghistd and
inexpensive passive weapons — mines (surface, mi@a bottom), chemical and biological weapons.onters
may occur in shallow water which increases thadiffy of detecting and successfully prosecutingéss.
The sea-based environment includes:

e Open ocean (sea states 0 through 8) and littoral

» Shallow and deep water

* Noisy and reverberation-limited

» Degraded radar picture
» Crowded shipping

» Dense contacts and threats with complicated targeti
e Biological, chemical and nuclear weapons

+ All-Weather

6 FUNCTIONAL SOLUTION ANALYSIS SUMMARY

a. ldeas for Non-Materiel Approaches (DOTMLPF Aséy.
* Increased reliance on foreign small surface conmbatapport (Japan, NATO, etc.) to meet the intsrebt

the U.S.
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b. Ideas for Materiel Approaches

e Design and build small, high speed surface comis®S) with limited capability for dedicated CSG
operations, no significant area AAW contributiorybed self defense, and very limited multi-mission
capability.

» Do not consider building surface combatants smétien 5000 MT. Satisfy all surface combatant
requirements with MSCs.

» Design and build a scalable modular family of neS€CSships, 2000-5000 MT, with capabilities suffidien
to satisfy the full range of specified SSC capabijaps using interchangeable, networked mission
modules, and with the option of more capable AAWsses and weapons that could also be modular, but
added in construction or in a major availabilityngsa hull plug, modular deckhouse, or modular ¥sast
These variants would be able to contribute sigaiftarea AAW support for ESGs or as part of CSGs.

7  FINAL RECOMMENDATIONS

a. Non-material solutions are not consistent wétianal policy.

b. LCS-1 and 2 as designed may not be affordabiegunired force numbers. Reconfiguration for arédad\A
capability would be difficult. They may be too sirehd not sufficiently robust for required open aedransits and
CSG operations. Their service life may also be éogchte.

c. Satisfying the small surface combatant requirgmath all MSCs in necessary force numbers isaffitrdable.

d. The option of a scalable modular family of ne8CSships, 2000-5000 MT, with capabilities suffitciemsatisfy
the full range of specified SSC capability gapsgsnterchangeable, networked mission modules yatidthe
option of more capable AAW sensors and weaponsldimmiexplored. The feasibility of limiting followhip
acquisition cost to $300M ($FY2013) must be ingetied with an absolute constraint of $400M. Compsesiin
speed and inherent multi-mission capabilities mayehto be considered.

Trade-offs should be made based on total owners¥gp(including cost of upgrade), effectivenessl(iding
flexibility) and risk. It is anticipated that 50 tfese ships may be built with a required servfeeof 30 years.
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Appendix B— Acquisition Decision Memorandum

August 24, 2009
From: Virginia Tech Naval Acquisition Executive
To: SSC Design Teams

Subject: ACQUISITION DECISION MEMORANDUM FOR a Smh&@urface Combatant
Ref: (a) Virginia Tech SSC Initial Capabilities Donent (ICD), 14 August 2009

1. This memorandum authorizes concept explorati@single material alternative proposed in
Reference (a) to the Virginia Tech Naval Acquisiti®oard on 14 August 2007. Additional
material and non-material alternatives supporting mission may be authorized in the future.

2. Concept exploration is authorized for a scalambelular family of new SSC ships, 2000-5000
MT, with capabilities sufficient to satisfy the Fulinge of specified SSC capability gaps using
interchangeable, networked mission modules, anll thvé option of more capable AAW sensors
and weapons. AAW sensors and weapons could alsmbdelar, but would be added in
construction as a SSC variant or in a major aviitalising a hull plug, modular deckhouse, or
modular mast(s). These variants would be able mribwute significant area AAW support for
ESGs or as part of CSGs. A full range of affordaipggons satisfying identified capability gaps
from threshold to goal should be considered. Aféditity is a critical issue in order to enable
sufficient force numbers to satisfy world-wide coitments consistent with national defense
policy. Rising acquisition, manning, logistics sopp maintenance and energy costs must be
addressed with a comprehensive plan including pipiiGation of new technologies, automation,
modularity, and a necessary rational compromigalrent multi-mission capabilities.

3. The feasibility of limiting follow-ship acquisitn cost to $300M ($FY2013) must be
investigated with an absolute constraint of $40@dmpromises in speed and inherent multi-
mission capabilities may have to be considerectiieae these cost goals and constraints.
Trade-offs should be made based on total ownersigp(including cost of upgrade),
effectiveness (including flexibility) and risk. i anticipated that 50 of these ships may be built
with 10C in 2016, and with a required service lifie30 years.

A.J. Brown
VT Acquisition Executive
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Appendix C— Concept Development Document (CDD)

UNCLASSIFIED
CAPABILITY DEVELOPMENT DOCUMENT

FOR

SMALL SURFACE COMBATANT — ALUMINUM
Variant #51
VT Team 4

6 Capability Discussion.

SSC requirements are based on the SSC Initial @ajsbDocument (ICD), and SSC Acquisition Decisio
Memorandum (ADM) issued by the Virginia Tech Acqtii; Authority on 24 August 2009. This SSC ADM
authorized SSC Concept Exploration and Developmsiiig an aluminum monohull, and a steel, aluminum o
composite (integrated) deckhouse. Aluminum hullcggts will be compared to previously-authorized 3¢zl
hull designs. SSC will contribute to the Sea PoRéewision and Global Naval Concept of Operatiomduding Sea
Strike, Sea Shield, and Sea Basing. The overaratapgbility gaps addressed by SSC are: Providesapgort
functional areas with sufficient numbertreconfigurable-mission ships; and provide fatlsission shipsapable
of defeating_conventional and asymmetric accesstighreats in the littora.SSC will use_open systems
architecture and modular characteristitat will enable timely change-out of Mission Pagé&s enabling SSC to be
optimized to confront these threats. SSC will béoainant and persistent platform that enablesbssad joint
forces to operate uncontested and provide affoediathality in the littorals.

Specific capability gaps resulting from insufficieforce numbers with adequate inherent core caigiabil
include: Joint Littoral Mobility; Special OperatisnForces (SOF) support; Maritime Interdiction /ehgeption
Operations (MIO); Home-Land Defense (HLD); Anti-f@iism / Force Protection (AT/FP). Additional SSC
capabilities using interchangeable, mission tadaredules include, but are not limited to; Mine @tmr Measures
(MCM), Small Boat Prosecution (ASUW), additionalegfal Operations Forces (SOF) support, and litt&@\W
packages. In addition, unmanned systems may bedadd removed to modular bays as required. Pembane
installations will be necessary for mission capted inherent to the ship’s general operation. Tihal design of
the SSC must excel at seakeeping and maneuveydailitigh speeds. Table 1 lists capability gapiregnents to
be addressed by SSC.

Table 1 — Mission Capability Gaps (inherent charadristics not including mission modules)

Priority Capability Description Threshold Systems @@ metric Goal Systems or metric
1 ASW/MCM SQS-56, Nixie, 2xMK 32 Triple SQS-56, Nixie, 2xMK 32 Triple
Tubes, SQQ 89 FCS Tubes, MK 309 Torpedo FCS, SQQ
89 FCS

2 ASUW, Maritime Interdiction SPS-73, 1x30mm CIGnSm MK3 SPS-73, 1x30mm CIG, 57mm MK3

3 AAW Self Defense EADS TRS-3D C-Band Radar, Sea Giraffe AMB radar, 1XMK16,
1xMK16, Ram/Searam, Combat DFF Ram/Searam, Mk XII AIMS IFF
4 Cal Comm Suite Level B, CTSCE Comm Suite LeveCASCE
5 LAMPS LAMPS haven (fight deck) 2 x Embarked LAMR&Hangar
6 Special-Mission Packages 1xLCS Mission Packages with 2XLCS Mission Packages with
(MCM, SUW, ASW, ISR, UAVs, USVs and stern launch UAVs, USVs and stern launch

Special Forces)
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7 Mobility 40 knts, full SS4, 3500 nm, 15 days 50 full SS5, 4500 nm, 45 days

8 Survivability and self-defense Low magnetic signas, mine Low magnetic signatures, mine
detection sonar, CIWS or CIGS detection sonar, CIWS or CIGS

7 Analysis Summary.

An Acquisition Decision Memorandum issued on 24 Bstg2009 by the Virginia Tech Acquisition Authority
directed Concept Exploration and Analysis of Alegives (AoA) for an additional material alternatifce a Small
Surface Combatant (SSC). Required SSC capabilitiksnclude the ability to adapt to a wide rangkmissions
using interchangeable, networked, tailored modoiessions packages built around off-board, unmarsystems.
The platform will be capable of performing unobivgspeacetime presence missions in an area oflihgséind
immediately respond to escalating crisis and reglioonflict. Small crew size and limited logistiEguirements,
falling within current logistic support capabiligiewill facilitate efficient forward deployment ipeacetime and
wartime to sensitive littoral regions. It will priole its own defense with significant dependencepassive
survivability and stealth. Inter-service and Adli€"/I (inter-operability) must be considered. Designast be
highly producible, and will minimize life cycle cothrough application of producibility enhancemestsl manning
reduction using automation.

Concept Exploration was conducted from 24 Augusi®2through 9 December 2009. A Concept Design and
Requirements Review was conducted on 22 Janual§. 20fls CDD presents the baseline requirementsoapgrat
this review.

Available technologies and concepts necessaryduige required functional capabilities were iddatif and
defined in terms of performance, cost, risk and shipact (weight, area, volume, power). A Multi-Bbjive
Genetic Optimization (MOGO) process was used tdoper trade-off evaluations using technology and cegrt
design parameters in conjunction with set optini@abbjectives to develop a non-dominated frontiethe most
favorable designs. In this case, the optimizatibjectives were overall mission effectiveness (ON|Q&chnology
risk (OMOR), and total ownership cost (CTOC). A7l¥ariant non-dominated frontier, Figure 1, wasduaed
including designs with a wide range of effectivenaad cost, each having the highest effectiverwsa fliven cost
and risk.

Preferred designs are often “knee in the curveigissat the top of a large increase in effectiveries a given
cost and risk, or designs at high and low extrenaginia Tech Team 4 selected Variant 51 showFigure 1 at a
“knee in the curve”. Risk and cost are moderat effiectiveness is very good. Selection of a poimtthe non-
dominated frontier determines cost-risk-effectigguirements, technologies and the baseline design.
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Design 51
OMOE vs. CTOC
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Figure 1 — SSC 2-D non-dominated Frontier

8 Concept of Operations Summary

The SSC class will be able to operate as a scambthilar family of SSC ships with capabilities gtiéint to
satisfy the full range of specified SSC capabitiéguirements using interchangeable, networked arissiodules,
and with the option of more capable Anti-Air WadafAAW) sensors and weapons could also be modhlar,
would be added in construction as a SSC variaitt armajor availability using a hull plug, moduldeckhouse, or
modular mast(s). These variants will be able totriloute significant area AAW support for Expeditayy Strike
Groups (ESG) or as part of Carrier Strike GrougSGE

SSC will also be used in support of CSG/ESGs. Tavthtee SSC ships could be assigned to each girig
with Medium Surface Combatants (MSC) and a camieamphibious ship. Their mission configuration Vebou
complement the other strike group combatants. LlaB@Cs may be able to contribute to CSG and ES& AtaV
defense. Tailored mission configurations could udel defense against mine threats, littoral Anti+8akbine
Warfare (ASW) threats, and small boat threats usiisgributed off-board systems. High speed anditagibuld
provide tactical advantage.

SSC Surface Action Groups (SAGs) will also be z#idi. They will operate as a force of networkedpeiised
SSCs, providing collective flexibility, versatilitgnd mutual support. SSC and MSC SAGs could progiEfense
against mine threats, littoral ASW threats, and Ibinaat threats ahead of larger CSGs/ESGs includirsg-
response capability to anti-access crises. Highdspad agility should provide a significant tadtisdvantage.

During SSC Independent Operations, SSC would pemharent (mobility) mission tasking in known threa
environments including defense against mine thyditttral ASW threats, and small boat threats. iRapsponse to
contingency mission tasking could provide OTH Térgg reach-back for mission planning, insertiot/astion of
USMC, Army, SOF personnel, and movement of cargsfpmel. SSC could provide ISR ahead of CSG/ESG
operations and maritime interdiction/interceptigrerations, overseas or in support of homeland defegmossibly
as USCG assets.

Ship deployments could be extended with rotatingwsr alternately returning to CONUS. Interchangeable
networked mission modules could be changed in 233 din theater, to support force needs and chgrnireats.
Some SSCs could be configured with more capable Agefsors and weapons that could also be modular, bu
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require extended availability for upgrade or chaage Hull plugs, modular deckhouse and modulartropions
should be considered for these SSC variants. Thayldabe able to contribute significant area AAW ot for
ESGs or as part of CSGs.

9 Threat Summary.

SSC will be used for world-wide operation in cluég, littoral environments or constrained bodiesvafer
with smaller scales relative to open ocean warfhese environments create an increased diffiafltjetecting
and successfully prosecuting targets. It will dgoused in open ocean environments as part of @8GESGs, so
it must be able to withstand Sea States 1 through 8

The threats that SSC will face are asymmetric, lapping, and commercially available. They includestts
from nations with a major military capability, dre demonstrated interest in acquiring such a chjyailajor
military capabilities include land, surface, andlaunched cruise missiles, diesel submarines-étatk cruise
missiles, and theatre ballistic missiles.

However, since the principal operational needshef$SC are in littoral waters, the tactical pictwit be on
smaller scales relative to open ocean warfare. atbrén this environment include: (1) sea-based Ihigh
maneuverable small surface craft, diesel-eleculingarines, and mines (surface, moored, and bott@h)close
proximity to land-based air assets; (3) advancedsermissiles like the Silkworm and Exocet; and ¢Aag¢mical /
biological weapons. Many encounters may occuthadlew water which increases the difficulty of deteg and
successfully prosecuting targets. Platforms chdsesupport and replace current assets must ha ility to
dominate all aspects of the littoral environment

10 System Capabilities and Characteristics Required fothe Current Development Increment.

Key Perforrz;g;«)a Parameter Development Threshold or Requirement
AAW SEA Giraffe G/H band radar, 1 x 11 cell Sea RAM, AIMS IFF, EDOES 3601 ESM, ICMS,
TACTICOS, SEA STAR SAFIRE Ill, COMBAT DF
ASUW/NSES gﬁgggﬁé’s;g?gace Search radar, FLIR, 7m RHIB, 57mm MK 3 Naval gun, SEASTAR
ASW/MCM 1 AN/SLQ-25 NIXIE, Mine Avoidance Sonar
CCC 1 Comm Suite Level A, CTSCE
LAMPS 2 x Embarked LAMPS w/ Hangar
LCS Modules 1 x LCS loadout with UAVs, USVs and stern launch
Hull High-speed planing monohull
Power and Propulsion 2 waterjets, 2xMT30, secondary IPS with 2xSEMT16PA6B and 2xCAT3508B
Endurance Speed (knots) 18 knots
Endurance Range (nm) 4000-6000 nm
Sustained Speed (knots) 47.3 knots
Sprint Range (hm) 1143 nm
Stores Duration (days) 45 days
Collective Protection System Partial
Crew Size (maximum) 40
RCS (m?) 4150 m3
Maximum Draft (m) 3.75m
Vulnerability (Hull Material) Aluminum hull and deckhouse
Ballast/fuel system Clean, separate ballast tanks
Degaussing System Yes
McCreight Seakeeping Index 4
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KG margin (m) 0.5m
Propulsion power margin (design) 10%
Propulsion power margin (fouling and seastate) | 25%
Electrical margins 5%

Net Weight margin (design and service) 10%

11 Program Affordability.

Follow-ship acquisition cost shall not exceed $40FM 2010) with lead ship acquisition cost lesaitBa50M. It
is expected that 30 ships of this type will be towith IOC in 2015.
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Appendix D — Machinery Equipment List (MEL)

System: Main Engines and Transmission

1 2 Gaz Turbine, Main MT20 BRI MMR 234 Includes Acoustic Enclosure ERLE N Fhr:]
2 2 Diezel Generator, Secondary SEMT 1B AEY ATV b MMR 230 From azset 4E00 178 248
f t, LTDR and solar 2- d
3 2 Giear propulsion,reduction Diouble Stage, 1.14: 40:1 Gear Fiatio 5l T PARF 241 fom asse epic;rl'ic solarespes 3514981399
. 0.37m D as req'd, port
. . port shaft weight = 268 MTOR, ztbd
4 2 Shaft, Line 370mm [00) warious 243 shaft weight = 16,8 MTON length 51.33m, stbd length
32.61m
& B Bearing, Line Shaft Journal B75 mm Line Shaft warious 244 Caleulate number required and locate 1n 1251 126
[3 2 Unit, MGT Hydraulic: Starting HFU with Fumps and Reserviar 4.2 m"3thr @ 414 bar MMR filil niear end ME away from RG Tutal
o . . Meeds ta Fallow almast vertical path up
7 2 Main Engine Exhaust Duct GE LRAZE00 M arine Turbine 76 kgtsec MPAR and up 234 arsqm
through hull, deckhouse and out stack,
Meeds ta Follow almast vertical path up
8 2 Main Engine Inlet Duct (GE L2500 Marine Turbine B5 kgisec MMF and up 234 through hull, deckhouse and out side of 186 sqm
stack or deckhouse
Meeds to follow almast vertical path up
q 2 Secondary Engine Exhaust Duct SEMT 16FABY 0.7 katsec MME and up 234 through hull, deckhouse and out side of 07=sq.m
stack or deckhouse
Meeds to follow almost vertical path up
10 2 Secondary Engine Inlet Ducts SEMT 16PABY Bimisec MMF and up 24 through hull, deckhouse and out side of 14zq.m
stack or deckhause
1 1 Console, Main Control Main Propulsion A ECC 252 On 2nd deck with DCC 3ule
Gi b F trol of waterjet,
12 2 Eleotric, secandary Secandary IS Motor M AMF an Nerates power far conirol ot waterls 166 41720248
double-duty with Secondary IPS system
o (= dary IPS
13 2 Frequency Changer converter MA AMR I anerts fram secandarn 15215818
generator to [FS system requirements
14 2 Contraller Waterjet, Secondany IPS MA ECC 252 Controls waterjet matars 05405805
System: Power Generation and Distribution
Inchud | ., 2nd lewel,
15 2 Diesel Generator, Ships Service Caterpillar 35036 20512 kM AN 3 nelues eng Osfﬂe ne S upperfeve 177 1705150
orient Féa,
Meeds to follow almost vertical path up
& 2 580G Exhaust Duct Caterpillar 26088 4.2 kolsec AMP and up ki) through hull, deckhouse and out side of Olsg.m
stack or deckhause
Meeds to follow almast vertical path up
7 2 SSGETG Inlet Duct Caterpillar 35028 Elmisec AMB and up 3 through hull, deckhouse and out side of 0Zsq.m
stack or deckhouse
12 1 Switchboard, Ships Service Generator Control Poser Distribution G000 kW ECC 24 0EuZuz
19 2 Switchboard, Electric Motor Generator Control Power Distribution 10 R ECC 24 0Enin2
20 1 Emergency Switchboard MMR2 0581u2
Iy have single or double inclined
21 4 FMF and AMF ladders Inclined ladders PP, AMF ladders between levels depending on 10420
space
o 2 | MMR and AMIF escape unks ‘Vertical ladders with Fire tight docrs at - Gne per spase in far eomers, bottom to 15415
each level main deck.
23 1 MM Machinery Space Fan Supply F4TEZ m"3thr FarMROOM 812 above, outside MME AERED
24 2 Mk Machinery Space Fan Exhaust 144 m " Hhr MR B2 Upper level in comers Tint
25 2 HAuz Machinery Space Fan Supply BG4 m™3thr FAN ROORM 51z above, outside AMF 1utlal
26 2 Aux Machinery Space Fan Exhaust EES m"3fhr AN A1z Upper level in cormers iutul
System: Salt Water Cooling
27 4 ‘ Pump, Main Seawater Circ | Centrifugal, Vertical, Motor Driven 230 m"3hr @ 2 bar 2R 256 PiS MMB lower level near hull and ME EERTR
System: Lube Oil Service and Transfer
28 Amsembly, MGT Lube Dl Storage Includes Qil Storage and Cooler MA MMR 262 nest to each engine EAETS

2
‘ and Conditioning
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23 4 Strainer, Reduction Gear Lube il Diuplex 200m"3thr MMR 282 nestto RG 05:05x1
30 2 Cooler, Reduction Gear Lube Oil Flate Type MA MMR 262 next to RG and strainer 1581501
El g | Fump. Reduction GearLube Ol | Pos. Displacement, Horzontal, Motar 200 m*3thr @ 5 bar MMF: 262 neit to FIG and strainer 1405405
Service Diriven
32 2 Furifier, Lube Ol Centrifugal, Self Cleaning, Fartial 11 m 3 MR 264 nest to LO transfer purnp, 2nd or upper 830 %715 11180
n | e PumpLube O Transfer | 725 Displasement, Herzontal Motar e @5 bar MR 284 et to LO purifier 53952541 254
tiven
System: Fuel Oil Service and Transfer
H 2 Filker Separator, MGT Fuel 2-Stage, Static, § Micron 30 m"3thr MMR 54 nest ko FIO purifiers 15[L) % 0.5 dia
Self C . Centrifugal, Partial
35 2 Furifier, Fuel O i leaning, Lentriiugal, Fartia 7.0 m3he PR 541 2nd or upper level MME 181215
Discharge Type
6 2 Fump, Fuel Transfer Gear, Motor Driven 45.4 m"3hr @ 5.2 bar MR 54 nest ko FIO purifiers 1805205
" . size For 4 hours at
37 2 Fuel Oil Service Tanks MMP lower level MIMPE PES
endurance speed
System: Air Conditioning and Refrigeration
38 4 Air Conditioning Plants 160 Tan, Centrifugal Units 150 tan AMR 514 either level, side by side 2353015415
33 4 Fump, Chilled % ater Centrifugal, Horizontal, Motor Oriven 128 m*3thr @4.1bar AMF 532 nest to AC plants 13215 3815 505
40 2 Riefrig Plants, Ships Service R-124a 4.2 ton AR BlE either level, side by side 24845 812415
System: Salt Water: Firemain, Bilge, Ballast
4 4 Fump, Fire Centrifugal, Horizontal, Motor Driven 454 m”3thr @ 3 bar WARIOUS 521 lower levels 24305 Tl w564
42 1 Fump, Fire/Eallast Centrifugal, Horizontal, Motor Oriven 454 m"3thr i@ 9 bar AR ) lower levels 24908 712 264
43 2 Fump, Bilge Centrifugal, Horizontal, Motor Driven 227 m*3thr @35 bar MNP 523 lower levels 16518 63581702
44 1 Fump, Bilge/Ballast Centrifugal, Horizontal, Motor Oriven 227 m*3thr @32 bar AR 529 lower levels 1E61% B35 2 727
45 2 Station, AFFF Skid Mounted 227 m" 3thr @28 bar abowe MMF 555 For entering space 21900 1.070 2 1.750
System: Potable Water
46 2 Fresh water Unit Reverse Osmosis TE m"3tday [3.2m"3thr) AMR a3 lower or 2nd level 2y¥3n2
47 2 Erominator Froportioning 15 m"3thr AMR 531 niet b distillers 03802804
45 2 Erominatar Fiecirculation 5.7 m™3thr ANF 533 nekt 1o distillers 03n02x04
49 2 Pump, Potable b ater Centrifugal, Horizontal, Motor Oriven 227 m*3hr @ 4.8 bar AR B33 nept bo distillers 05206202
System: JP-5 Service and Transfer
Al 2 Furmp, JP-6 Transfer Fiotary, Mator Oriven 116 m*3thr @ 4.1 har JP-5 PLIMP f4z in JP-6 pump room 11534 » 423 ¢ 602
i ; . JP-E PLRMP )
51 2 Fump, JP-5 Service Fiotary, Mator Driven 227 m"Hhr @ TE bar FOOM o4z in JP-B pump room 1194 » 4831 503
JP-5 PUMP
52 2 Fump, JF-& Stripping Fiotary, Motor Driven 5.7 M 3thr @ 3.4 bar ROOM o4z in JF-5 pump room 15w 3818 381
53 2 FilteriSepar., JP-5 Transfer Static, Two Stage 17 m*3thr JP-5 PUMP 542 in JP-5 pump room 457 [L) #1321 [dia)
System: Compressed Air
54 2 Receiver, Starting Air Steel, Cylindrical 23m"3 MMR 551 near ME, compressors and bulkhead 1067 [dia) # 2.185 (H)
65 2 Compressar, MP Air H“""“‘““"QC“"““I“‘;D""'“"' WAR | g0 meaibe FADY @ 30 bar MMF: 551 2nd or upper level 1324 1 B41% 836
oole
BE 1 Fieceiver, Ship Service Air Steel, Cylindrical 17m"™3 MR A5l near ME, compressars and bulkhead 1830 [H] » 865 [dia)
57 1 Fieceiver, Control Air Steel, Cylindrical 1m"3 MMF 551 near ME, compressors and bulkhead F421[H] = 510 [dia]
] 2 Compressar, Air, LP Ship Service Rieciprocating, Rotary Screw 8.Ebar @134 SCFM MME 651 2nd or upper level 1346 1 1.067 2 1829
53 2 Diryer, Air Fiefrigerant Type 250 SCFM MMF 551 near LP air compressors 105 564 51473
System: Environmental
B0 2 Fump, Qily Waste Transfer Maotor Driven 12.3 m"3thr @ 7.6 bar MMF 533 loer level 12138 6350 813
I level il te transf
&1 2 Separator, CilfW ater Coalescer Plate Type 27 m3he PN 533 e leve "ea;fr'niwas @ transter 13214 3658 1473
SEWAGE
B2 1 Unit, Sewage Collection “acuum Collection Type w! Pumps 2Em3 TREATMENT 533 sewage lreatment room 2642 51854 5 1575
ROarA
SEWAGE
B3 1 Sewage Plant Biological Type 225 people TREATMEMT 533 sewage treatment 1oom 177811092 ¢ 2007

Foor
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Appendix E — SSCS Space Summary

D Lon) < ~—~~
1w m W o
O= E x £
SSCS | GROUP > <
TOTAL AVAILABLE 5078
TOTAL REQUIRED 6179
1 MISSION SUPPORT
1.1 COMMAND,COMMUNICATION+SURV
1.11 EXTERIOR COMMUNICATIONS
1.111 RADIO
1.113 VISUAL COM 5.9
1.12 SURVEILLANCE SYS
1.121 SURFACE SURV (RADAR)
1.122 UNDERWATER SURV (SONAR)
1.13 COMMAND+CONTROL 41.3
1.131 COMBAT INFO CENTER
1.132 CONNING STATIONS 41.3
1.1321 PILOT HOUSE 34.3
1.1322 CHART ROOM 6.9
1.14 COUNTERMEASURES
1.141 ELECTRONIC
1.142 TORPEDO
1.143 MISSILE
1.15 INTERIOR COMMUNICATIONS 25.1
1.16 ENVIORNMENTAL CNTL SUP SYS
1.2 WEAPONS
1.21 GUNS
1.214 AMMUNITION STOWAGE
1.22 MISSILES
1.24 TORPEDOS
1.26 MINES
1.3 AVIATION 72.4 196.4
1.32 AVIATION CONTROL 20.4
1.321 FLIGHT CONTROL 9.3
1.322 NAVIGATION 11.1
1.323 OPERATIONS
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1.33 AVIATION HANDLING
1.34 AIRCRAFT STOWAGE 176
1.342 HELICOPTER HANGAR
1.35 AVIATION ADMINISTRATION 8.4
1.353 AVIATION OFFICE 8.4
1.36 AVIATION MAINTENANCE 17.6
1.37 AIRCRAFT ORDINANCE
1.374 STOWAGE
1.38 AVIATION FUEL SYS 72.4
1.381 JP-5 SYSTEM 72.4
1.3813 AVIATION FUEL 72.4
1.39 AVIATION STORES 21.4
1.8 SPECIAL MISSIONS 7.4
1.9 SM ARMS,PYRO+SALU BAT 6
2 HUMAN SUPPORT 469.3
2.1 LIVING 300.3
211 OFFICER LIVING 165.1
2.111 BERTHING 141.3
2.1111 SHIP OFFICER 141.3

COMMANDING OFFICER

2.1111 | STATEROOM 16.3
2.1111 EXECUTIVE OFFICER STATEROOM
2.1111 DEPARTMENT HEAD STATEROOM
2.1111 OFFICER STATEROOM (DBL) 96.2
2.1114 AVIATION OFFICER
2.112 SANITARY 23.7
2.1121 SHIP OFFICER 23.7
2.1121 COMMANDING OFFICER BATH 4.6
2.1121 EXECUTIVE OFFICER BATH 2.8
2.1121 OFFICER
2.1124 AVIATION OFFICER
2.12 CPO LIVING
2.121 BERTHING
2.122 SANITARY
2.13 CREW LIVING 120.8
2.131 BERTHING 99.6
2.132 SANITARY 21.2
2.133 RECREATION
2.14 GENERAL SANITARY FACILITIES 6.9
2.142 BRIDGE WASHRM & WC 2.3
2.15 SHIP RECREATION FAC 4.1
2.16 TRAINING 3.3
2.2 COMMISSARY 120.6
2.21 FOOD SERVICE 70.2
2.211 WARDROOM MESSRM & LOUNGE 46.5
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2.212 CPO MESSROOM AND LOUNGE
2.213 CREW MESSROOM 23.8
2.22 COMMISSARY SERVICE SPACES 40.5
2.222 GALLEY 23.8
2.2222 WARD ROOM GALLEY 8.7
2.2224 CREW GALLEY 15.1
2.223 WARDROOM PANTRY 7.4
2.224 SCULLERY 9.3
2.23 FOOD STORAGE+ISSUE 9.8
2.231 CHILL PROVISIONS 3.2
2.232 FROZEN PROVISIONS 2.1
2.233 DRY PROVISIONS 4.5
2.3 MEDICAL+DENTAL 1.4
2.4 GENERAL SERVICES 16.7
2.41 SHIP STORE FACILITIES 4.6
2.42 LAUNDRY FACILITIES 12.1
2.44 BARBER SERVICE
2.46 POSTAL SERVICE
2.47 BRIG
25 PERSONNEL STORES 9.1
2.51 BAGGAGE STOREROOMS 3.9
2.55 FOUL WEATHER GEAR 0.6
2.6 CBR PROTECTION 19.5
2.61 CBR DECON STATIONS
2.62 CBR DEFENSE EQUIPMENT 10.2
2.63 CPS AIRLOCKS 9.3
2.7 LIFESAVING EQUIPMENT 1.9
3 SHIP SUPPORT 1575.2 1497.4
3.1 SHIP CNTL SYS (STEERING) 49.4
3.11 STEERING GEAR 49.4
3.12 ROLL STABILIZATION
3.15 STEERING CONTROL
3.2 DAMAGE CONTROL 53
3.21 DAMAGE CNTRL CENTRAL
3.22 REPAIR STATIONS 32.1
3.25 FIRE FIGHTING 21
3.3 SHIP ADMINISTRATION 30.5
3.301 GENERAL SHIP 3.6
3.302 EXECUTIVE DEPT 8.3
3.303 ENGINEERING DEPT 5.1
3.304 SUPPLY DEPT 4.3
3.305 DECK DEPT 2.2
3.306 OPERATIONS DEPT 7
3.307 WEAPONS DEPT
35 DECK AUXILIARIES 44.9
3.51 ANCHOR HANDLING 22.4
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3.52 LINE HANDLING
3.53 TRANSFER-AT-SEA 16.6
3.54 SHIP BOATS STOWAGE
3.6 SHIP MAINTENANCE 82.3
3.61 ENGINEERING DEPT 63.4
3.611 AUX (FILTER CLEANING) 8
3.612 ELECTRICAL 18.8
3.613 MECH (GENERAL WK SHOP) 26.4
3.62 OPERATIONS DEPT (ELECT SHOP) 14.4
3.63 WEAPONS DEPT (ORDINANCE SHOP) 4.4
3.64 DECK DEPT (CARPENTER SHOP)
3.7 STOWAGE 358.3
3.71 SUPPLY DEPT 253.1
3.711 HAZARDOUS MATL (FLAM LIQ) 28.8
3.713 GEN USE CONSUM+REPAIR PART 184.4
3.714 SHIP STORE STORES 7.3
3.72 ENGINEERING DEPT 6.1
3.73 OPERATIONS DEPT 8.5
3.74 BOATSWAIN STORES 74.9
3.75 WEAPONS DEPT 5.4
3.78 CLEANING GEAR STOWAGE 4
3.8 ACCESS 866.3
3.82 INTERIOR 866.3
3.821 NORMAL ACCESS 855.8
3.822 ESCAPE ACCESS 10.4
3.9 TANKS 1575.2 12.6
3.91 SHIP PROP SYS TNKG 1398.6
3.9111 ENDUR FUEL TANK (INCL SERVICE) 978
3.914 FEEDWATER TNKG
3.92 BALLAST TNKG
3.93 FRESH WATER TNKG 17.5
3.94 POLLUTION CNTRL TNKG 12.6
3.941 SEWAGE TANKS 2.1
3.942 OILY WASTE TANKS 10.5
3.95 VOIDS 159.1
4 SHIP MACHINERY SYSTEM 1333.4
4.1 PROPULSION SYSTEM 643.4
COMBUSTION AIR (INTAKE)
4.142 22.2
4.143 EXHAUST 48.9
4.2 PROPULSOR & TRANSMISSION SYST
4.23 WATERJET ROOMS
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4.23 PROP SHAFT ALLEY

4.3 AUX MACHINERY 690

4.33 ELECTRICAL 2.4

4.331 POWER GENERATION

4.334 DEGAUSSING 2.4

4.34 POLLUTION CONTROL SYSTEMS 5.3

4.36 VENTILATION SYSTEMS 127.7
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Appendix F — Detailed General Arrangements Drawings
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Deckhouse 01 Level
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