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I. INTRODUCTION

J This'project is‘ihteﬁded to support the Wayne Méyer,lﬁstitute~

of Systems Engineering in developing the future notion of Maiine
-Expeditionary Warfare in the year 2020 by designing a system of
plaéforms that couid be employed as a sea base. ﬂnder'tarreﬁt
~Operational concepts, the Marine Air-Ground Task Force {MAGTF)
fmust establish a beachhecd and then build up what has come to be
knowa‘ as the “Iron Mountaln The establishment of the
beachhead has the potentlal to limit the optlons for the 1n1t1al
'p01nt of attack and’ allow the enemy to concentrate defenses at
‘these points. Once the beachheaa has beeﬂ established all the
equlpment required to support the Greund Combat Element (GCE} is
then brought ashoze and staged for issue to the fighting units.
Durlng the operatlon each MAGTF is support by an Aviation Combat
Element (ACE) ‘that flies from large deck amphibious assault
sths, and can eventﬁally be transitioned to an air fie}d iﬁ the
ﬁiciﬁity of the objeétive for contiﬁued support. If no Sﬁch air
fleid exzsts, then the Combat Service Suppert Element {CSSE} has
~ the ablllty to balld a temporary air fzeld as well as medlcal
aﬂd other support structures.

A MAGTF wvaries kin size and configuration from a Marine
Expeditionary Unit (MEU) to =a Marine Expeditionary Force forward
(MEF FWD) . For the réﬁainder of this document it may be éSéﬁmed
that a MAGTF is defined as & Marine Expedltlonary Brlgade {MERB)
unlees otherwise stated. The assumed compocztlsn of a MEB w1ll
be Geflned in a later sectzon.

. Future Marine Corps concepts of operation stress two
Capa&iiities: Operatibnal Maneuver from the Sea (OMFTS) and Ship
to ‘ijective Maneuver (STOM). OMTFS emphasizes the éeé‘ as

maneuver space to minimize the required closure range between




friendly and enemy forces, while STOM refers to the ability to
transport equipment and troops to the objectives directly from
ships without the operational pause associated with the build up
of the “Iron Mountain”.

In Sea Power 21 the Chief of Naval Operétions has established
sea basing as a future naval forces capability. The concept of
sea basing implies a number of capabilities that are not
inherent in our current expeditionary forces, among these are
STOM, indefinite sustainment, selective offload, reconstitution
of forces ashore, long range Naval Surface Fire Support (NSFS),
and an increased capability in command and control. The Marine
Corps has also established the requirement of a 3.0 MEB lift
capability that is not currently met by our existing force
structure.

The objective of this project 1is to take the required
capabilities of a sea base and integrate them into a systems of
ships that could be brought together to form a sea base. A
secondary objective was to investigate the possibility of
combining the capabilities of the Maritime Pre-positioning Force
ship (MPF), an LHA replacement, &and & Large Medium-speed Roll-on
Roll-off (LMSR) onto a common hull form to be employed in a sea
base or as the 1large deck amphibious ship of a Naval
Expeditionary Strike Group (NESG). The advantage of using a
common hull form is that it &llows the shipyards to maximize the
learning curve in production thereby reducing acgquisition costs.
Because the same hull form will be used in three applications
the number of units produced will greatly increase when compared
to a standard production run for & hull form, thereby providing

long term stability to the industrial base.



II. DEVELOPING THE REQUIREMENTS
| |

A.  INTRODUCTION

f;By analyzing the requirements the team understood,
defined, and bounded the problem. In thzs ‘particular case, tﬁe
TSSE team needed to understand the mission of the system; by
understandlng the m1531on, the team became aware of the
capab111t1e= requ1red to accompllsh the m15c1en. Requlrements
analyszs helped the team to understand the 1ntezfaces between
: systems and how they affected each other.. ‘A master list of more
| detalled design requ1rements was produced at the conclusion of
the requzrements ana1y51= phase; the team was well prepared to
move ‘on and explore posszbie system aiternatlvec that could
effectlvely perform the requlred capabllltles.

The TSSE requirements analysis apprcach developed the
de51ga reguirements th:ough both Top ‘Down and Bottom Up
analyses. Figure 1 1llestrates the TSSE ‘requirements
generatlon process. ‘ ,

 The Top Down analyszs concentrated on understanding the SEA
Enltlal Requirements Document (IRD), clarlfy¢ng issues w1th the
SEA team by an 1terat1ve proce=5; and generatlng a requ1rements
1lst The second pcrtlon of the Top Down analyclc studied the
Concept= of Operation (CONOPS) for sea baszng and what
capabllltlec were required to do sea basing The analy51s also

requ1red us to define a Marine Expedltzonary Br;gade {MER) and

its compocltlon




* TopDown Analysis |

Design Requirements

Figure 1. TSSE Requirements Generation
Process
The Bottom Up portion of the requirements analysis focused

on the LHA(R), MPF (F), and LMSR CONOPS, and current platforms
in the haval expeditionary architecture. A list of required
operationél cepabilities waé generated and compared with the
results bf the Top Down analysis. 2 final, master Required
Operational Capabilities (ROC) document was then created and
used as the baseline design requirements. Interaction and
iteration with the SEA team ensured that these design-level
requirements were compatible with and met the intent of the

system-level requirements (SEA IRD).
B. SEA INITIAL REQUIREMENTS DOCUMENT (IRD) ANALISYS

The Systems Engineering and Analysis (SER) Initial

Requirements Document (IRD) was the governing document in the




anéleiev'and development of the requirements for the :TSSE
» concept ‘design. The IRD identified ‘sea base capablllty gaps
through the Systems Englneezlﬁg Top Down and Bottom Up analy51s.,
At thls stage of the design process, it was crucial to the TSSE
team to have a complete understanding of the IRD. Accerdzngly;

the team commenced a detalleﬁ review of the requirements stated

in the SEA IRD.  Initially, two very important issues were
quiekly identified. The first issue}wae that the IRD did not
define a Marine Expeditionary Brigade (MEB). The second issue
dealt with documents concernlng the sea base concept, teaeh one .
Of them haVlng a dlfferent 1nterpretatlon of the concept.e'The
exploratlons of these two issues lead to the development of a

base ;11ne for a notional MEB and a sea base Ccncept of

Operations.

1. . The Marine Expeditionary Brigade (MEB)
a. Command Element (CE)

The MEB command element provides command and control for
the ‘elements of the MEB. When missions are assigned,  the
notiéhél MEB CE is tailored with the required supporf to
accomp11=h the mission. Detachments ere assigned as ﬁeceseary
to- support subordinate elements. The MEB. CE is fully capable of
executlng all of the staff functions of a MAGTF {administration
and'perconnel 1nte111gence, operations and training, 1ogzst1c

plane,>commun1catlons and information systems, Comptroller, and
COMSEC}

(&l




b. Ground Combat Element (GCE)

The ground combat element (GCE) is normally formed around a
reinforced infantry regiment. The GCE can be composed of from
two to five battalion-sized maneuver elements (infantry, tanks,
LAR) with a regimental headquarters, plus artillery, an Assault

Amphibian Battalion, reconnaissance, TOWs, and engineers.
c. Aviation Combat Element (ACE)

The aviation combat element (ACE) is a composite Marine
Aircraft Group (MAG) task-organized for the assigned mission. It
usually includes both helicopters and fixed wing aircraft, and
elements from the Marine wing support group and the Marine air
control.group. The MAG has more varied aviation capabilities
than those of the aviation element of a MEU. The most
signifiéant difference is the &bility to command and contrel
aviation with the Marine Air Commend and Control System (MACCS).
The MAG is the smallest aviation unit designed for independent
operations with no outside assistance except access to a source
of supply. The ACE headquarters will be an organization built
upon an augmented MAG headquarters or provided from other MAW

assets.

d. Combat Service Support Element (CSSE)

The brigade service support group (BSSG) is tacsk-organized
to provide CSS beyond the capability of the supported air and

ground elements. It is structured from personnel end equipment



of tﬁe force serviceyeupperﬁ group (FSSG}; The’BSSG provides fhe 
‘nucleus of the Landiné Force Support Party - (LFSP} and, 'with :
Zapproprlate attachments from the GCE and ACE has re<§onszb111ty‘
for the landing force support function when the landing forcee

shore party group is activated.
e. Capabilities

.The MEB 1is inherentiy expeditionary and utilizes a combined
arms ferce. it inCludee ‘a robust and seelable Cc2 capabiiity‘v
‘The MEB is deelgned to conﬁuct a full range of operations from»,
kforc1b1e entry to humanltarlan 3551stance;> and it is task‘
organlzed for mission accomplishment. ‘The MEB is capable of
rapld deployment and employment via amphlblous assault shlpping,w
strategic air and sealift, or any comblﬂatlon of the three. - It
is capable of sustalnlng any operation fer 30 deys without: the
need for substantial ze-eupply Its combat service snppo;t
capabilities include - supply, mainteneece, transportatien;
general engineering;'hea}th services, and messing and ledglng.
The avzctlon capablllty 1nc}ude= tactlcal air support, ant;—a;r
warfare, air reconnaissance, EW, control of aircraft and missiie'

engagement zones and overall CZ of the surroundzng airspace over

land and water.
2. Defining the»MEB

The flexible nature of the Marine Corps made it difficult
to establlsh a MEB basellne In order to proceed with the
de51gn of the ship, the team had to establish the precise number
of people, equipment, aed supplies required to deploy eéIMEB.
Affer ‘careful consideration, the team established a notional

‘baSelihe for a2 MEB based on the Marine Prepositioning Force




(MPF) MEB [1]. Figure 2 illustrates the organizational diagram
for the MEB. Tables 1, 2, and 3 describe the major equipment,

number of personnel, provisions, ordnance, and fuel required to

sustain a MEB for 30 days.
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Support Equipment Major Weapons Aviation Element Total Personnel
Armed HMMWY 57  havaT 4 A 36 14,754
LVS Power Unit 109 fav 25 14 AHAZ | o4
VS Wrecker 4 RLAVLOG 3 JuHay 24
L VS Trailer 53  JLAV RECOV 3 vz - | 9
5 Ton 282 faavCy g LISF ) 36
P.19 8 8 Jaavr? 4
HMMWY 473 jAAvPT 96
IMRC-110 ; 65 MiAa1 58
MRC-138 s 60  JHMmwy (Tow) 72
MRC-142 IR 21 [M198 Howitzers' 30
hsya Refueler .~ 2% | o
Table 1. Equipment and Personnel for Conceptual MEB
P [2] g
3. Sustainment

Perhaps even more difficult than defining what constitutes

In this
instance;; " t}ﬂe team decided to wuse CDR Kennedy’s [3] thesis

~a MEB was to define its sustainment requirements.

sustainment data to provide guidance on the amount of
provisiohs, and ordnance, required by the sea base and the MEB
ashore. Table 2, sumér‘iyzes the amount of provisions and

ordnance;“re‘quired by the sea base and MEB ashore. With respect
to the amount of fuel required to sustain the MEB ashore, the
team decided to utilize the data provided by the Center for
Naval Angly‘sis study titléd “Fuel Reguirements and Alternative
Distributién Approaches in an Expeditionary Environment” [4].
Table 3, pr‘ovides the amourat’:of fuel in gallons required by the
GCE, CSSE and the conceptual ACE. Table 4 presents the total
weight and volume required including equipment; fuel, ordnance,

and pro?isions for 30 days at & surge rate.




. ’ . Surge .
Commodity Days Std. Rate(tons/day) | Weight | Volume (fi*3) Rate(tons/day) Weight |Volume (ft*3)
Provisions 30 95 2850 304000 95 2850 304000
Ordnance 30 550 16500 880000 687.5 20625 | 1100000
Total 19350 | 1184000 23475 | 1404000
Table 2. Daily Sustainment Rates, Weight, and Volume
for a MEB [3]
Surge [Sustainment Surge Sustainment
# per ship Burn rate Sorties r#Sonies per |Range |[Speed [Fuel Fuel
{Ib/hr) per day lday (nm) (knots) [{gallon) (gallon)
QTR 5 4,000 40 25 500 | 200 29,412 18,382
AH-1Z 4 800 30 3.0 650 152 6,037 6,037
H-1Y 4 800 30 3.0 650 120 7,647 7.647
V-22 : 14 350 4.0 25 500 240 6,005 3,753
JSF 6 2,000 3.0 3.0 500 875 6.618 6,618
55,719 42,437
al/mile
LCAC 3 16 9.0 20 50 35 14,400 3,200
LCU-R 2 0.86 40 10 50 15 344 86
14,744 3,286
Table 3. Fuel Requirements for 30 Days of Sustainment
(ACE, LCAC, LCU)
Weight (ST) Volume ft*3
Total Standard Rate 68,555 13,023,771
otal Surae Rate 139,880 26,573,774
Table 4. Total Volume and Weight
Establishing the MEB baseline was &n important step in
understanding the requirements stated in the SEA 1IRD. The

baseline gave the team the necessary information and & working
knowledge of how the MEB is organized and how it conducts

operations. Thie knowledge, along with & firm understending of
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the sea base, prov1ded a deeper apprec1atlon of the system—level '

requ1rements defined in the SEA IRD.

4. The Sea Base

Understandzng the sea base eoncept was a chaEEenglng task7

for the team. ‘There was not an established archltecture for the
sea base, how it should operate, or how it should be employed.
Also, as'mentioned earlier, there were a multitude of documents
that defihe'fﬁe sea base. These concepts ranged ‘from creatlng a

sea base w1th current systems, to the Mobile Offshore Base (MOB);'

concept, whlch described the 'sea base as a series of massive,

1nterconnected platforms - that could land ,heavy transport
aircraft. ' ‘ | -

The'team approached the sea base study as one that explored =
the dlfferent capabllleles that a sea base should possess. With
that phzlesephy in mind, the team proceeded to review as many
documents as possible which dealt. with the sea base concept,
merged these capabllltles with the requirements presented in the -

SEA 1IRD, and generated a common list of requzreﬁ Capabllltleé';ﬁ

for the sea base.

C. BOTTOM-UP ANALYSIS

The,Eettom Up ana}ysis covered three yrcpésed‘ship types:
LHA(R), MPF(F), and & Large Medium-Speed Roll-on/Roll-off (LMSR)
ship used to fulfill the role of an eypedltlonary support ship.
The m1551on of the Bottom Up &nalysis was to ascertain the Navy
and Marlﬁe_Corps’ platform—selutlons approach to realizing the
capabilities of the sea base. An additionalypurpose of this
study was to determine if it made sense to combine the

requirements of these three platforms into a single hull-form




design (with variants permitted). This study was conducted
without reference to the SEA IRD. The TSSE sub-team assigned to
conduct this study was tesked with writing a list of
requirements for the single ship idea and making a
recommendation on the feasibility of combining the three ships

into a common hull form with multiple variants.

MPF (F) LHA (R)

Figure 3. Combining Three Concepts Into
One Hull Form

2 review of the most recent literature of these three ship
concepts provided details on the types of capabilities these
platforms could be expected to provide. Documents referenced
were: (1) “The Draft Amphibious Assault Ship, General Purpose
(Replacement) LHA(R) CONOPS (Revision 5)” [7]; (2) “The Maritime
Prepositioning Force (Future) Draft CONOPS (1-03-02)” [8]; and

(3) OPNAV . Instruction 3501.19%E (Required Operational
Capabilities for the LMSR) [971. Current L1LHD and LHA ship
capabilities were also taken into consideration. The TSSE sub-

team that conducted the Bottom Up anelysis concluded that, based
on the requirements, the idea of <combining all of these
capabilities info one hull form merited further consideration.
Consideration of the number of ships in the sea base system and
whether or not a single hull form or variety of hulls would be
more appropriate to satisfy Sea Basing reguirements is discussed

in Part D of this chapter.
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'D.  DESIGN OPTIONS
1. Number of Ships

Once a MEB basellne and ‘an estlmate of the weight and

volume reqﬁlrement were establlshed it was necessary to

approximate the number of'ships and their displacements. Tables

5 and & represent a 3- sth and 6-ship optlon respectively.

Looklng at tabie 5 for example, the total payload reguirement is |

140,000 short tons (ST). - That figure lelded by 3 ships

resulted 1n a payload per Shlp of approx1mately 46 667 ST. The
next five columns represent the payload to dzsplacemeﬁt ratla. ‘
In a warship such as a frlgatp or destroyer, the payload is
approximatély 25% of the ship’s displacement. On the other side
of the spectrum is a containérgship where the'péylcaﬁ is 80% of

the ship’s displacement. In table 6, the total payload was

divided among 6 ships. Baséd on these two»~tables, the team -

decided 7thét' the 6-ship optlon was the best because the

dztplacement per ship was more feasible. Fu:{hérmore, the team - -

also estlmated that the displacement would likely fall between .

35% and 60% of the ship’s payload. These conclusions were

consistent w1th the current LHA/LHD class of amphlblous assault

ship characterz:tlcs.

o ‘ ispiacemen
' , Volume pe
3 SHIPS o Ship
: Warship Ratio Somewhere in between Container Ship Ratio
Payload 1 Total Payload | Payload per Ship 25% - 35% 50% 60% 80%
Weight {ST) 140,000 46,667 186,667 133,333 83,333 77,778 58,333
Volume (#t%) 26,600,000 8,866,667 35,466,667 | 25.333.333 | 17,733,333 | 14,777,778 11,083,333
i3




Table 5. 3-Ship Family With Payload to Displacement

Ratio
Displacemen
Volume pe
6 SHIPS Ship
Warship Ratio Somewhere in between Container Ship Ratio
Payioad Total Payload | Payload per Ship 25% 35% 50% 60% 80%
Weight (ST) 140,000 23,333 93,333 66,667 46.667 38,889 29,167
\Volume (ft) 26,600,000 4,433,333 17,733,333 | 12,666,667 | 8,866,667 7,388,889 5,541,667
Table 6. 6-Ship Family With Payload to Displacement
Ratio

2. Types of Ships

Other options explored by the team were the common platform
design and the variants design. In the common platform design,
all the ships would have exactly the same capabilities. 1In the
variants design, a variety of hull versions would be built to
host a smaller amount of related capabilities. For example, a
- ship of the sea base would be focused more on logistics
capabilities, combat capabilities would be incorporated on
another hull version. The following paragraphs describe both

design philosophies’ &advantages and disedvantages.

a. Common Platform Design
Advantages: The common platform design would be better

able to operate independently because each ship would possess
the required self-protection capabilities called for in the
- Master list of Required Czpabilities. A common platform design
could be more flexibly redeployed without having to take a

number of ships with it to provide the required capabilities.
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Finaliy,fthe>COmmon platform family of ships would be inherently
- more survivablég‘in that the required capabilities would be
present ~on 'gath platform and system redundancy would be'

optimited.

DisadvanfageS' The common platform declgn would have to be

a lazger shlp and therefore might cost more money to procure.

b;i' Variants Design
Aévéstages: The varzant design would be able to

cptlmlze on certaln Capabllltles and these more focused areas of

I&SpOﬁSlblllty mlght iead to a more effective employment of the

required cagabzlltzes.

Disadvantages: ~The variant design would be less
flexible in terms of employing platform elements;independently.
Some variants would have little to no self-protection
capability;u There would be'limifed redundancy}léf one ship was
damaged,‘thé'entire system might lose a significant portion of

the capabilities associated with that particular platform.

D. KEY TECHNOLOGY AREAS

The SEA“ IRD identified ‘areas that implied technolcgical
innovations 1n order to make the sea base a realzty Most of
these technolagchl 1nnovatlons ‘could be tzaced dlrecLly to the
capabllltles requlred for STOM [el.

1. Répiehishment; Distribution, and Interfaté

¢ Heavy-lift UNREP/VERTREP at sea (up to sea state 5)

15




e Drawbridge, skin-skin, (LO/LO, RO/RO)

e Lighterage technologies (e.g. HSV, LCU, small craft)

2. Cargo Handling Systems

e Automated warehousing technology to increase access
and stowage density and provide selective offloading
capability

3. C4ISR Technologies
e Integrated sea base network capable of monitoring

and meeting demand

4. Operatidnal Fires

¢ On demand and precise'fire support provided by the
sea base ships to reduce the MEB ashore logistics

footprint

5. Unmanned and Automated Technologies

e To reduce the size and weight of platform(s) and

achieve minimal manning requirements:

. UAV/USV/UUV platforms

. Automated warehousing/inventory

" DC capabilities

. Movement of ordnance associated with

the landing force and assets of the ACE
E. CONCLUSION

Requirements &analysis was comprised of a two-pronged
approach. A Top Down analysis of the SEA IRD enabled the TSSE
design team to deepen their understending of the SEA
requirements for the sez base. A review of important Navy and

Marine Corps concept pepers was conducted in order to verify
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‘ Whether or nCt‘“thé‘ SER  IRD articulated the -systém—level
f?;equirements that woﬁld meet the‘néeds-of the stakeholdér. One’
salient iséue ‘that needed furthér' clarification - was the
definition of a‘ﬁotional MEB. A Bottom Up analysis of'existing
~and planned’platfozms associated witﬁ an expeditionary Sea Rase
gikas conducted in ezder to determine how the Navy andA Marine
;QCorps plan tof;achzeve sea basing. - A list of:'rqulred
operational capabiiities was comprised as a frame of reference
| for the types of:capabilities a single—hull design wéuld need to
'  ihC0rporate in drdér to create a sea base. The Bottom Up study
; ;conC1§ded that a szngle hull design was worthy of further study.
‘ The results of the Top Down and Bottom Up analy=es and the
‘ ¢Qns1derati0n of:rkey technologies 'were merged into a single
1fdchment that forméd’a baseline for,discussion betWeen the TSSE
design team and the SEA team. Tﬁe ’Master List of Required
‘Operational Capabilities (Master'RbC‘ is included in A. The
-Master ROC covers all required Sea Basing capabilities, key
’§erfarmance pazameters of the system, “and a number oquuestions
{tc‘be answezed byffurther study anﬁ interaction with the SEA
:fteam, Further iteﬁation= of the SEA IRD occurred based on the .
" discussions held between the two teams. The £final version of
- the SEA IRD is 1nc1uded in B. Finally, the Master ROC, as the
more detailed 1list of requirements, served as the design

requirements for the TSSE platform design
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III. ANALYSIS OF ALTERNATIVES

A, SINGLE SHIP DESIGN

The first design analysis was based on combining the
capabilities of the MPF, LMSR and LHA ships into a single hull
one-ship-does-all concept, which was referred to as the X-ship.
Determining the size of the X-ship was the big challenge for
this part of the project. Because three different platforms
were being combined into one, some ship systéms could be
cénsolidated (from 3 propulsion systems down to 1) and others
could not (vehicles storage volume could not be consolidated).
A list of the capabilities of the three ship types (MPF, LMSR
and LHA) was made to determine the requirements of the X-ship,
using the LHA(R) CONOPS, LMSR ROC and the MPF(F) requirements as

guidance.

It was then decided to estimate X-ship displacement using
overall ship volume. There are graphs that relate the
displacement of different amphibious ships with their respective
total volumes. These graphs reveal a trend for the relationship
between total volume and displacement. By estimating volﬁme, we
could then predict displacement, and displacement can be used to

find all sorts of other ship characteristics

Next, the requirements of the X-ship were studied, to
determine how much volume wzs needed for each requirement. This
was the sazme method of ship size estimation that was being used
by the second design analysis team. It was important to use the
same ecstimation methods, so that the results were based on the

same data.

In fact, one of the big challenges with the Analysis of

Alternatives part of this project was to use the same data




 bétWeen the teams,f A description of the equipment‘ih~a future

wf,'MEB~was not easy té find, beééusé‘it depends on concepts like

"STOM, which have not yet been fully defined. Ail-three'téams
fwcrked together tovdetermine these numbers, and the resultlng

equzpment requzrements used by each team were the same.

Because a ‘one-shlp design is required to perfozm all
‘missions of the three ship designs it is supposed to replace, it
3was expected tdﬁbe large. There was such a wide variety of
' {components that the shlp was requzred to have, 1ncludlng a well

-deck, a hanger deck hospital, Marlne Corps berthlng,‘storagej

”‘}for vehicles and SUppllES, weapon systems, a large number -of

[antennas, machlnery repair spaceS; etc._‘The ship also had to be
 éble to anterface w1th supply ships to onload large amounts of
v supp11es, much more than is current}y done via unrep. This
requirement is needed so the ship can remain on staticn and

fcéntinue to sustain oprerations ashore for a long period of time,
' ;possibly indefinitely. It was clear that the combination of ali

"thése different capabilities was going to lead to a large ship.

’ Current Mariné Corps amphibious forces can be‘iﬁrcken up
“into MEUs and MEBs. ’An MEU is contéined aboard one LHA, one LPD
' fand one or two LSDs. One MEB is composed of three MEUs,
;ééditional aircraft and some large cargo ships tﬁétf carry
equipment, and trpéps for this equipment, tfeops which are fléwn
 int0 the area. Using one X-ship té carry an MEU was predicted
!ta vield a ship7that would be in excess of 110,000 1T, lerger
- than any naval cémbatant ever constructed. A ship ofi;hat size
liraises all sorts‘qf concerns, everything from an iﬁability to'
- transit through ény existing waterwéy»to affordability. It was
fdscided to use two ships per MEU, and 6 ships per MEB. One
‘{thing that was noted during this pfgcéss was the'inCoipdration

of the MPSRON into. this one-ship-does-everything concept. Doing
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this means the equipment normelly staged on pre-positioned cargo
ships was now going to be carried on the combatant. This was
clearly going to lead to an increase in the size of this vessel
over previous amphibious vessels such as the LHD. The
anticipated increase in &aircraft required to perform STOM was

also seen to increase ship size.

'Estimating internal volume requirements was difficult.
Care was taken to realistically account for &ll vehicles that
were to be carried, as well as aircraft, supplies and personnel.
The hangar volume was based on a given area with 30 feet of
overhead. The hangar arez was based on the combined footprint
of ail embarked aircraft. Each single ship was given two well
decks; each of which were sized to the well deck of the LHD.
Berthing volume was estimated using common sense, and all
volumes and calculations were listed on & MICROSOFT EXCEL
spreadsheet. For brevity, this spreadsheet is not included in
this report but it is &vailable upon request. After volume
calculations were completed, they were increased by 30%. This
was done to account for space needed becesuse it was felt that
volume in the storage areas had been grossly underestimated.
Accessibility is a big part of selective offlozding, and more
volume was thought to be needed to properly &account for this
capability. In addition, this extra volume served to account
for any systems that had been overlooked, &nd to allow for a

volume growth margin on the ship. This led our ship to have a

[\

volume of around 8.1 million cubic feet, which 1led to
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" displacement of around‘TG;OOO LT.

During the’ comparlton beiweéﬁ ﬁhe three dlfferent AOA
’cptions, the 51ngle ship design wasrfar larger than the other
aéhips, because the other designs 'dld‘ not incorporate a 30%
'/margins. With‘thiS'margin removed, the one-ship design dropped
to ‘around 48, OOO LT ~which better compared with the other two

de51gas

'B.  LMSR/MPF WITH LHA DESIGN (ALTERNATIVE B) o

. The second de51gn analysis was based on an MPF/LMSR variant
 w1th a separate LHA declgn The first step in the analy51s was
ifto divide the requirements between the ship types. The next
‘ Step was to determine the weight and volume requirements foz the
flequ1pment that each ship would Caify. Once the volume and
;'wezght quulrements - were ca}culatéd, a2 graph was used to
]extrapolate the flnal 1ength beam, volume and displacement of
ffhe two ships.

" In order to d1v1de the requ1rements between the sths, it
'fﬁés decided that the MPF/LMSR would function solely as the
- supply support vessel while the LHA would assume all “0of the
~combat roles. Asra final constralnt an attempt was made to
’Td1v1de the requ1rement= such that the weights and velﬁﬁés‘would
 cpme out roughly equal for both ships. The goal was_to create
~variants of a sharéd hull form. To further define the size of
j‘the two variants ~as well as maké deployment of these ships
 }é3sily scalable;‘it was decided tﬁai each pair of shipé would
i”cérry the equivalent of a Marine Expeéitionary Unit (MEU). The
LHA with an MPF!LMSR variant could then_be easily scaled. 1f a
 MEB were needed,‘ for instance, the theater commander would

simply deploy three LHA’s with three MPF/LMSR ships knowing that
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they would have all of the equipment available for a MEB sized
force. ‘

Having laid the ground rules for the division of
requirements, the LHA(R) CONOPS, ILMSR ROC and the VMPF(F)
requirements were divided among the two platforms. Every
requireﬁent that was deemed to be of &a combat nature was
delegated to the LHA variant. If the reguirement seemed to
entail more -of a supply/support role, it was assigned to the
MPF/LMSR variant. When this was completed, the various amounts
of equipment weights and volumes were put on the variants
according to their use. In example, the MPF/LMSR variant was
given a certain number of MV-22’'s to carry stores to the beach
for wuse in STOM. Once &ll the volumes and weights were
computed, & final weight and volume was assigned for each
variant. See Appendix C for & list of the equipment carried by
each variant.

The first iteration for the variants turned out to be very
successful in terms of the ship displacement. The displacements
for the ships were nearly equal, which was & primary goal for
the study. To actually determine what the final displacements
for the ships were, a perametric study was conducted. | By
determining the relationship between the overzll volume of the
ship and its full load displacement a linear relationship was
determined and utilized to estimete the full load displacement
of the ships. A detailed volume calculation for each ship is
shown in 2Appendix C. See Teble 7 below for the .basic

characteristics for each ship.




LHA Variant . | MPF/LMSR Variant

“General Concept ~_ Combat Variant - | Logistics/Supply Variant
Number per S 3 ' 3
MEB ' ' , :
Ship Crew ___~1200 Sailors - ~400 Sailors
{Marines Crew _~2000 Combat Marines ~3000 Marine Support Personnel
Volume 7.5 Million ft’ 1 7.2 Million fi’
Displacement | - ~60,000 LT o o ~52,000LT ,
Dimensions 1L:~873 fi, B: ~140 fi, D: ~30 fi L:~873 fi, B: ~140 ft, D: ~30 ft
| Speed - 25 knots . 25 knots
Aircraft JSF: 6, CH-53: 8, MV-22: 3, CH 53:3,MV-22:4, AH-1Z: 1,
. AH-1Z:3,UH-1Y:3 : UH-1Y: 1
| Combat Systems - Basic Air, Surface, Mine and Undersea Warfare Capabﬁnzes
| Capabilities

‘~;'T‘ab1e 7. MPF/’LMSR and LHA \?arlant Characterlstlcs

C.. LHA/MPF WITH LKSR DESIGN (ALTERNATIVE C)

’ The LHA/MPF w1th LMSR alterﬁatlve combines two shlps on
f‘v‘s_iinilar hull formS' but different vstzactural requzrements,
""'Vlayout and m:{sszons The division of resources is as follows
"the LHA/MPF will have the bulk of troops, the combat vsystemsf
‘b;C4~ISR, and ACE support. This will be more like a~_cén1bat or
‘cz"ozﬁr‘hand ship. The LMSR will carry fuel, provisions and
"a‘rﬁmunition, support ‘a hospital and ihterface with commercial
‘shipping. This i@ill be more like a support or MSC type ship.
"!The combination of these two platforms are expected to carry a
‘IMEU-? or a forée equi\?alent to the size of a pres{e‘nt' dayv
Amphlblous Ready Group (ARG), plus the difference between the
"'MEU and a third of a full MEB. |

The main englneerlﬂg Considerations taken i:‘ito’.t[account‘
‘di}ring this analysis were indefinite sustainment, ‘selective‘
offlosd capability, survivability and scalability.  The
fi’ﬁdefinite sustainment requirement 'dfove the fuel and combat

~loading, maintenance and logistics réquirements that made the
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analysis volume driven vice a weight driven design. The
selective offload capability, more important for the supply
variant, drove the internal layout for the ship such that there
exits a simple means of accessing any vehicle or piece of cargo
at any one time during an offload process and was accounted for
using a volume margin. Survivability was selected due to the
need for one or more of these ships to be able to support any
. portion of the MEB at any one time. While a specific number of
these ships may be able to carry a full MEB, it was desired to
have a MEU or similar size MAGTF completely supported by a
lesser number of ships as the MEU size force is historically the
most prevalent size MAGTF used. Finally, survivability was
considered from the standpéint of combat systems defensive

ability as well as ability to fight the damage control battle.

The approach used to determine these rough estimates
compared & top down approach and bottom up approach. The top
down approach involved a graphical comparison estimate based on
cubic number and volumetric capacity of current amphibious ships

as well as the MPF 2010 TSSE design of 1998.

GRAPH (2} : Cargo Volume [Nt*3] vs Ship’s Cubic Numbes

{Cargo Capacity interins of MEU equipiment 1o be embarked) MPF2010
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Figure 4. Amphibious Ship Cargo
Cepacity Comparison
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LThéﬁcurve in‘Figure 4 . shows this'céméarison. Adding’thei
knowh,‘ﬁclumes for iahdibg craft, replenishmént requizemeﬁt$; 
méjgf communications eqéipment, and engineeiing equipment'maéel
an es£imated volume of the MEBvequipment; This total voluée was
;henidpubled in order to account for space between equipmentlénd

requiréd accessibi}ity;-fﬁ tubic number of'approximately 116,003‘

wanderived,f:om the graph. This value eguates to an estimateﬂ','v

ship ‘volume of 11,500,000 cubic feet. Based on the fact_ihat»
the‘céréd'éstimate was calculated from block estimates of the
‘eqti?méht rather than théir actual volume required, the topydoWn:
estlmate was determlned to be an overestlmate. Given the~d§taf

that was avallable for - the MEB, however, thzs‘estimate could ﬁét:

have been improved.

 Tﬁe bottom up appréach was driven by the volume and wei§££'
requiiéments of an MEB -and Sea Base system. Rough weight
estiﬁéfes were made of all of the following: known MEB equipﬁéﬁt
tO-fin@lude aircraft, a"medical facility, habitability spacéé;
combat‘fsystems, basic  ammunition, propulsion and electrical
requirements, necessary spaces for a creﬁ‘size similar ts'fhéi
of‘énﬁiHD plus one sixth of the MEB, an AIMD facility and fuel
estiﬁgtes. These requlrements were then dlvzded on a percentaee
basié between the two ships baced on thelr given §u551ens ‘as
desé#ibed above. Table 8‘be1ow shows the percentage breakdown
for each ship. " o |

/iTable 9 shows the comparison of the LHA/MPF with LMSR
altérnative ships. It is evident that the‘top down and &Qtfém
up épéroaches did not agree, however, this allowed the teaﬁ'to
understand the magnltude of ship or family of shlpc that had to’

be buzld in order to meet the requ1remeﬂts of the project.
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Percentage Breakdown of Spaces: LMSR MPF/LHA
Propulsion/Aux/Elect . 5.05 5.01
" [Fuel

Ariwing 0.63 2.51

Ship 8.04 7.97
MEB 20.00 18.61
Habitability 46.77 32.34
Combat Systems 0.42 0.65
IC4l 0.42 0.67
Hospital/Medical Facilities 1.99 0.49

isc Compartments 133 1.51
Hangar Deck 3.48 18.48
Well Deck ' 11.86 11.77

100.00 100.00
Table 8. Space Breakdown by Percentage for LHA/MPF

plus LMSR Alternative

TSSE Design 2002
LMSR[K SEHAMPELM]
SAME HULL FORM
Length (f) 825 824
Beain (ft) 130 130
Desigh Draft (f) TBD TBD
Depth(ft} 107.23 107.23
Length/Beam ratio : 6.35 6.35
Length/Draft ratio TBD TBD
FL Disp (LT) 0 51,098
V olumetric Displacement 0 1,788,427
Displ-Length ratio 91 91
Ship's Cubic Number 115000 115000
Speed - sustained 27 27
Speed -Length ratio 0.84 0.94
Instalied SHP 128,200 128,200
|Features
Flight Deck Spots (include & x Landing s pots CH-53) 28.17 64.98
Well Deck B#LCAC) 2 1
V ehicle Deck Area [ft"2) 135,000 50,000
v olume MEU EquipmCarried(not incl troops) 1358196 2521848
C ubic Volume of Ship Hull[ft*3] 11,500,000 11,500,000
Detail Volume req [f1"3] 9,423513 10,699,049
Discrepancies 2,076,487 800,651
Table 9. Results of LHA/MPF with LMSR Alterrnetive

Overall, this alternative does not effectively combine the
most important resources of the three platforms eveluated into

two, leaving an unbalanced division of functionality between the




two,‘ship types and ‘unanswered questiénsk with regard to

operational concept.

D. ‘7EVELUATION CRITERIA AND CONCLUSIONS ,
To evaluate the'thrée previously discuSsed options thekteém
develdésd a set of;design criteria based on the prioiitieé éﬁd’
assumpticﬁs given in the SEA-IRD, the opérational experience of .
the  officers on the »ieamf and the input.'from the faculty
advisdrsf In addition tQ<Cur‘own experience;‘several members of
the team traveled to San Diego to discuss o§e£a£i0n= with ﬁniis
that had recently deployed on a large deck amphlblous ship- and
to take a guide tour of that ship. N
The “total score was divided into two areas. The technlca}
score comprzsed 75 % of the total score and operational sceze
was wezghted 25 % of the total score. The technical crzterla
were broken down into nine distinct functlonal areas that the
ship would have to pezforﬁ: and then weighted to reflect the
importaﬁce to the overall'mission of each area as seen in table
10. f~ Amphibious warfare (AMW) was giveﬁ7 40 % of the totéi
'we1ght1ng because the reascn for operating from a sea base is td
project forces ashore without requiring a land based staging
areé. “'kImp1icate in the area of amphibious warfare is the
abilitykto conduct air‘éyerations for combat aircraftf and a key
enablei’to &gchieving thé?éperational concept of STOM is a robﬁSt
aviation capability. Logistics (LOG) was given the next hiaheSt
weith;ﬁg at 28 % due to the demands placed on the design by the
requirémént to be 1ndefzn1tely sustainable. Fleet Support
Operations (FSO) and CA4ISR were weighted at 11 % and 10 %
respéctively and round out the major contributors to the
evalnatién criteria.' ‘Fleet Support was rank slightly hlgher

than CéISR due to the requlrement to cupport a multitude of Navy‘
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and Marine Corps systems from the sea base. It was determined
that C4ISR was important enough to have it own evaluation area,
but that there would be some overlap with amphibious warfare in
this area that would combine to give C4ISR an effective overall
rating higher than 10 %.

The remaining areas of evaluation are mine warfare (MIW),
mobility (MOB), anti-surface warfare (ASuW), anti-air warfare
(AAW), and under sea warfare (USW). These areas comprise 11 %
of the total weighting because it is assume that the escorts and
the CSG will provide the majority of the sea base’s capabilities
in these aieas. However, it would not be prudent to design a
ship thét will become the center of gravity for the sea base and
not give it at least some self-defense capability. With that
thought in mind, the areas mentioned above were included in the

evaluation criteria but given &n appropriate weighting in

ccmparison to the primary mission areas.

Werfare Weighting
Area Factor

(in percent)

AMW 40
LOG 28
FSO 11
C41ISR 10
MIW 5
MOE 2
AsuW 2
AAW 1
USW 1
Table 10. Evaluation Criteria

Each of the options was then brief to the entire team and

faculty and assigned a numerical score between one and five
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(five being the highest} by each of the team members in ihé:
’technieal' ahd operatioﬁai” areas. (Note ;the  team leader and
faculty did not vote to avoid showing prefeienee for any,sihglev
design.) The results of the team’s evaluations were then put
intoE a spreadsheet and a total score fcr each option was
calcuiéted in accerdance w1th the evaluatlon criteria. V.The :
spreadsheet results were then brief to the team and dlscussed te:
ensure- that majority consensus was reached with regard to- thef
des1gn eptloﬂ to send to the phase 111 {Cosceptual Design).
- F;guze 5 shows the fznal results for the four heavzest7f
weigﬁte&? technical Varess; whlch encompasses 8¢ % of the;j,

technical score, as well as, the scores for operatlonal coneept”

and total score. From flgure 5 it is clear the team felt thateskA

option C. (single ship design) provided clear advantages in thee
areas ef amphibious'warfare, C4ISR, and operation concept. It
is alse cles; that in the oglnlen of the team none of the optlon
possessed an advantage in the area of loglstlc. The total scc;e

favors option C and is the option that lsvselected to meve‘£e~
PhasefIII; but with some concerns in the area of the re—sﬁp§3y‘

ship for this concept.

AoA Evaluation Data

O 00 B RS B OO0

Amphibious  C4ISR " : = F8O Logistics Operational Total Score
Warlare . Concept

| & Single Ship M LHA/MPF w LMSR 0O MPF/LMSR w LHA

Figure 5. - Analysis of Alternatives
results..




As mentioned in the section concerning this alternative,
six of these ships will carry & MEB and then three will be used
as supply ships. The team was concerned that the supply ship
would be over design and too expensive to make the concept
practical. To resolve this issue it was decided that the ships
would be design to & high level of modularity to allow all the
warfare essential components to be added after initial
construction‘or removed in during shipyard availability. As a
result, the ship would be constructed as a supply ship with all
the appropriate auxiliaries to support the later installation of
the combat suite, and if necéssary could be brqught back to the

shipyard to be converted to a combatant should the need arise.
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' IV. DESIGN PROCESS

A.  DESIGN PHILOSOPHY

In addltlon to the de51gn requlrement glven in the IRD, tﬁe‘
team developed a de51gn phllOQOphy to azd in making sound'
engineering decisions. ;As ‘indicated in the'evaluation criteria
weightingr factors used‘:‘n the analysiS vof alterﬂati?es,
amphlblons operatlons and 1oglst1cs were key components of this
design and encompass the concept of sea b331ng The followzngf
list of - pr10r1t1e= in arder of highest to. 1owest were used 1ni7

the dec151on making process when conducting deszgn tradeoffs.

Priority ; "Weighting

; Factor

i. Aviation Capability " High

2. Indefinite Sustainment “High
3. Operational Flexibility - High

4. Combat Systems Defensive - High

5. Modularity Medium

6. Manning Reduction Medium

7. Speed BT Medium

8. Maintainability Medium

9. Cost Low

10. Combat Systems, Offensive Low

11. Appearance Low

Teble 11 . Design Priorities




Aviation Capability

Aviation capability is the single biggest improvement this
platform must make over existing large deck amphibious ships.
The IRD sets & requirement to operate from 25 to 250 NM from the
beach and be able to conduct STOM as deep as 200 NM inland with
the ability to reconstitute forces ashore in response to changes
in the operational objectives. Once the forces are deployed
then they must be sustained for an indefinite period of time.
The only way to effectively deliver troops and maintain a supply
chain bver 400 NM miles that covers both land and water is
through the use of aviation assets. To ensure that the maximum
sortie generation rates could be met the aviation capabilities

were given the top priority.

Indefinite Sustainment

The requirement to operate for an indefinite period of time
from a sea base was the second key zspect of this design. To be
effective in mission accomplishment and a formidable threat to
the enemy forces the sea base must be able to stay on station
for a significant period of time. Since it is impossible to
predict the duration of any conflict with reasonable &ccuracy,
the length for sustazinment was determined to be indefinite. It
is not intended that the sea base would be on station until the
date of its decommissioning, but should be able to conduct
operations at full capability until relieved by another unit.
This issue is &t the heart of sea basing. Without the ability
to move all items necessary for combet and support through the

sea base it becomes just another large combat ship.
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@ezationgz ‘Flexibility

Agaih,- the uncertalnty' Of future conflicts mandateQ that -
the forces dlspatched to fight 1n them be able to quxckly and
efficiently reconfigure to meet the changing threat. This can
-happen Qﬁ.many 1evels. In the field, the ability to insert,
retract’fiaﬁﬁ Ye-insert at a different point is a highly
declzable ablllty now referred to as reconstitution of forces
ashore. On a larger scale the ability to divide the sea base
into smaller self-sufficient unlts capable of coverlng a number
of lesser objectlve that are geographlcally separated and still
retain the 'overall operatlcnal characterlstlcs~;of STOM and
~indefinite 'Sdstainmeﬂt, wouid ~allow the theater commander
greater flex1b111ty in addreSSJng multiple objectzve scenarios.
At the Theater CINC level the ability to rapidly deploy a MEB
for 30 dayé using only 'three _NESG provides icherage for the
majority of‘the conflicts that may fall under his authority.

Combat Systems, Defensive

The assﬁmption of the NESG;escorts and the presence of a
CSG in the:theater of operation significantly reduced the combat
systenllreqqirements for this design. As a result the combat
systems weré given a lower §riority than it would have received
if the design was for a cruisér or destroyer. The reguirement
to operate in the littorals however does demand that the ship
have & significant self-defense capability, eépecially with
regard to shore based sufface,tﬁ surface missiles, smzll boat

attacks, and mines.

Modﬁlafiiy
Moduiazitf‘ is seen as one of the key enablers in

controlling ,tﬁe cost of this design and ensuring future
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upgradeability. Both combatant and supply will be constructed

~on a common hull form, and to the maximum extent possible will

share many of the same internal and external arrangements.
Where it is not possible to configure both ships the same every

effort will be made to use modularity to &allow the conversion

.from one type of space to another. In the space where modular

units cannot be wused removable bulkheads and other semi-
permanent structures will be erected. These efforts should
allow a supply variant to be converted to & combatant during an

extend availability.

Manning Reduction

.The manning levels for this ship design will be set at the

minimum number needed to accomplish the mission and still

provide a margin for safety and quality of life. 1In appropriate

areas of the design, technology solutions should be researched

to reduce the crew cize as well as increase the efficiency and

reliability the ship’s operations.

Speed

The speed and endurance requirements for the design do not
present a significant enough design chellenge to allow them to
become major design driver. When compared with the size and
speed of an aircraft carrier the estimated size of this design
should not 1limit speed to 1less than 25 knots. In limited
operational scenarios it may become desireble to maintain speeds
in excess of 30 knots for short durations, a&and thus should be

given some consideration in the design.
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Maintainébiliiy

Dué' té¢ the‘Jaﬁticipated ﬁigh"initial acquisition cost of, v
these platfoims and the limited number of facilities that could
maintain a ship of this size it is necessary tQFEXtend the life
of these ships as much as possible. This is one method of
offsetting = the high front-end - cost  fof ffthese ships.
Additionally, a lower cost of ownership over the life of the

ship will free up more money for construction and upgrades.

Cost ,‘

Due to our limited abllzty‘ to model and predlct certain
aspects of thls design the cost estimate mayl.be the most

inaccurate portion of this design. For this reason cost should

not be a high priority design driver. It is also felt that‘thei“ |

cost for a platform that could truly deliver the sea basing
capability'could easily be justified. More emphasis should be
placed on reduc1ng the cost of ownership and future upgrades

than the 1n1tlal acqguisition costs.

Combat:systems, Offensive

The offensive capabilities for the sea ‘base have been
delegated td the escort units ané the CSG. The requirement for
NSFS in thejIRD applies to the sea base as a whale'aﬂd not each
individual“ship. However, since this ship will be operating
mainly as aﬁ amphibious assault ship it shoula have some
capability'tb Support the GCE'aShore. Because this capability
is present in other platforms of the sea base it should be given
& lower priority than the combat systems defensive capabilities

discussed earlier.
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Appearance

The appearance of this ship should be one of dominating and
impressive stature, as it will undoubtedly become a capital
warship and a symbol of American strength and presence around
~the world. This should not take precedence over other design
consideration that would in anyway reduce the combat readiness

of this platform.
B. DESIGN OBJECTIVES

The design ‘objectives for this project were derived from
the guidelines established by the SEA team and the faculty
advisors for the TSSE program. The SEA Team developed a set of
system-level requirements designed to describe the kind of
‘solution needed to cover the gap in sea basing capabilities.
'The presentation of the system-level requirements by the SEA
team to the TSSE design team initiated a requirements analysis
‘phase that was meant to be iterative and interactive between the
SEA team and the TSSE design team. This process is more
" thoroughly explained in Chapter II of this report. Clearly,
therefore, a very crucial design objective was to adhere to the
Systems Engineering methodology as defined by the SEA team &nd
 adapt the methodology to this project.

‘ The design objectives also involved the directives and
_‘gﬁidelines of the faculty advisors. The faculty directed the
TSSE design team to explore the interaction and interfacing of
various subsystems such as hull, propulsion, and combat systems
-in order to produce & balanced ship design that satisfied the
system-level requirements established by the SEA team. The goal
Awés to integrate the representative academic disciplines of team

members to create a kind of synergism in achieving the end
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product. Thisn would, if ane’ properly, not Qﬁly achieve a
" better deéignf but also enhance the learning process of all
involved. Eepleying Systems Engineering principles‘throughout
the project ﬁes elee & key aim of the faculty and therefore, an

1mpoztant de51gn objective.
C.  DESIGN CONSTRAINTS

One of theeprimary considerations in developieg our design
cen=traints,;aed & design requirement from the SEA-IRD, is the
~ability to ‘galn access to majer ports in the Unlted States.
Along with the;above requirement, another goal of -this project
.is to explore the impact of future technology on shlp designs.
In order to ensure a realistic ané relevant product the design
was bounded by the following pa:ameters:

1. Draft no greater than that of za nuclear powered aircraft
carrier;f

2. Height above the waterline no greater than that of a
nuclear powered alrcraft earr;er

3. Overall length no greater than 1000 feet.

4. Displacement no greater than 1@0 000 1LT.

5. Beam no. greater than 300 feet

6. Technology that could be reedy for shipboard implementation

by 2020. ,

The referenee(te the draft and helght of an aircraft carrier
ensured the Shlp could gain aecess to any port currently capable
of zece1v1eg ‘an aircraft carrier. Constraints three through
five were set to control the size and cost of the design and to
ensure that a reasonable power plant could be implemented to
meet the SEA-IRD speed requirement. Constraint number six was

set to limit the technology research to a time period thet the




advances in technology could be predicted to some degree of
certainty. By adhering to the above constreints the product of
this project should be & design that is achievable in the near
future and provides the Navy and Marine Corps a significant

improvement over current expeditionary platforms.
‘D. TECHNOLOGY ENABLERS

1. Flight Deck

Manning reduction &and increased throughput of supplies to
‘the forces ashore were extremely important considerations in our
” ship design. The flight deck presented an excellent opportunity
 to apply technologies such as robotics to achieve the desired
manning and throughput results. The following paragraphs
describe some of the possible uses of &automation and robotic

‘technologies that were incorporated to the flight deck.

SENSOR TECHNOLOGY

l. General Description

Because the flight deck was design without a traditional
tower, the flight deck will have Radio Freguency Identification
(RFID) sensor grid that will keep track of aircraft, equipment,
and personnel movement on the flight deck. The sensor grid will
relate each entity location into a flight deck model situated in
- flight deck control. The sensor grid will also serve as a
navigation grid for unmanned flight deck equipment. The RFID
transponders and readers form the basis of the flight deck
sensor grid. The passive transponders offer & general-purpose
read/write capability that can be progremmed with description

data such as type of &aircraft, mission, maintenance status etc.
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User data is wfitten to and read from‘memory bloeks‘usiag a non-
',fvolatile"EEPROM;?silicon techndiegV'~ Ezch block is. separately"
',programmable by the user and can be locked to protect data from
’modzflcatloa,' o ‘
Multiple HF transponders that appear in ﬁhe Readers RF.
- field can'be;ﬁiitten to and read from by using the Simultaneous
Identification '{SID} number, ~whieh is pregrammeak and locked.
'The Reader Module handles all,R? and digital functions required

to read multiple transponders.
2. iransponders

The ~ HF ‘fransponder consists of a resonance circuit
assembled 'enifaa foil with a flip¥chip mounted microchip. 2n
aluminum~antenna is used as inductor and 2 layers of aluminum on
the top and bettOm side of the fail function as capacitor. The
two layers are contacted threﬁgh contacts. To,'§retect the
transponder from corrosive infiueﬁces, the alumieum is covered
“with gravure-reSist ink. The HE transponder is a‘iow power,
‘full dupleﬁ transponder for wuse with passiveflccntact less
vzdentlfleatlon traneponder systems. The tzanspohéer is designed
to operate with & HF carrier frequency. Downlink communication
(Reader to -~ Transponder) is accomplished by pulse width
modulation; ﬁp¥§ink communication (Transponder to Reader) is
implemented with sub-carrier modulation. Both, Up and Down Link
are frame syncﬁronized and Cyc¢lic Redundancy Cheek (CRC) check
sum  secured. The device provides 256 Bit non-volatile user
memory with ybleck wise read/write and locking ﬂfﬁnctionality.
Each franspcnder has a unique address that is factery—programmed
~and 32 bits‘long (232 different addresses) Each transponder
can be addressed with this unlque 1D or one can use the non-

addressed mode. 2 mechanism to 1resolve celllelons of a
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multiplicity of transponders (Simultaneous Identification - SID)
is also implemented. This special feature allows multiple
transponders to be read simultaneously. The SID mechanism offers
the capability to inventory in & very short time a large number
of transponders by their unigue address provided they are within

the reader operating range.

3. Reader

The RS232 Interface module converts the asynchronous
- Transistor-Transistor Logic (TTL) signals of the Reader Module
to standard RS232 signals. - The TTL input/output interface is
augmented with a serial interface when the reader module is
_combined with the RS232 Interface Board. This board provides an
asynchronous serial communication interface that can be directly

connected to commonly used system controllers or PCs [(10,11].

Antenna
Host Reader Module Anterma
System | with || Matching | Transponder
‘ RS232 Interface Board

Figure 6. Transponder Reader System

ROBOTICS

Todey, most of the operational robotes carry out tasks which
are too dangerous for humans to perform. Today, the enormous

advances in machine vision and autonomous navigation will
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'combined with software _technology like Artificial Intelligence
(AI) and Expert Systems (ES), and will bring a revelﬁfioﬁ in
robotics. In a not so distant future, robots will'perform a

1esger, more complex variety of tasks.
1. Fueling Systehs

~ Currently, fueiing systems on a isxge flat top coﬁSists of
- pump rooms‘locatedsaround the deck edge. Fueling teams composed
of two to three personnel unroll a fuellng hose frem a rsil
start the pump and_fuel the aircraft. In the propose fuellng
opérstional concept%:;a robotic 'vehieie similar to . .the one
depicted in Figure 7 will navigate through the flight>oetk'to a
ideszgnated aircraft' ;it spot. \Thev'sensor grid prevzously
descrlbed will served as a reference map to the robot whzle its
advance obstacle and collision avoiding algorithm software will
guide it through a 1abyrinth of aircraft and equipment. The
Mhiti—resolution Automated Path ‘Plasnieg Evolstionarye Routing
(MAPPER) genetic algbrithm (GA) is 1ncorporated into the Unified
Control Solution for path planning of autonomous vehlcles “aboard
Navy ships. MAPPER functions as a basis for plann;og when
explicit configuration space computation is not feasible. MAPPER
~5as: already been ,evaleated on problems of 2 to 6 degrees of
fieedom, including multl -degree-of-freedom (dof) greued'vehic}es

worklng in maze- llke corridors and cluttezed areas [12].
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Figure 7. Multifunction Robotic Vehicle

The robotic vehicle will approach the pit stop where the
aircraft is waiting to be served, unlatch the top of the hydrant
fueling system [13] illustrated on figure 8 and attached its
probe to the fueling valve. Meanwhile, the robot identifies the

aircraft fueling points, and deploys its fueling arm to fuel the

aircraft. The described sequence of events is not so far from
reality. Scientists and engineers are currently working in
these types of problems. Research has already tested avoidance

"collision algorithms in ground vehicles (1997) and air vehicles
(2001) . The next step is to fully test the Unified Control

Solution vehicles under shipboard and sea state condition [12].
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Figure 8. Hydrant Fueling System
(Source: Dabico Inc.)

. 2. Fire Fighting Systems

.~ This prototype‘bfﬁrobotic firefighter has bheen deveioped to
withstand temperatures of up to 800 dégreés’centigrade. All the
~wirihg has been upgfaded to survive in'the heat of a fuel fire.
The robotic firefighter is controlled remotely. The dri&er can
‘See,what is happenihéﬂin the blaze thrduéh two cameras;"infrared
aﬁd~standard, which beam back viéeo»pictures. At the front is a
pcwerful grabbing ,arm; which has multiple functions such as
débris and ordnance‘removal. Even though this vehicle%;s’stiil
' man operated, it could potentially replace an entire hose team of
about five to six people. 1In the future, the incorporation of Al
‘and ES will eveﬂtually make this type,of robot fully capable

without human intervention.
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8

Figure 9. Robotizkfirefighter

3. Towing and Tie Down Systems

Depicted in figure 10 is an omni directional vehicle [14]
that will tow aircraft and other pieces of flight deck equipment
[15]. Equipped with the advance navigation and anti-collision
software algorithm, this vehicle will navigate to the designated
place on the flight deck where the aircraft is to be towed.
Once in position, the vehicle will deploy its robotic arm and
attach it to the aircraft’s main landing gear. Meanwhile, two
smaller robots will deploy from the same vehicle and position
themselves near to the secondary landing gear. Using the sensor
grid as & reference map, the towing vehicle will tow the
aircraft to its designated spot. Once in position, the towing
vehicle will command the chock and chain robots to deploy and

complete the aircraft tie down.
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Figure 10. Omni Directional Vehicle

- ‘The omni direétional vehicle will have several variants
uthét ,wi1l considérably enhanced flight deck operations;‘ A
different vehicle ﬁéiiaﬁt‘ will have a éet ‘of forklifts aﬁd ‘a
écn§2yor like cargo‘surface. The vehicles will a have a'eazgo
wcapacity of 12,000.5 Tée forklift willvpick up cargo palieié_and
lift,them up. Whe§ the forklift reaéhésvthe cargo Sﬁrfééé; the
céﬁteyoz will‘place £he load on the cargo surface. Sﬁbééquént
loads will Dbe loaded to the wvehicle until either thé"load
reéches the maximum cargo weight capacity'of the vehitlevqf the
cargo surface is fuli, The loaded vehicle will transpbrtfthe
load to the designated aircraft or spot, and unload the 16ad in
:a simi1ar manner asfdéScribed above. , b‘“‘

“ x iAnother variaﬁt of this vehicle will be an inte§rated
maintenance and support vehicle. | Maihtenance personhel will
haVé' diagnostic software and the necessary tools to gerform
baéic diagnostics and maintenance. The vehicle will
aufoﬁatically keep- ﬁrack and inventoiy ‘its tools, pieﬁehting

possible Foreign Objett Damage (FOD) to aircraft engines.

”;'2. At-Sea-Transfer and Logistics Automation

An important element of the design philosophy for the‘Sea
Force ship was»manniﬁgvreductian. Historically, in largeiships

such as LHDs and CVs, the supply department is one of the most
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manpower demanding departments. Ironically, it is by far, the
department that could be benefited the most by automation
systems. For this reason, the Sea Force Ship design has
incorporated & number of cutting edge technologies in order to
maximize throughput and minimize manning.

The Office of Naval Research (ONR) has undertaken an ambitious
program that concentrates in future Expeditionary Logistic
capabilities. One of the studies focuses in particular on
Shipboard Internal Cargo Movement [l6].> The following
paragraphs describe some of the technologies being research by
ONR, how'these technologies are incorporated in the Sea Force
Ship design, and the benefits these technologies will have in

future Expeditionary Logistics.
1. Hybrid Linear Actuator

The actuator will combine & set of magnetostrictive
thrusters with either a tubular linear induction motor or a
linear - synchronous motor (LSM) that could replace hydraulic
cylinders or electric motors in cargo handling gear such as
ordnance and cargo elevators, and conveyor belts. Figure 11 is

ONR’s representation of a Linear Actuator.
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Figuré‘lls ~Linear Actuator (Source: QNR}

'sPQtential benefits

Potential for weight, space and power savings.

s Potential ‘to improve many cargo handling systems by
replaczng hydraulic or electzlc motors.

¢ Reduced maintenance, particuiarly specialized {fiuid
system) o

* Repair pérssnnel.

. Suppcrtsfelectric ship initiatives.
2. Linear Electric Drive Technology

tsVThis technology wiii be incorparatéd‘to horizontal/vertical
car§0~nmvement systems powered by Linear Induction Motor . (LIM)
technology. This is an extension of a §revious SBIR. Technology
devélopment includes a prime mover, bfésking and control system

for the conveyor. The system allows automatic transition between
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horizontal and vertical movements. Some of the

set for this technology are listed below.
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Figure 12. Vertical/Horizontal LIM
Conveyor Belt (Source: ONR)

Potential benefits

Handling Naval packing up to 12,000 lbs.

30 % workload reduction over current systems.

20 % weight reduction.

20 & power consumption reduction.

Reduced Workload due to robotics and system

controls.

Improved integration ebility since vertical movement

trunks do not need to be perfectly vertical and

follow hull contours.

Increased throughput speed resulting from ability to

handle larger loads.
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"3; Omni Directional Vehicle

The‘gomni-directiénai vehicle married 'tofba‘ forklift ty?e
aperatidﬁ is capable4of motion in any direction and could rotate:
within its own footprint,"lt will have an intelligent control
and. navigation system that allows it to ,éUtonomously traVél)

'betwéen‘deck stations and a hold.

Figure 13. Omni Directional Vehicle
C (Source: NAVSEA)

© Potential benefits :

ioy Handle Naval pééking,up to 12,000‘ib5.
e Throughput of 414 pallet and 100 QUADCONS in 6 hrs.
;;i 50 % manning reduction. o

¢ 50

o

power consumption reduction.

N

¢ 50 % weight and volume reduction.

* Reduced Workload due to roboticé‘and system controls
allowing autonomous navigationQ 4

e Omni-Directional motion has less arrangement impact
than forklifts by eliminating turning areas.

¢ Potential for reduced maintenance over forklift

trucks.

s
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e Will carry larger loads than forklifts but have a

smaller footprint.

4. Advanced Weapons Elevator

This new weapons elevator and ballistic elevator shaft
cargo hatch for aircraft carrier-type weapons elevators will
improve weapons handling rates with reduced maintenance 'and
enhanced utilization flexibility. The primary technology is a
spindle screw actuator with condition-based maintenance built
in. The system includes a new, faster ballistic hatch and a!

highly dexterous mobile elevator carriage.
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\
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Figure 14. , Advance Weapons Elevator
(Source: ONR)

Potential benefits

e 30 % workload reduction.

e 20 % weight reduction over current elevators.
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e 20 % powér consumption :eductién;‘
s 100 % zedéﬂ&ént system. k ’
. Increased:aigcraft sortie rates";
. Improv‘e el‘evator shaft utilization by a factor‘:
of 5. L |
. Enhanéed ntiIization fléxibility; |
'+ Potential for increased reliability and reduced

maintenance.
5. Automated Magazine

Iﬁ support of the NAVSTORS automated ﬁmgézine, two higﬁgig~
risk gpmyénents - the ,Stqndard__Payioad Interface ‘{SPI) and‘; ;

Robotic Pallet Carriers - will be developed. S?Is provide common

grasping‘interféce andkatfomatitally secure'cargo for transit;f
Payload Carriers are powered, robotic sleds that automatically"

move loads around the magazine.

Figure 15. : Automated Magazihe (Source:
NAVSEA}
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Potential benefits

Handle Naval packing up to 12,000 lbs.

e Selective off load

e Operate continuously on 15° heel, and maintain

load control on 30° heel.

e A Universal Handling Platform is required for

dramatic

e Improvement in cargo handling.

¢ Interface with NAVSTORS automated handling
systems.

e Enables Selective Offload of magazines and

holds.

6. Automated Stowage and Retrieval System

The ASRS

system would automate storerooms, holds

and

magazines and would allow for selective offload of pallets or

containers. Loads

during Strike-Down and unlocked for Strike-Up.

Potential

benefits

Handle Naval packing up to 12,000 lbs.
Throughput of 414 pallet and 100 QUADCONS in 6

hrs.

would automatically be locked into stowage

Operate continuously on 15° heel, and maintain ‘

load control on 30° heel.

75 % manning reduction.
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 6'  Selective off load ’
e Reduced Workload due to robotics and system
 controls. - ‘
& Selective offieéd to the packagé {hcminally
pallet) iead,>'1 _ |
e Increased thfcﬁghput speed resﬁiting from abiiity

to handle larger loads.

,'f?;'ﬁbtion Compensated Crane

In its normal mode of operations, the motion compensated - -

crane 1is “extended transversely from the warehouse and is

estimated throughput expected to at 29 TEUs per hour. The
ability of the crane to be recessed into the warehouse when not
in usedvéhd to operate with minimal intrusion into the flight

space abbve, makes it well suited for the sﬁip design.

Potential benefits

L] Handle contéinerized cargo up i§’24,000 ibs.
. Throughput Qf'29 ISO container per hour.
. Operate contiﬁuously up to sea’State 4.
. Reduced Workload due to robotics and system

controls.

. Selective on-load due to transverse motion of

crane over delivery ship.

. Increased throughput speed resulting from ability -

to handle 1arger loads.

expected standard container loads at sea state 4 with aﬂ"
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Figure 16. Motion Compensated Crane
(Source: NIST)

3. Propulsion

1. Propulsion Plant Trade off Studies

The considerations for the propulsion plant are minimizing
the weight and the size, cost of the construction and overhaul,
fuel efficiency, endurance, maintenance, modularity and location
flexibility, manning, resistance to vibration and shock, easy
and quick start up times and relisbility. All possible marine
propulsion plant types were researched. All the studies were

held parallel to Operational Requirement Document.

The researched marine plants are conventional steam plant,
nuclear steam plant, diesel, gas turbine and the fuel cell.
These systems are compared with respect to the design

consideration mentioned above.
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ConvehtiOnal Steam Plant: The conventlonal steam plant 15 '

- most eff1c1ent for different loading candztlons and low speed.

High power‘zs also available most of the time. Another advantage

is the ability to use the steam for the auxiliary systems. In"
addltzon, it is really easy to start up, but requires a high
volume and welght The fuel efflczency is low. So;this brings ap i
high volume requirement for . the fuel starage.:Manﬁing and the

‘maintenance is also a problem, it needs long overhaul time and

requires  huge amount of 'manning. According to design

con51deratlons the steam propu151on plant was not found to be[‘w"

the appraprlate plant for the de51gn

Nuclear Steam Plant: The most 1mportant advantage of thefa

nuclear plant is its high endurance It is not needed to refuel

repeated tzmes compared to other systems. It deesn t need alr"

for combustion. Since one of the most important missions of the

designed ship is air operation, this system eaables much more

fuel storage for the aviation assets. But it is the one most

cost inefficient. It also requires high manning and personnei |
training :ig‘ service and‘ du£ing overhaul period. Another -
‘dzsadvantage of this system is weight because of the shleldlng;:
Radiation, long start up time and political problems due to.

nuclear plant are other disadvantages. The all the information

about the nuclear plants is‘ classified, so the design team -

couldn’t‘get the satisfactory results from their research. When
the advantages and the dzsadvantages of the nuclear plant are

weighed, 1t was decided that this type of propulsion system 15’:

not feaszble for the éeszgn,'

Dlesel Engines: Even though the diesel engines are cost

eff1c1ent ‘and have low spec1flc fuel coasumptlon, ‘because of its

high weight requirements and high lube o0il consumption it was
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out of the design. Diesel systems have space and arrangement
problems due to need of several engines per shaft. The number of
engines, which will be used to meet the power requirement, will
add a lot to volume and weight. So the diesel engines were

dropped from the design.

Fuel Cells: The fuel cells have very good advantages but
the power is really a big problem. Even its efficient, modular
design, fuel flexibility, and combustion less and pollution free
source of power, the current technology can’t give enough energy
to the designed ship. Even if it is used with a gas turbine it

is still far away from the range of the design.

80 -
70 - =" Hybrid Fuel Cell T
- “e..._ & Gas Turbine__ "
R ) - — - -
2
:_-" B0 -
: B’ T T
c { MCFC
-2 0 pae SRS D
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30 i ' t T )
1kW 10-kW 1004 1MW 10MW  100-MW
Power Plant Capacity
Figure 17. Fuel Cell Power Capacity

Gas Turbines: The advantages of the gas turbines are
lightweight, low specific fuel consumption at high speeds,
modularity and location flexibility, quietness, reliability and
easy start up time. Maintenance and manning can be added to
those mentioned above. The main disadvantage was seen to be due
to large intake and exhaust ducts. This will be a bad issue for

volume and NBC problem. But it was decided that these advantages
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could be lowered by adjustments to the design and propulsion

plant. The high SFC for the lqw‘speeds and high,ﬁnit cost is

_another disadvantage.

2. Gas Turbine Comparisons

MT30: With'Sé MW of total power, MT 30 was another choice

for the pzépulsipn plant. It has a thermal efficiency of more

than 40 %. The SFC of this engine is even efficient while

H Qpe£ating at 70% of full power. Even though it has a small
‘bweight; it hasfalmost three times more volume than the LM 6000.
- To achieﬁe thé,fﬁll power of thé'ship, 5 MT30 must'bé ﬁtilized.
In this ‘CaseiJVoiﬁme requirementf'féi the machinéiy"room ﬁil}

7'increase dramatically therefore this type of engine is not

feasible for the design.

Figure 18. MT 30 Gas Turbine

ICR WR21£ This gas turbine'can'save fuel by ﬁﬁilizing the

_intercooling technology. Its annﬁal fuel Saving‘is iﬁ'the range

of 14% to 25% depending on the sﬁip*s mission. Butbits weight is
the leading disadvantage. The ship will need 6 of these engines
to get the required full power{ahd only its weight pushes it out

of the design:f'
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Figure 19. ICR W21 Gas Turbine

IM2500: This engine has a variety of wuses in marine
applications. It uses the latest power plant technology. Tt
gives great flexibility for cogeneration and combined cycle
‘applications. Ability to use the exhaust gas to broduce heat
increases the overall efficiency. This steam can be used for
auxiliary systems like boilers and other equipments. The LM 2500
has an availability rate of 99.6 $%. Engines need corrective
maintenance of 40 hours in every 10,000 hours. The hot section
maintenance is done in every period of 12 000 to 15 000 hours.
LM 2500 was taken into account for ship service and loitering
speeds. But, it was decided that; because of its low power with
respect to power requirement of the ship and the high SFC it is
not the engine for the design. Compared to its advanced model LM
25004, even it weighs is 10% less, it has almost 90% more volume

due to its width.

58



_‘Figure 20. ‘LM 2500 Gas Turbine‘

IM2500+: This engine is the newest technology and newest

.. aeroderivative ,§ESign of the GE Company. It is the advanced

" model of the‘LM~2500. It'delive;s,25 % more power than LM 2500.
Availability rate of the LM 2500+ is again 99.6 %. Reliability,
" high efficienéYﬁ,low SFC, instaliaﬁicn flexibility makés it one
~of the most‘b;ﬁemanded engine in the market of marine
 applications. it hés simple cycle thermal efficiency‘of 39% at

IS0 conditions. The LM2500+ achieves increased pQWe:'over the
- LM2500 primarily’by increasing the compressor airflow 23%, with
~a minimal increase in combustor firing temperature:by adding =a

' compression s{ége (zero stage) to the front of ‘the 1M2500

compressor. The temperature capability of the hét‘SéCtiOﬂ was

- also increased‘,by adding a thermal barrier coatiﬁg to the

combustor, upgiééing turbine ai;foil materials and‘by improving.
internal cooling designs. The designed ship will need 15 MW of
daily electric power. Lm 2500+ is chosen for loitering speeds.
With only one LM 2500+, the 24-hour electric load and up to 14

knots loitering speed can be achieved.
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Figure 21. LM 2500+ Gas Turbine

LM 1600: LM 1600 is another aero derivative engine of the
‘LM series, which is derived from F404 turbofan aircraft engine.
It is fairly small engine for the design. It has been taken into
account for the trade off studies fbr 20 days of stationary
position of the ship, providing only electrical 1load. The
comparison was made with LM 2500+. The designed ship’s electric
load is 15 MW, which is maximum power for 1M 1600. So in order
to feed the ship for the electric load the LM 1600 must be run
in full power, where ILm 2500+ must be run in half power. It
gives only 10% fuel saving compared to LM 2500+. So it is
dropped from consideration. It was not seen feasible to have
another type of engine for only 10 percent of fuel saving in 20

days.

Figure 22. LM 1600 Gas Turbine
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LM6000: The LM6000 is thé most fuel—efficient‘simple—cyclei
 gas turbine in its size class‘taday. It delivers 57330 HP with a
" thermal efficiency over 40%. It provides the power and
~unprecedented efficiency needed by users at an installed cost
““that is competitive with any gas turbine. It is HSuéily being
ﬁsed most efficiently with the cargo and fast feriy sﬁips in
" marine applicati¢ns. It is also an aero derivative, derived from
‘the CF6-80C2 commercial aircraft‘engine. Its corrosion resistant
" material and coatings provide - maximum parts - life and

reliability.
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Figure 24. LM 6000 Gas Turbine

GAS power power length | width( | height volume Weight
TURBINES (MW) (SHP) SFC (ft) ft) (ft) (f£~3) (Lb)
LM6000 42.75 57330 0.329 24.0 7.0 8.3 1394.4 18010.0
1LM2500+ 30.11 40500 0.354 22.0 8.7 6.7 1280.9 11545.0
LM2500 25.06 33600 0.373 21.4 15.7 6.7 2246.7 10300.0
WR 21 25.24 33850 0.337 26.3 8.7 15.8 3602.7 12000.0
MT30 36.00 48273 0.346 30.0 12.0 14.7 5292.0 13668.6
LM 1600 14.92 20008 0.376 13.8 10.C 6.67 923.1 8200.0
Table 12. Gas Turbine Comparisons

The designed ship will need power over 218 000 HP with the
24 hour electrical load. Six types of gas turbine engines were
discussed. Each of them was considered with respect to
dimensions, weight, voluﬁe, fuel efficiency, and maximum power.
It was decided that the most feasible prime movers for the
design are LM 6000 and the LM 2500+. To get the power needed by
the ship, six LM 2500+ or four LM 6000 or three LM 6000 and one
LM 2500+ is needed. With the choice of six LM 2500+ and four LM
6000 we will have excess power. The designed ship will not need
speeds higher than 30 knots accofding to ORD. So the most
feasible design fof the propulsion plant is three LM 6000 and
one LM 2500+.
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If LM‘ 6000 is[_used for loité:ing speeds instead of 1M
2500+, over the :périod of a month ,323 LT more fuel will be
‘ineeded due to spec1f1c fuel consumption rates, bésides,‘there
Wlll be excess pewer, more volume and more weight. It séems the
LM 2500+ gives better fuel consumption in low speeds compared to
1M 6000.

B LM 2500+ pezforms very 1neff1c1eatly between 15 and 17
':knots. The SFC for the LM 2500+ is efficient only up to g knots.

LM 6000 has smaller SFC for the speeds higher than 10 knots.

) " As a conclusion for the propulsion ﬁlant three LM 6000 and

‘one LM 2500+ will be used in the design. The IM 2500+ will be

‘; utilized for the daliy electric Ioad and loitering up to 10
i knots. LM 6000 will be used for the higher speeds ‘and combat

system requirements.

speed vs fuel consumption ﬁriﬂl elc load
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‘Figure 25. ~ Speed versus Fuel

Consumption Comparison Between LM 2500+
& LM 6000
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speed vs. SFC(elc+prop)
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Figure 26. Speed versus SFC Comparison
Between LM 2500+ & LM 6000

3. Propulsors

Two technologies were taken into account for the trade off
studies of propulsors. These are prbpellers and electrical pods.
Since there is no high-speed requirement for the design water
jets and the hydro drives are kept out of consideration. Another
disadvantage of the water jets is the weight problem. The water
entering the duct increases the weight of the ship. When the
speed of the designed ship is considered even hydro ‘drives

cannot get rid of the water, which causes the weight problem.

The main comparison and discussion was made between pods
and the conventional propellers. The figure below compares two

systems on an arctic tanker type ship.
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“with Podded Propulsor

‘Figuré 27. Conventional Propulsion
‘System and Electrical Podded Propulszon
L System Comparlson
The main englnes are co- located Wlth the prcpulszon metors
, whose positions and 1nstailation angles are derived from the
shaft design and locatlan. Long shafts‘ bring high cost - and
distribution of the wake field with it., If the shaft llneyls'
éhorteﬂed, then the angle of the shaft line increases. Location
"andférrangement of thé'pods give great fiexibility to deéigﬁErs.
There ‘is no problem of positioning for ‘the shafts, propﬁlsidn
motors and the prlme, movers. The pods also give igcétion
flexibility for the machinery room arrangements. ,‘

“ Elimination of the shaft lines and the stern thruster glves
welght reduction for the design. The only disadvantage of"the
pods in terms of spac1ng is; they saveyspace in the lewertdgcks
but they need more area in the deck above the pod, bécauée‘the
taﬁhing, cooling and the power supply equipments occupy more
than the conventional;rudder machinery room. ;

.‘The ship is more maneuverable with the pods. vIt  is
predicted that, dockiné times can be reduced by 20 %. The use of
the p0ds eliminates the stern thrusters. But at the same time it
increases the forces, which can be generated during low speed

maneuverings. In addition to that; in most situations large
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forces can be generated in the aft of the ship during crabbing
operations due to large installed power of the pods. The
disadvantage of the pods in maneuvering 1is the inefficient
operation with high speeds compared to rudders. 1In today’s
technology designers are studying steerable flaps connected to
the pod for course keeping at high speeds. By the year of 2020
this it is expected that this disadvantage of the pods will be
overcome.

Material cost of the pods is relatively high. Because the
pod uniﬁ has lots of propulsion system parts in it. But on the
other hand compact design of the pod reduces the overall
material and installation cost. The repair and test of the
podded drive can be done separately in the workshops of 'the
shipyards. This increases the repair and test efficiency of the
pods compared the work done on the board.

After weighing’ the advantages and the disadvantages of the
two propulsion systems the design team decided to use pods for

the propulsors.

4. Propulsor Motor Selection

The propulsor motor selection trade off studies were made
among HTS AC synchronous motors, conventionél motors and DC
Homopolar motors. The AC synchronous motor and the DC Homopolar
motor are superconducting motors, which are being demonstrated
by ONR. Table 13 below shows the comparison between

superconducting technology and conventional systems.
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. Supercondurting System Reliability & Operating| Installed | Competing
Electric Power . Efficiency | 4., - '
| applications Performance Mwm ‘ Lifetime | Cost Technology
1 AC symchronous Improved steady | Must be Higherty |Longer  |Equaler |Caseousend
génerators state and trensient | equivalent 03-1.0% | higher - | liquid-cooled
' AC synchronous Ho change Must be Higherby |Longer Higher indf);iim and
motors equivalent 10t02.0% addiion of VSD
JACenderground | Abifity to dovble | Must be Sightly  |Longer Higher |"Cwal
_} transmission the rled coparily | equiveleniio | higher *“FACTS
o conven. undrpd. = extruded
Fault-Current Reduces transiert | Comparsble to | More | Longet than | 2t010x | * Solid State
] Limiters cuments on system | circuit breakers | efficient T & | circuit circuit breakers
" ifortransmission& | compenents Dsystem  {breskers | bresker |*Resctos
distribution *“FACTS”
- Transformers No chenge? Must be Skghtly Longer Higher | *lronCore
for transmission & | equivalentto | higherby )
distribution conven. transf. | 01-02%3
- § Storage Improves power | Comparsbleto | Most Longer Higher * Flywheels
.} Superconducting quality and other T&D efficient ' * VAR Comp.
"} Magnetic Energy conditioning, | components | Storage * Batteries
Storage (SMES) spinning resesve, technology - STATQGM
B B VAR& AGC * Cepacitoss
Table 13. Comparison of Superconducting Electric Power
Applications to Conventional Technologies
- As seen in the ‘table the superconducting technology
increases the system ‘perfarmance. There is no loss ‘for

relzablilty and the maintenance and they have 1longer operating

llfetlme. Even with these kinds of 1ﬁ%provements they don’t have

a s:Lgnlfzcant Change fcr the efflc:Lency The only dzsadvantage
from the table is the cost. The size and the power densit‘y of

the conventional motors are far away from our requirements.

Since the pods are chosen for the propuisorsf the dimensions of

the“motors are very important. The ship will need large amounts

of power for propulsion. This will incréase the number ofxthe
pcds that will be utilized. This is one of the reasons for the
need for small size propu151on motors. _

' The other reason for the restrlctzen of the motors 51ze is
the narrow main hull of the trimaran ée51gn.,1n order to 1nstal}
the pods in an efficient way we need to have smaller pods than
today. It seems that only superccnductlng motor technology meets‘

our requ1 rements.
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Figure 29. Weight Comparison HTS versus
Conventional

Besides the volume advantages; the HTS (High Temperature
Superconducting) also gives a huge amount of weight advantage
even for power levels up to 90 MW it weighs less than 100 tons.

In terms of motor efficiency the HTS has again overwhelming

advantages compared to the other type motors.
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' Conventional -
After comparing = the conventional motors with  the

,supercdnducting motors, DC superconductingfhbmopolar and HTS AC

Synchronous motor were considered.

: DC Superéonducting Homopolar Motor: ?or warship pro?uiéibn
R&D, the Navy built a 25,000 hp multipole induction motor that
weights in at 117 tons and occupies 2500 ft®. In comparison, and
yet: to be built, a EO,QOO hp supercbnducting DC homopolar
(SCDCHP) motor would weigh in at 33 tons and occupy 1250 ft?3.
But - this motor will néed two cryo—coolers. These coelers wil1
weighfless than 200Lbs. Since it creates 'low noise, it is:very

stealthy.

H;gh Temperature 'Superconductzng (HTS} AC Synchroncus
Motor, American Superconductors Company is working on 33 500 Hp

synchronous motor for the navy. The motor includes all the
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cooling systems and has one fifth of the size and one third of
the weight of a conventional electric motor of the same power
‘rating. It provides great hydrodynamic efficiency for the pods

with its dimensions. The Motor can be driven at several times

Motor Type Diameter Length Cyro-cooler Volume
(m) (m) (m*)
HTS AC 2.65 2.08 1.0
synchronous
DC Homopolar 2.65 3.05 1.4
Table 14. HTS AC Synchronous versus DC Homopolar Motor

Dimension Comparison

the rated output for short periods, providing the ship with
important operational capability. The motor can be turned off in
case of a fault in the stator. This ahility gives motor field
control. They have low noise and no cogging torque. These motors
are smaller than the DC Homopolar motors.

As a conclusion HTS AC Synchronous motors were chosen for

the propulsor motors.
4. Combat Systems

The Sea Force will require cutting edge technology for the
Year 2020 to be successful. Every aspect of the ship will have
to be state-of-the-art to ensure the ship can be designed as
envisioned. While it will not be possible to discuss every
technological leap that must be made, some of the major
technical hurdles will be described below. These areas include:
power generation greater than 100 Megawatts for use with the

Free Electron lLaser and Rail Gun, Unmanned Undersea Vehicles to
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sUpport"next generation ‘mine and unde:sea' warfare, and CQISR,V‘

capabllltles that help support 1mp1ementatlon of the Sea Force :

as a’ J01nt Command Center.

Assumlng that the 51gn1f1cant technlcal challenges still

ahead for implementing a 1 MW Free Electren Laser and Razl Gun,

are solved there will still be a power generation requlrement

on ,the ~order of 100+ -Megawatts. The major issues w;th‘

generating this amount of power on a ship lze in the deszgn ef

the prepu151on and electrical system, storage of the requlred

pewer for nearly 1nstantaneous dzstrlbutlon, and the control ef‘
, heat dlssapatlon in these power systems. - L
The foundation of these weapon systems is the ablllty to‘

operate using high levels of peak power.e Current ships do»not‘

necessary to operate directed energy weapons. Currently, ships
utiliie‘propulsion and electric systems that are separate. NOﬁ'a
DDG- 51 class ship, the propulslon system generates 80-100 MW of

power. 'The electrical system is only eagable of genera?lng ? 5

MW-ef“power. For each FEL director, aboutglﬂ MW of power_wzll

‘have- the " ability to generate even a quarter of the 'pcwer ‘

be required to have an output of 1.5 MW. Each rail gun ‘can

require up to 60 MW éeéenéing on the desired range. Cleariy; an

electrical system is required with a drastically iﬂcreaSee
output. The first step in this process will be to implement an
Integrated Power System or IPS. Unlike current systems  th3t
only “al1ow the propulsion power to be directed into athe
propellers, an IPS will allow unused propulsion power td.'ﬁe
utilizea on other systems such as the FEL and Rail Gun [257.

In conjunction w1th the IPS a power storage system capable

of generatlng high peak power and then being recharged gquickly

is required. The two most promising technologies in thls~area

are capacitor banks and high power ‘rctating generatersv or

flyﬁheels. These energy storage mechanisms are the mest
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feasible means of meeting the FEL and Rail Gun powering

requirements on board Sea Force.

To provide the necessary power to operate a rail gun, about
60-200 MJ of energy must be output in a time of about 8ms. One
option for providing this type of power is a capacitor bank.
This type of power output will allow the rail gqun a firing rate
of about 6 rounds per minute. The - construction of the power
banks will involve linking modules of capacitors together in
parallel. One system under analysis involves building a module
of capacitors capable of storing 2.5 MJ of energy and then
linking 25 of these modules together in parallel to give an
output of about 60 MJ [26].

The 6ther option for powering the FEL and Rail Gun will be
either a compulsator (high-power rotating generator) or a
flywheel. The rotating machine within the generator is
different from conventional flywheels because it is made of
carbon-fiber composite structures that can be operated at stress
levels up to 2.8 Gpa (400 kpsi). Currently, these generators
can generate between 20 and 30 MJ and should be capable of
storing up to 200 MJ and delivering power in excess of 10 GW by
the year 2020.

For the FEL, which requires a lower peak power output with
a much longer pulse (on the order of seconds), a flywheel option
could be wused. The flywheel is similar to the high power-
rotating generator, but it generates a much lower peak power
output in exchange for a much Ilonger pulse of power. In
addition to providing a better power source for the Free
Electron Laser, the lower  power output allows greater
flexibility in the design of the flywheel [27].

A final key to the successful implementation of these
directed energy weapons will be thermal management. While it

appears all of the previously discussed power generation
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techniques ‘may‘ be Viable,‘ the Systenx that ‘sucCeeds will most
iikely be the one which is able to dissipate heat the most
rapidly.‘ﬁThe‘ability tovqﬁite'literally avoid catching on fire
as well es‘ the ability to provide the necessary povwer
requiremehts in a compact design will be tﬁe key to success.
While thermel management and heat diséipation.are~ve:y important
aspects ‘cf‘ this system; the subjects are addressed in more
detall in Shiffler (2001) [28]. _ 7
Another excellent capablllty that will be enabled by future
technology fiS' that of Unmanned Undersea Vehicles for both
hydrographlc :‘reccnnaissance ' end mine warfa;e missions.
Currently, . - there is significaht research 'being done to

incorporate',undersea vehicles in multiple vehicle systems to

survey the littoral environment [29]. Additionally, the LMRS

(Long Term Mine Reconnaissance System) system under design uses
underwater vehicles that are launched and recovered through
torpedo tubes using a mechanical arm as seen in the figure

below:

Hoop strippes bock
B provkde comsplets
Eonbral of TUY

Figure 31.  Torpedo Tube Recevery of UUV

While the LMRS program is being designed for use in submarines,

the technology could easily be incorporated 1nto a surface Shlp" 

design as well. Programs such as SAHRV {Semi-Autonomous
Hydrographie Reconnaissance Vehicle) and RMS (Remote Minehunting

System) are under research and development for surface ship use
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[30&31]. The underwater vehicle used in this project is the
REMUS (Remote Environmental Measuring UnitS) vehicle. While the
underwater world is full of unknowns, potential threats and
counter activities for UUV success, it will be necessary to
design systems that as capable as any human in the same role.
One of the most important capabilities is in the are of obstacle
avoidance. For a thorough assessment and solution to this
problem for the REMUS vehicle, see Fodrea (2002) [32].

Remote Mine Hunting systems provide excellent capabilities in
Undersea Warfare using aircraft mounted sensors such as Airborne‘
Laser Mine Detection System or ALMDS. With the improvements in-
laser technology over the past several years, electro-optics
technologies using blue-green lasers has become a potenfial
method of locatihg sea mines. Lasers have become more powerful
and compact and their wavelengths more tunable. The blue-green
laser uses a frequency compatible with seawater, allowing Laser
Detection and Ranging (LIDAR) to provide accurate information on
the characteristics of targets at various Water depths. The
system is being designed for both self-protection when traveling
through ‘choke points and confined straits, as well as rapid
reconnaissance of minefields in support of amphibious
‘operations. The Airborne Laser Mine Detection System (ALMDS) is
an electro-optics-based mine reconnaissance system that will
detect and localize drifting/floating and shallow-water moored
mines from the CH-60 or similar helicopter platform. ALMDS IOC
is planned for FYO05.
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V. SHIP'S DESCRIPTORS

i
i

Before we proceed with a more detailed description of the
ship’s characteristics, we present here a few drawings of the
final selectlon. The xemalnlng sections of this chapter describe

the ratlonale for selectlng the hull form and present an outline

of our calculatlons.
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A. NAVAL ARCHITECTURE CURVES
1. Hull Type Selection

The hull design process started with the creation of a list
of requirements for the hull. These requirements were derived
from the Analysis of Alternatives phase of this project. The
major design characteristics for the Sea Force Ship were as

follows:
Large flight deck.
Relatively high speed (25-30 kts).

Internal well deck with the ability to accommodate

LCACs and LCUs.

Stable enough to conduct operations in sea state 3

without difficulty, preferable up to sea state 5.

large cargo capacity for the storage of Marines,

vehicles and supplies needed for amphibious operation.

With these requirements in mind, an analysis of different
hull forms was conducted. The following hull forms were

evaluated:
SWATH (Small Waterplane Area Twin Hull)
Hydrofoil
Surface Effect
Monohull
Multi-hull

SWATH (Small Waterplane Area, Twin BHull) hull designs
provide stability and a large deck suitable for a large flight
deck. The small waterline area of the SWATH design is achieved

by using submerged torpedo-like hulls that are connected to the

76




‘upper‘part'cf'thé ship with very thin struts. These thin struts
have ethemely"large length—térbeam ratios, and so the ship
produces Vexylflittle wave acticﬁ, making this ‘hull  form
extremely éffibient. A typicaiv SWATH hull diagram is shown
below. ' |

© . oross stoerture

Unfortunately, these. thin struts are not wide enough to
incorporate a well-deck into the design, which was something
that was needed. So the SWATH design was not further

considered.

The maiﬁ édvantage to a hydrofoil hull form is speed. They
are extremeiy,fast, but they also use a lot of fuel because of
their high p6wer requirements. One of the‘lafgest hydrofoils

ever built”ﬁas the USS PLANEVIEW shown in the following picture.
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It was built in the 1960s, and was only 320 tons. The
Soviet Union also built one of a similar size, but neither
design proved large hydrofoils to be worth pursuing in future
ships. No research could be found about future development of
large hydrofoils, indicating that the design is not predicted to
be viable for large transport ships in thé near future. Because
of the hydrofoil’s high requirements for power, the encinrcom
size and required fuel capacity for the Sea Force Ship was
projected to be immense, reducing it’s cargo carrying ability,

and thus this ship hull form was also rejected.

Speed is also a primary advantage of the Surface Effect
hull design. Although more suited for application to the Sea
.Force Ship than a hydrofoil, this hull form is also wusually
reserved for high speed vessels, which the Sea Force Ship was
not required to be. Because these hulls require quite a bit
more power than a normal monuhull, and since speed was not a
critical factor in the design of this ship, this hull factor was

not given further consideration.

The remaining two hull forms to consider were the Mono-hull
design and the Multi hull design. The benefits of the monohull
design are obvious: It represents what has always been done.

Nearly all cargo ships, or any class of ship for that matter,
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areknmnohuils;' Over the vyears, {he ﬁmnehull désign has beeﬁ
,improvedkand iefined; and so tperé are yearsrof,expezience to
fall back on. There is a massive amount of data knowh about the
. performance nof this hull form, everythzng from their hull
resistance tc thelr stability had been thoroughly researched and
documented. f-¢C0mputer programs are also ava;iable that <can.
,predict';moﬁohuil performance based on certain - ship design
parameters.  In addition, the entire ship kédnstruction and

‘repair industry is Ggeared towards building and 3ervicing

monohulls 7Most chanﬂels, brldges, drydocks, canals and ports
are conflgured for accepting monohulls. Thus, a monohull design
ensures that ex;sting facilities ceuld be used forféuﬁpcrt‘ So

clearly a mendﬁﬁli design would meet thé needs 0f Ehe Sea Force
Ship. ‘

The final-hull form for us to consider was'the multi-hull
design. Many iésearch papers were found that investigated the
benefits of large multi-hull Ccnfigurations fdr future cargo
ships. Most of this research znvolved tri-hull deszgns, 1eading‘
“to a focus prlmarlly on the trl hull concept for the Sea Force
ship. There;»are also several large trimaran de51gns being
investigated, again for future container ships, which can claim

both good speed and high hull efficiency.

Tri—huilu.designs have many characteristics _ﬁhat would be
advantageous to a ship such as 6urs The small outrigger hulls
associated wzth the tradztionai tri-hull design make the ship
much wider glVlng the 9otent1a1 for a much larger flight deck,
open cargo areas and enhanced stability. = The hull form 1s’
efficient, allowing it to travel at relatively high speeds
without extremely large power requlrements. Tri-hulled ships
usually have ‘a large center hull with two smaller outriggers,

which makes their configuration similar in nature to existing
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monohull ship designs. The center hull can be wide enough to
~incorporate’ a well deck. In 2000, the HMS TRITON was
constructed, the largest tri-hulled ship ever built, see picture

below.

With a displacement of approximately 2000 1T, it has
undergone testing in the British Navy, and has .demonstrated many
of the benefits that a tri-hull design has to offer. However,
The Sea Force Ship was predicted to be more than 20 times as
large, introducing many more complications in design and

operation.

In the end, after comparing the two options, a tri-hull
design was chosen. This decision was driven largely by the

increase in flight deck reguirements due to Ship To Objective
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Méhéuver (STOM), as well as the potential to use the area
 betweea hulls as a staging area ﬁor'LCU operations.

2. Hull Design

When deciding to go with a tri-hull configuration, several
_assuﬁptions were made. Applying the tri hull form{to‘a large
"Cargd ship applitatibn is a fairly new concept, and nét'a lot of
rrrESearch exists regarding this ‘type‘yof vessel. ‘Thus, some
naspects of the design proved to be difficult to predlct, given
"the time glven for completron of this project. 1In addltlcn; it
was recognized that no large tri-hulled vessel has ever been
}bﬁilt,,So ship COnStruction‘techniqués for this typeydf‘vessel
~are not proven. At the very least,.rhere are not véry many,‘if
 ény,,drydocks thaf‘are wide enough to handle a vessel of this
rérze. There werévaiso concerns abeutfthe size of thé:Ship, and
‘how it would affect port access and stresses in the structure of

”the shlp while at sea. These topzcs will be discussed Iater.

» Before de51gn1ng the hulls, some limits were rpléced on
rtherr maximum dlmen51ons.‘ The antlcipated payload forithis ship
iwas extremely large, and this let to the concern that the ship
would grow unrealistically large. For this reason, and to
ensure port accéSsibgiity, it was decided that the ship ‘would
‘ ﬁbt be more théé 1000 feet 10ng,r shorter than +the ‘largest
.;aircrafr carrier. The draft was held to 43 feet or }ess for the

b'same reason, SO that it would not draft more than a fully loaded

. aircraft carrier. The goal of these restrrctlens was twofold:

fthe ship had to be able to fit into existing ports, and it had

to be of a reasonable size for construction and maintenance

‘purposes.
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After this was done, hull design began. The center hull
was designed first, using the TAK-R ship hull as a baseline hull
form. The TAKR is an approximately 30,000 LT RO/RO ship used by
the United States Army to transport military equipment. This
hull data was obtained from NSWC Carderock, by Professor
Papoulias. The data was entered into RHINO, a rendering
computer program, so that it could be viewed. This hull form
was then modified  to better suit a tri-hull application.
Research on Tri-hull ships indicated that the hulls for these
ships have a much higher length-to-beam ratio than traditional
monohulls, to reduce the wavemaking resistance associated with
each hull. So the length-to-beam ratio df the TAK-R hull was
increased by stretching it from 700 feet to 990 feet, just short
of the maximum length of 1000 feet. Hull width was narrowed to
106 feet, and draft was increased to 43 feet, again not
exceeding the 43 foot draft limit that had been set. Both the
stretching and thinning were done proportionally, so that the
lines of the hull remained smooth. These changes gave the
center hull a length to width ratio of 9.3. This 1length to
width ratio is high for a cargo ship, leading to a reduction of
predicted wavemaking resistance. However, this ratio is at the
low end of the spectrum for the center hull of trimaran designs.
There are also smaller surface combatants that have a higher
length to width ratio, but their mission is much different.
These dimensions led to a displacement of Jjust more than 70,000
LT, which met the requirements of the initial analysis of

alternatives.

Upon inspection in the Rhino modeling software, it was
\clear that another change had to be made to the hull. The stern
had a rounded section profile, and came to a point, which left

no place for a well deck. To accommodate a well deck, the stern
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”was'significantly Changed. First, the”stere sectien was made
~much more boxy, us1ng 'a quadratic manipulation of the ‘hull
;eoffseis. This gave a very smeoth trans1tzon between the

driginal mid—ship'ceefficient and the new stern. The stern was
 31$0 kept wide, and ‘a gradual decrease in draft at the end was
“added to fac111tate the placement of propulsion dev;ces "The
Vgradual decrease in draft was medeled after the LHD stern, and
this provided the Shlp with a transem; and space fer the
propulszon pods that were evestuaily chosen to propel the Sea
Foxce Ship. - Because of the shape~of‘the stern, the propulsion'
 §eds will not extend below the bottom of the ship, so they are
~p£etected, i.e. the hull will ground out before thefeo&s'hit
féﬁything. Picturesfef'the main hull can 5e found in fhe‘repert

,?reSentation, and are not included here for brevity.

3. Outrigger HullfDesign

The ostrlggers served several dlfferent purposes in this
'de51gn. First, they provided bueyancy and stablllty, due to
‘their location ontboard of the center hull. They also served as
‘a protectlve outer ‘barrier to the center hull. TheSe two
- purposes conflict, 1t is not deszrable to have  an area ef the
’Shlp designed to take hits if it is an important souzce of
‘buoyancy. So the des1gn of these outriggers was important, and

this was kept in mind during the design process.

The outrlgger hulls were sized u51ng relations found in the

lztexature The Ielatlon fer outrlgger displacement 1s-‘s

2V outriggers

=0.14

v}"
3

: With an 8? 590 LT vessel this gives each outrigger a
"dlsplacement of 6125 LT. The finel‘ design of the Ostriggers
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gave a displacement of 6000 LT each. The relation for outrigger

length was taken from the same study, is:

outrigger
length, verine _ .46

Iengthmainhull

waterline

According to this relation, with a ship length of 990 feet,
the outrigger hulls would be 460 feet long. This length was
extended to 550 feet, to allow for a decrease in outrigger hull
width. This improves outrigger hull efficiency, because the
length-to-beam ration is very large, 25, indicating a smaller
wave making resistance associated with each of these hulls.
This increase in length was also done to increase the length
along which the center hull is protected by the side hull.
Pictures of  the outrigger hull can be .found in the report

presehtation, and are not included here for brevity.

The outricger hulls were placed amidships along the center
hull. This was done to comply with a study that said amidships
was the best place for outriggers on a large medium-speed tri-
hull vessel. Width of the ship was determined by the required
flight deck space. To allow for triple tram lines of MV-22s, a
flight deck width of 300 feet was chosen. This helped to
determine the placement of the side hulls. The outriggers were
placed 140 feet off center. Because the center hull is 106 feet
wide, and the outriggers are 20 feet wide, there is a 77 foot
space between the hulls. This space was wide enough to easily
fit an LCU, and so this space was designated as an LCU staging
ground, where LCUs could pull in and onload/offload equipment.
The specifics of this evolution are covered in more detail in

the internal arrangements section of this report.
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A wave piercing'bow was used in all three hulis;‘fér‘two
freasons. First, it was an iﬁnoyative’désign; and'has'béen séen
,Qn recent future nava} combatants, so it was élso used on our
design. Also, the wave piercing bow reduces the pitcﬁing:that
is encountered in a traditional flared bow, while in heavier
.seas; A bulbous bow was also included in the design, t¢ réduce

waveéaking' resistance ‘when the ship is at transit 'speed, to
‘1ncrease the eff1c1ency of the hull. Pictures of thekéomylete
‘hull can be found ;n the report préSéﬁtation, and‘féfe ‘hot

“included here for brevity.

4. Stability

Stability calculations were done with the computér?program
AUTOHYDRO. Once the hull had been designed in RHINO, the data
was' imported into AUTOHYDRO, and stability analysis could be
performed. The fdlloﬁing graphs sum-up the results théf were

found
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- The data in these charts is part of the report giveeyby
IAﬂTOHYQRO for the. Sea Force Shlp «‘Ps:ts of the report are

attachments to thls pIOjECt.

‘S. Structural Concerns

' Because of the nature of a Trl hulled Shlp, high stresses
were" expected in parts of the de51gn,‘ especaaliy around the
; structure that connects the three hulls. This is because in
'waves, the three hulls of a tri-hull design will"reaet
’ihdepehdeﬁtly to the sea state. 'Thus, high stresses, are
expected 1n the octagonal superstructure that connects the three
hulls. For stlffenlng, ‘a very rebsst structure ~ in this
oetsgonal superstructure was used. 4'foot of height acreSS the
entire octagon was dedlcated solely for structure above the 0-4
;level and anocther 3 feet was ailocated below the main deck.
Thls is in addltlen to normal stlffeners and other structura}
’members that are assoczated with sh;y structure. Aircraft
carriers incorporate structure into the‘ first deck under the
flight deck, and thls can also be done for dlfferent decks in

~the Sea Force Ship as well.

Another antzczpated source of structsral stress cemes from
ballastlng This ship is carryzng’a,large number of troops,
‘equzpment and supplies, and in some csses it will all be taken
ashore. The cargo adds up to more than 10,000 tons, and there
;is the potential for all of this cargo to go ashore. This means
.that 10,000 tons of ballast would needed_to keep the well deck
at the waterline. To do this, the ship has tcjeheve an
additional 10,000 tons of ballast tankage built into the design.
The placement of this much ballast will have a great impact on
the stresses encountered in the ship’s structure, especially in

the ballasted condition
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_To -calculate 1longitudinal bending, a detailed weight
analysis was completed. This weight distribution was entered
into AUTOHYDRO, and a maximum longitudinal bending moment was
found. This stress was found to be 6,870,100,000 ft-tons, just
forward of amidships when the ship is in light ship condition.
' The following figure is the longitudinal strength graph for the

full load condition.

To determine how much structure was needed to counter this
bending moment, the midship section at this point in the ship
was analyzed. The outer hulls and decks were all assumed to be
0.5 inches thick, and the midship section coefficient was
calculated. When converted to psi, the stress predicted by
AUTOHYDRO was 10,050.0 psi. Standard allowable stress level is
15,000 psi, and so with just the existing structure, there is a
1.5 safety factor in the predicted stress levels for the worst
loaded condition. All of these stresses are for a static
condition, and a dynamic analysis must be done to determine the
levels of stress that would be encountered in seakeeping

conditions.

The calculation of the midship section coefficient was very
conservative, most of the hull plating and deck plating for a
ship of this size is generally thicker than 0.5 dinches. In
addition, there will be many other structural members,
" stiffeners and columns and such, that will greatly increase the
value of the midship -section coefficient, driving up the safety

factor for longitudinal stress.

Transverse stress is another type of stress that can be
large in tri-hulled vehicles. This type of stress was not

calculated, although because of the small displacement of
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batrigger‘hulis in relation to the center hull, this stress will:
be‘leSS‘than that'associatéﬁ with a catamaran—type ship. For a
more in-depth analysis of hull feasibility, this should be

yanalYZéd

- Flight deck thickness, taking into account the imbedded
systemsi;in" the deck (including electric, fuel, pneumatic aﬁd>
wétér cohnections} was predicted to be one foot. On top of the
ékfootwthick upper structural area, this deck will be able to
- support the heaviest of air vehicles that will operate from thé B

flight deck. o - |
| Overall, 40,000 LT of the ship (nearly half of the total
displacement) was predicted to be structure. - This should be
morg,than encugh to satisfy the heavy sﬁructural reqﬁirements
for thiS'Ship, due to théviﬁcreased stresses associated with tﬁe
trimafan:hull form. Howefer, heavier structtre'also makes the
ship more durable to attack, giving more mass to absorb damage,
if the structure is properly and effectivély distributed about
the ship. o
6. Floodable Length
*Nav§ standards for -floodable length dictate 15 % of the
ship should be able to flood without snbmerging the'margih liné.
This pfgblem is made This standard doés nst apply to current US
Navy amphibious warfare’,ships such as the LHD and LHS, whose
long,~épen vehicle decks make it impossiﬁie to achieve the 15%
flooding limit. 'Becaase’ of the tri-hull design, our ship: is
- able to meet this staﬂdérd, It is assumed that for floo&ihg
purposes, the well deék is ‘assumed to be open to the sea at all

times. The margin line was chosen to be 73 feet above the keel.
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Flooding of the side hulls is also critical, because they
are located far from the center of the ship, and will have a
significant impact on the list of the ship. Quick calculations
indicate that even with significant flooding, the ship will only
list a few degrees, which should allow flight deck operations to
continue. In addition, a list can be countered by using some of
the many ballast tanks, several of which are 1located in the
outrigger hulls.

7. Conclusions

More analysis needs to be done on tri-hull forms. There
are many unknowns about this hull type that need to be
researched. New books are being written about multi-hull ship
performance, and more studies are being done to determine the
féasibility of large ships with & tri-hull configuration. But
still, there are a great number of unknown performance-related

parameters regarding the performance of a large tri-hull ship.
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A mofe detailed analysis of structure is needed for a ship

SUCh‘as7this After a spec1fzc structural Iayout is created for

each‘deck; a much better idea of the needed structural welght of

the ship' will then be available, which will help to better'
complete the other aspects of the design of this ship. ‘

‘Finéily; another trip around the éesign spiral would alloW' 
for Sighificant refinement of the ship  design, from stress
calcﬁiétians to ‘weight‘v distribution to  hull dimensions;;f
Howeveé};ythe design reflects the general ‘100k that this fshipf
would';ﬁévé, and thétk is'fenough to determine that this Sﬁi§k7
design“is both feasible and practical fof, use by the Naﬁf 1
With a shlp of this de51gn; the major éhaages in amphibious
warfare such as STOM and selective offload can be realized, ané (
the capabllltzes of the Sﬁlteé States Navy and the United Statesf*

Marine Ccrp% will be greatly enhanced.
B. FLIGHT DECK LAYOUT

~ship  to Objective ,Maneuver {STOM) o§erati0§s are heavilyi'
demahding on air assets. Future expeditionary eperaticns-wili"
reqﬁiré,the deployment of the entire Ground Combat Element (GCE}
in a limited time to ranges up to 200 NM. Fﬁrthermore, once the
initial assault has been ’executed, the forces will require
reliable and precise delivery of supplies. Support to the
troops ashore will include casualty evacuation, both human and
equipment. Logistical support will be perfarmed by MV-225'éné
AERO ‘désign Heavy Lift  Aircraft. In addition, JSFs ﬁill
 constaﬁt1y fly Close Air Support (CAS) and escort missions in
support of the forces ashore and Combat Air Patrol (CAP) mission‘

to protect the assets of the Sea Base. The result of this hlgh




tempo on aviation assets was a driving factor for the design of

the flight deck and ultimately for the hull and the entire ship.
1. Aircraft

Requirement calculations for the air wing during the
assault and sustainment phases resulted in a complement of 16
Mv-22, and four Rero Heavy Lift Aircraft design. In addition,
the air wing will also include four UH-1Y Command and Control
helicopters, four AH-1Z Super Cobra attack helicopters, four SH-
60F USW and SAR helicopters, and two Unmanned Aerial Vehicles
(UAV) . For further information about each type of aircraft as
well as the air operations, flight deck management operation

concepts refer to section VI-H-2.

Air Elements Pe?

ship
Aero Heavy Lift Aircraft 4
MV-22 16
AH-1%Z 4
UH-1Y 4
SH-60F 4
STOVL JSF 6
URV 2

Table 15. RAir Wing Requirements for Sea Force

2. Dimensions

The flight deck is octagonal in shape, dual tramline, which
allows both rotary and STOVL aircraft concurrent operations. The
corners of the flight deck are cut at a 45° angle from the
perpendicular 102 ft from the forward and aft flight deck edges.
The flight deck extends for 770 ft, and has a width of 300 ft
for a total area of 231,000ft?. |
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Figure 32. Flight Deck Dimensions

3. Aircraft Spots and Runway

Thé;e are a total Gf i6 aircraft spots;‘ There are five
aircraft spot labeled 1B through 5B on the port !sidé. Six
airczaft%spots labeled 1 through 6 are positien centerline, and
five spots labeled 1A through 5A on the starboard side. All
alircraft spots are 115 ft,apért with the exception of spot 6,
which»iéiat a éistance:of‘SS ft from spot 6. The length was
calculated from the LHD-1 NATPOS Manual {34}, which states that
there must be a clearance of at least 15 ft between aircraft
rotors. ' Taking the length of the CH-53E as'the unit, its 100 ft
length was added to the 15 ft requirement.

All 16 spots can be occupleé by MV- 22 CH-53s can occupied
all of the aircraft spots with the exception of spot 6, which
does not comply with the rotor clearance reqtirement. The Ae;ﬁ
Heavy Lift aircraft océupieS'two aircraft spoté.

The runway for the fixed. wing STOVL aircraft is 770 ft
long, and 100 ft wide from foul-deck to foul- deck lines. The
take off requ1rement for Joint Strike Flghter loaded with 2 x‘

93



1000 JDAM and 2 AIM 120 is 550 ft [35]. Figure illustrates the

flight deck arrangement.

4. Flight Deck Monitoring System

Radio Frequency Identification (RFID) transponders/readers
with various available inlay shapes, form the basis of the
flight deck sensor grid. Multiple HF transponders, which appear
in the readers RF field, can be written to and read from by
using a programmable Simultaneous Identification (SID) number.
The reader works at High Frequency (HF). The system comprises a
reader, antenna, and transponders. The reader module handles all
RF and digital functions in order to detect several transponder

frequencies [37].

/e s g 3 )
\\ I s A R

Figure 33. Flight Deck Spots

‘ Per Spot Total Spot Total
Air Elements Factor [Flight [JFactor JHangar

Ship Spread [Deck Folded [Bay
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; Area  JArea
~ Rero Design L 4 110,530) 42,120 | 5,400 ] 21,600
~ RAH-1Z - , 4 12,477 9,908 | 573 2,291
UH-1Y 4 2,477 ) 9,908 | 642 | 2,567
SH-60 F 4 2,477} 9,908 642 2,567
o Mv-22 16 |5,085]81,365) 1,532} 24,509
STOVL JSF 6 |1,056) 6,334 | 1,056 6,334
.vav 1 ... ' P
‘ | 2 } 110 | 220 110‘,220
Table 16. Aircraft Spot Factors, Flight Deck, and

Hangar Bay Area.

Artenna
Host Reader Modile Anterma
___with Matching Transponder
System - | ;
RS232 Interface Board
Figure 34. Block Diagram of Flight Deck

Identification and Monitoring System
(Source: Texas Instruments)

The flight deck will have a total of 525 aﬁtennas spread ié 

a square pattern. Thé separation between antennas is:"
approximétély 20 ft. Figure 35 illustrates the position and
distribution of the antennas. Every aircraft, piece of

equipment, and ’éersonnel will have a transponder that wilib
uniqueiy, identify it and relate its position to flight ideck
control. Management of‘ flight deck operations will be '
automati;ally recorded and updated in an electronic log. Since ~

every'tfénsponder'can be uﬁiquely identified and data recordeﬁ

95




on it every aircraft or equipment status (mission information,
repair status) can be tracked electronically. This information
will be visually correlated by a network of television cameras
that will be located in every aircraft spot and on the perimeter
of the flight deck. For detail information about the flight

deck sensor grid, refer to section IV-D-2 flight deck technology

enablers.

Figure 35. Flight Deck Antenna Grid

5. Spot Signal Beacons

Each of the 16 aircraft spots on the flight deck will have
a deployable navigation and signal beacon that will act as an
landing Signal Enlisted/Director (LSE). When not in use, the

beacons will re-tracked and stored flushed to the deck. When an
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aircraft ﬁas been instructed to land or launch, thé designated
spot beacon will ~extend from the deck. Foryllong range
navigatioﬁ, every beacon will transmit a HF,navigation signal
that will indicate the pilot"his positioﬁ ,rélative to the
beacon. Once on final, the pilét'will approach thé deck using

the traditional visual aids [34] described on Figure 36.

. 1. FOULED DECK
' 2. PREPARETO
START ENGINES .
3. START ENGINES
{ 1. ENGAGE/DISENAGE
i ROTORS ‘

1. GREEN DECK
2. LAUNCH/LAND
AIRCRAFT

1. AIRCRAFT ON
FINAL

- HOVERONSPOT - -
1.WHITE/RED  TO PORT
2. WHITE/GREEN TO SBTD

: _ 3. WHITE/AMBER DOWN

¢ i . AWHITEIBLUE * UP

Figure 36. 36 Flight Deck Spot Beacon
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6. Aircraft Elevators

There are three hydraulic, deck edge type, flight deck
elevators. 211 three elevators run from the flight deck, to the
hangar bay deck. Each elevator is 70 x 70 ft, and has an area
of 4,900 ft 2 paircraft Elevator 1 is located on the starboard
side 705 ft from the forward flight deck edge. Aircraft
Elévators 2 and 3 are side by side. Elevator 2 is the most
forward, and is located 405 ft from the forward flight deck
edge. All elevators have a rated capacity of 70,000 lbs.

Elevators 2 and 3 are compound; they can operate
independently or simultaneously to 1lift or lower the Aero Heavy
Lift Aircraft. Number 1 Aircraft Elevator Machinery Room is
located in the starboard side hull, and occupies a volume of
22,400 ft3. Number 2 and 3 Aircraft Elevator Machinery Rooms are

located in the port side hull and occupy a volume of 50,400 ft>.

Elevator Machinery Room 2 and 3

Port

Ordnance Elevators 1 and 2

=

Aft Fwd

Elevator
1

Starbord

Elcvator Machinery Room 1

Figure 37. Flight Deck and Ordnance
Elevators
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7. Grdnance,Elgvators

. There‘aré two ordnance elevators that service the 3t% and 4%
~deck mégazines. Each elevator has a length of 30 ft and a width
of'15‘ft,,coﬁerihg an area of 450 ft?. Figure 37 shows the
 pésition and‘séze of the Ordnance.élevaters‘with respect to the
aircraft elevaioré. Ordnance elevator 1 is position 200 ft from
the forward ffliéht. deck e&ge." Bbih elevators are 10 ft off
center from the centerline. ?he elevators shaft runs from
~magazine 1 an&’z on the 4™ deck to the flight deck, and services
"magézines 3 andié on the 3% déck, 2 ™ and 1St’véﬁi¢1e decks,

hangar bay ahd,warehouse on the main deck, and thekflight deck. -

The elevatcrs Iated capacity is. 25,000 1lbs. With this cargo
capacity the_“elevators will have‘ the capacityf”tc lower or
retrieve 10'f‘ammunition pallets each pallét» weighiﬁg
approximately 2;400 1bs. The primary technology for this type

of ordnance élévétor is a spindie écréw actuator with condition-
based maintenance built in. The system includes a new, faster
ballistic hatch and a highly dexierous mobile elevator carriage.
This new wea?ons elevator and. ballistic elevator shaft cargo
hatch for aircraft carrier-type weapons elevators will improve
' weapons handling rates with reduced maintenance and enhanced

utilization ilexibiiity [36].

C.  INTERNAL VOLUME LAYOUT

The desi§a >team goals for the internal layout were to
ensure as mach system reduadancy as possible, eliminate the need
for machinery in as many cases as possible, and to avoid the
- creation of < systems with a»_single—pcint-of—failure; Other

important factors considered for space allocation during this
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design stage included weight distribution, system requirements
and priorities, component size, damage control and containment,

and collective CBR protection.

The layout of the internal volume was determined through an
iterative process in which the major areas of the ship that had
little flexibility in location were designated first. This was
followed by the incorporation of the smaller spaces with more
flexibility in location. 1In considering the layout, it was also
important to maintain a similar layout to that of warships,
collocating ship’s Commanding Officer berthing with the major
decision making areas on the ship (CIC, the Bridge and Joint
Staff spaces for example). Additionally, it was important to
keep ammunition spaces well protected. Due to the fact that the
movement of cargo, ammunition and aircraft was a driving factor
in the overall design, ample areas were needed through which
this movement could occur. The final layout above the waterline
combined four decks forward of the warehouse area consisting of
éombat systems and berthing spaces with three decks aft of the
hangar bay consisting of vehicle/cargo storage, medical, AIMD,

MER3, and berthing. This layout can be seen in Figure 38 below:

I

Figure 38. Side View of Internal Layout
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1.VWeii Qeck
B The three most significant areas that drové the ship’s
internal 1a§oﬁt‘ were the well deck, the hangar bay and the
vehiciefp&llet!bargo storage areas. The well deck waé placed at
the ﬁateriiné‘{approximately 40 feet above the keel) to allow
fbr LCAC opeféﬁicns. Based on transfer requirements, 4 LCACs
. were needed tO‘ Support STOM. - The first diteration of the
internal layout for Sea Force allowed for 4 LCACs stored two

deep and two across as seen in the diagram below:

T
Py
i
Lcac. N ,’ LCAC .§§ ii
1R
1A
ERE L
THL P
RN
LCAC LCAC ERN
Y
P11l
b1y
I 1
Figure 39. Initial LCAC Layout

‘However, upon subsequent findings, it was deﬁérmined that
the béam of the main hull was not of sufficient width to
accommodate t&o‘LCACs side by side. An LCAC must enter the well
deck on cushion. The original‘weli deck design was Jjust as wide
as two LCACs side by side and did not permit room for two to‘
‘come in on cushion in this arrangement. The HLCAC, however,
- became a ,posgible solution [39]. Th; proposed - craft would
increase in bbth‘length and cargo‘area by thirty—three percent
over the present LCAC and would have double the payload (144
tons vice ~70 tons) . The HLCAC wbuld be capable of carrying two
'M121 tanks or 10 light armored vehicles (LAV). Although the HLCAC

is still a <conceptual program, it would be more feasible to
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design the HLCAC around a given well deck size (as was done for
the original LCAC) than to design a ship that is not capable of
carrying the required number of LCACs. Given that a present day
LCAC is 88 feet 1long on cushion, the HLCAC would be
approximately 118 feet long on cushion. Thus, the well deck was
designed at 250 feet to accommodate for a stern gate and 60 feet
wide to ensure the HLCAC could drive in easily on cushion
without danger of puncturing the cushion. To accommodate for
AAAV launching and recovery, a stern ramp was built into the
well deck at the aft end. This ramp is below the design
wéterline so that the AAAVs can drive directly into or out of
it. At the forward end, a ramp leading fifteen feet up to a 40
foot long by 260 foot wide staging area was incorporated to
allow for loading and unloading the LCACs. The staging platform
will be used to arrange vehicles and to group vehicles prior to
loading onto LCACs. Finally, the well deck was sized to contain a
high-pressure water  spray decontamination system at the
entrance, to facilitate decontamination of LCACs as they enter
from a contaminated environment. The overall schematic of the

well deck can be seen in Figure 40 below.
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Figure 40. Well Deck

2. Hangar Bay

The second major area of consideration in the internal
-layout was the hangar bay. In order to maximize the dimensions
~and layout of the hangar, it was initially designed to span the
‘entire beam of £he ship; The airéraft elevators weré?a driving
factor in the’ overall placement of the hangar bay. Three
~aircraft elevatgrs are used to give access to the flight deck
from both siées;of the hangar, twé on the port side and one on
the starboard - side. To maximize the hangar day area, the
elevators were placed at the extreme beam' where the side hulls
~went completely from the flight deck to the keel of_each. Due
~to the fact ,thét this portion ofm each ‘side huily was located
approximately 205 feet forward of the stern, the elevators could
not be placed aft of this in order to ensure that there was
ample room for the required elevator machinery. Two of the
" elevators on thé"ports side can be connected to éréate one

compound elevator with the combined 1lifting capacity of both
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elevators. This is the only way to transfer the heavy 1lift
aircraft from the hangar to the flight'deck. Because the
aircraft elevators were planned to be used for transfer of light
vehicles, containers, equipment and potentially ordinance to the
flight deck, the hangar deck was desjgned with lanes for
throughput of these items. No consideration was made for an aft
elevator due to the fact that the stern elevator gets little use
on the LHD class ships and that the AIMD and MER3 spaces require
intake or exhaust outside the skin of the ship, both of which
could be accomplished by placing them at the stern. Given the
above—mentioned eleﬁator constraints, the hangar bay could start
no more than 205 feet forward of the stern if the elevators were

to be at the aft end.

In order to fit all of the aircraft in a folded
configuration, the hangar bay had to be approximately 70,715
square feet. With a 300 foot beam, this required approximately
240 feet of hangar bay. After several iterations, the external
bulkhead around the superstructure was designed at and angle of
13°, cutting of some of the volume of the original hangar bay.
The design was than altered to make the hangar bay 260 feet
wide. Additionally, the LCUs required storage areés above the
LCU decks (into the hangar bay) in between the main and side
hulls, taking approximately 6,400 square feet each for a total
of 12,800 sqguare feet. Finally, the motion compensated crane
was to be placed on the starboard beam of the ship at the 0-3
levél. This took additional space from the hangar bay. In
order to compensate for all of these losses, the hangar bay grew
from 240 feet to 320 feet in length with a 36 foot height.
Hangar deck height was based on the highest unfolded aircraft,
which was the CH-53. Unfolded, the aircraft is 29 ft tall. The
ultimate height of the JSF may be 30 feet tall and thus become
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‘the driving factor for hangar bay height. To allow space for
‘maintenance above the tallest aircraft and to allow for a crane
'tté»bé placed in the éverhead (to femove,heaVy oéjects sﬁch as
réfor blades and eﬁgines), the hangar ﬁaé initially Sized to a
height of 35 feet.  After changes ‘weré made to the forward
‘ §¢¢ksf the fina;;héight became 36 feet. A rough schemétic can

~ berseéh in Figure 41 below:

Figure 41. ° Hangar Bay

"3, Vehicle Decks 

Vehicle deck blayout was the third major area of
 c6hsideration and a critical factor in‘the success of selective
offload. Mechanical vehicle storage systems, such as moving
decks, that give access to each vehicle were considered for the
selective offload Precess, but were not used because of the
'single-peint-of—failuze associated with them. Additiénally,

fewer mechanical systems meant less required maintenance and
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less manning. The final design incorporated traffic lanes for
selective offload, with each vehicle able to drive into a
traffic lane for subsequent navigation to its point of exit.
The need for traffic lanes and “parking spaces” drove the space
requirement for these decks. Four vehicle decks were decided
upon, with ramp access between each of them. Each vehicle deck
was given two points of entry/exit so that if one was blocked,
vehicle movement could continue. In addition, all decks have
access to the well deck, forward vehicle offloading points and
hangar deck. The length of the decks was a consideration since
floodable lengths are important to the design of the ship.
Transvefse watertight bulkheads cannot reasonably run thrdugh
vehicle bays, however, bulkheads with large doors were placed in
the middle of the lower vehicle decks to help prevent flooding
in these areas. All vehicle decks were placed above the
waterline and are 15 or 16 feet high. The heaviest of vehicles
(M1A2 Tanks and AAAVs) were placed on the 2" deck, the lowest of
the vehicle decks, for stability purposes. In order to achieve
selective offload, the tanks and AAAVs on this deck were placed
at angles to ease movement into or out of the traffic lane.
While there are some vehicles that cannot be moved without
moving others, once one or two of the blocking vehicle are
moved; ease of offload increases. This 2" deck can be seen in

the figure below:
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Figure 42. AAAV/Tank Deck (2" Deck)

" The 1% deck is jﬁst’above the AAAV/Tank Deck and is of the
same dimensions. This deck is on. the séme level as the'aSSembly
aréa'k§ermitting the vehicles to siﬁ@ly drive onto it while
kéééing clear of the ramps from the deék below. This deckihélés
a_myriad of wvehicles inciuding RTCH, D? Dgzers,'M-97O Reféﬁlerf
P%lgs, M198 Howitzers, TRAMs and LAVs. The layout of this. deck

can be seen in Figure 43 below:
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Figure 43. Misc. Vehicle Deck (1°' Deck)

The third major vehicle storage deck is the main deck, just
aft of the hangar bay. This deck houses the HMMWVs, the LVS
Power Units and Trailers, the ROWPUs, MRC-110s, MRC-138s, MRC-
142s and the 5 Ton Trucks. There is a ramp leading down to the
.Assembly Area from this deck on the port side between the well
deck and the main hull. There is also an access door to the
hangar bay on the starboard side. This deck is divided into two
decks on the starboard side to accommodate for HMMWVs. The
limited height of the HMMWV (4.5-6 feet) as compared to that of
the other vehicles allowed for the split deck, where each of the
split deck heights is approximately seven and a half feet. Just
to the starboard side of the hangar bay entrance is &a ramp
leading to this second HMMWV deck. This deck can accommodate
approximately half of the required HMMWVs. The layout of the

main vehicle deck can be seen in the figure below:
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Figure 44. HMMWV/Truck Deck (Main Deck)

“The vehicle deCﬁs'desczibed above total over 69,700 Sqnare
feet of deck space. The free space betﬁeen vehicles or in the
gaps created from angling the véhicles‘éeen in figures above was
plaﬁned to be used for items that the team had to estimate
meaSurements for such as cargo nets énd other miscellaneous
geér. Additionally, it is important to note that a Combat Cargo
Officer or other qﬁalified Marine léading officer might‘ be
better qualified to place vehicles in the decks allotted. The
above figures show that it is possible to fit the large humber
of wvehicles required‘while at the same time providing for some

capébility for selectiverofflaad.
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4. Warehouse

Once the three major areas were set in the internal layout,
the next most important consideration was in the cargo storage
facility or ship’s warehouse. Transfer of heavy cargo,
including fully loaded ammunition containers of up to 24 LT, was
a necessary capability of the ship. Therefore, the cargo
storage area had to be easily accessible for storage of material
received from other ships. This requirement drove the team to
include the warehouse at the main deck level or above. In
addition, a considerably large space with sufficient height was
needed to store the predicted amount of cargo, as determined in
earlier studies during the design process. Calculations were
done to predict the required height of the space based on the
estimated size of overhead cranes and stacking height of the
cargo. The overhead cranes that were selected run on rails,
which can twist at sea and disable the cranes. Thus, designs
must be considered for the cranes rails such as using isolated
mounts. The motion compensated crane system used to transfer
shipping containers was placed just below the flight deck and
has the capability of operating from the forward most part of
the warehouse aft to the starboard elevator. The warehouse is
90 feet in length and extends almost the entire width of the
ship from the main deck to the flight deck for a total volume of
more than 960,000 cubic feet. Accessibility to the cargo
storage area was a major design consideration for the ship. The
two ammunition elevators were capable of stopping in the cargo
area and were therefore sized to fit a standard shipping
containers (8x8x20 feet). These elevators would be able to
transfer cargo to the flight deck and vehicle decks, if needed.
A corridor was placed along the port side of the ship leading

from the warehouse to the hangar bay, with throughput capability



to éither the aircraft elevators, the vehicle decks, or down'the'
vehicle deck ramp to the well deck. The warehouse area can be

seen in the figure below:

Hanger Bay

warehouse - )

Figure 45. Warehouse Area

The reﬁaining spaces considered in"the internal fléfout
abOVé the wateriinev include Medicél)ﬁospital faci}iiies,
Berthing, AIMD, Combét Systems spaces,and BFIMA. All but the
BFIMA are located on the decks in the forward and aft

superstructure.




5. Medical/Hospital

Sea Force was designed with a medical and hospital facility
equal to that of an LHD class ship and fully capable of
providing Third echelon afloat care to the Sea Base. Each ship
is configured to support a 500 bed hospital (80 intensive care,
20 recovery, 280 intermediate care, 120 1light care) with six
operating rooms and a pharmacy. Over 20,000 square feet of
medical and hospital facilities were placed in the aft end of
the ship adjacent to the hangar bay. This location was selected
for ease of medical evacuation or embarkation. In addition, the
Ground Combat Element (GCE) berthing is collocated with Medical
in order to support medical overflow in the «case of a
humanitarian aid mission or other emergency. This added
capacity increases the overall size of the medical and hospital’
facilities to much greater than a present day NESG. Figure 46
below shows the location of the medical and hospital facility on

the 0-3 Level aft:

:
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Figure 46. 0-3 Level Aft



6. AIMD
The -aviation capability in Sea Férce‘s‘ Aviation Combat
Element - (ACE) drives a huge need for intermediate maintenance, -

as withfany big deck ship. As seen in Figure 46 above, the

locatzon selected for this facility was the 0-3 leve} aft. The

dr1v1ng factor for this selection was a need to transport jet .

englnes or other large aircraft parts to from the hangar bay or

flight deck to the maintenance shop. The design incorporates a:ﬁ.

crane system in the hangar bay that can pick up an_ engine from a

plane and place it on a trolley leading from the hangar bay to‘ -

the AIMD shop on the 0-3 level. AIMD occupies 34,380 squaref 
feet of space with a small portion dedicated to the jet shop at
the very aft end. This location was selected so that jet

exhaust could be easily expeﬁded during engine testing.

7. Berthing

Berthlng requirements fer Sea Force demand more volume thanf“
the vehicle decks alone, to include all messing and sanztary Q
facilitiés. The berthing spaces were divided among the forward 
decks forf the majority of the Marine forées and all Navaf

personnel. As discussed earlier, the GCE berthlng spaces were"

placed in the aft portion of the ship to serve as medical

overflow when the troops went ashore. In the forward berthigg’,
spaces, all CPO (Navy and Marine) and a ;portion of Marinéf

officer bérthing was placed”on the 0-2 levéi[ Navy Officer andnvt
the reﬁaining Marine officer berthing was placed on the 0-1

level, thé;remaining Marine,enlisted berthing was placed on thé'

Main Deck’with the ship’s store, barber shop and post offlce;i’_

while the Navy enlisted berthlng occupied the first deck. The
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berthing was designed to support modularity concepts addressed

in the Habitability section.

8. C4ISR

The defensive capability of Sea Force is driven by three
major weapon systems, small caliber gun systems, and soft kill
systems. Together with the combat systems spaces and sensors,
rover 265,000 cubic feet of the ship’s volume, excluding the
ship’s ammunition stores, is dedicated to C41ISR. The majority
of the command and control spaces are on the third deck forward
of the warehouse. 211 flight deck control spaces to include
flight ops control and the LSO video room are located in this
area as well. Similar in design to and LHD class ship, the
command and contrcl spaces include JIC (Joint Intel Center),
SSES (Ship's Signal Exploitation Space), TACLOG (Tactical
logistics Ctr), HDC (Helo Direction Control), SACC (Supporting
Arms Coord Center), CIC (CIC), TACC (Tactical Air Control Ctr),
and LFOC (Landing Force Ops Center). Two Free Electrol Laser
power modules are located on this deck at the port and starboard
extreme beam, directly next to each laser. Just adjacent to
these power modules, spaces are allotted for conex box insertion
for SEAL and EOD team equipment or other organic/inorganic
assets. The remaining area on the O0-3 lével forward is
dedicated to joint or tactical planning spaces, required spaces
to support next generation CEC, Electronic Warfare Integration,
and Ship’s Self Defense System. Weapon systems on the forward
angled sides of the octagon include Rail Guns, Digital Array
Radar Rooms, and NULKA launchers (Electronic Warfare systems).
The remaining weapon systems are iocated at amidships on the

beam (NULKA Launchers), aft on the angled sides of the octagon
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(Rail Guns,- DAR panels, Sea RAM), on the aft ehd'(FEL}, or above
the bridgely(Sea RAM, SPS-73 Radar). Various other frequency
antennas‘qré discussed more‘ih the next section. The diagram

below depicts several of the spaces described above.

Conex Box Insertio

WJoint Operations, CDC,
'SSDS, efc

Figure 47. - Combat Systems Space Layout

9. Intermediate Maintenance Activity

One of the’requizementg for Sea Force design was to servég‘
as an intermediate level maintenance actiﬁity,for the ships in
company.tw‘uThis drives the need for a large ‘Battie Force
Intermediate Maintenance Activity or BFIMA. Over 16,000 square
feet of maintenance space is incorporated' into the ylayout
forward of the two lower vehicle decks. It is accessible via
the ammﬁnition elevator for transfer of parts from the flight;
deck to’the‘maintenance shop. This space is mainly divided iﬁtc
the hydraulics and pump repair shop, motor rewind shop, MR shep‘

and pipe shop.
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The aforementioned sections of the internal layout account
for the spaces above the waterline. The following sections
address those spaces below the waterline. The layout of these

spaces in the main hull can be seen in the figure below:

Figure 48. Main Hull Internal Layout

11. Tankage

Several factors must be taken into account when assessing
the need for tanks in the hull.. Due to the both the large size
of the ship and the cargo it must carry to support a MEB
operation for 30 days, the tank design 1s a tremendously
important issue, especially given the ballasting requirements
associated with simultaneous flight deck and well deck
operations. Sea Force carries more than 12,000 tons of Marine
Corps cargo, most of which is offloaded during an amphibious
operation. Once this cargo leaves the ship, ballast tanks must
be available to maintain a specific draft and keep the ship at
an even list and trim. The level of draft is very important

because the well deck is a dry well and must remain at the
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waterline to facilitate LCAC and AAAV operations. Thus, at
least 12 OOO tons of ballast that was evenly distributed along‘
the hull tanks had to be 1nc1uded in the de51gn in order to

mlnlmlze loadlnq stress after maximum ballastlng had occurred.

The taﬁks were properly dlstrlbuted between the cﬁtrzgger hulls’_ 

and the center hull to avoid large stresses in the Shlp‘_w:

structure,  especially on thev beams that connécted them. The -
tanks could not all be placed 1n the outrlggers as they would
have gained more than 10,000 LT cf weight. '

The d1v151on of the tanks below the waterllne fell hand in

- hand wzth - _watertight bulkhead placement. Numeroas:‘ 

Con51deratlons were made when placing tanks. " The fuel tanks -

were seawater compensated, sO there was no affect on the trim of

the ship ;ésf‘fuel was censumed, However, with a§praximately o

4,000 LTﬁof vehicle and aircraft fuel and 8, DOO“LT of ship fuel,
the fuel tanks accounted for a significant amcunt of weight.
Efforts were made to dlstrlbute them symmetrlcally about the
longltudlnal center of flotation. Additionally, fuel tanks haﬁl‘

to be protected from damage.  The fuel associated with the

' aviation assets and GCE {GIbUﬁd Combat Element) was critical and“7*

 was placed in the main 'hull. Ship fuel also required
protectioﬁ. However, givenk4the large amount of ship fuel
comparedite MEB fuel, the debision was made to place some of it
in the outer hulls. The outrigger hulls were designed to
protect the’main hull from damage. While putting fuel in this
area was 'dangerous, the decision was made to “put small fuel
tanks in the outriggers at locations that were not adjacent to

the engine rooms or the magazine in the main hull.

The remaining hull volume in the outer hulls provided much
needed liquid storage space. Fresh water tanks, sewage tanks .

and the previously mentioned ballast tanks were all placed in
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the outer hulls. Increasing the amount of tank space, along
with increasing the number of compartments in each outrigger,
led to better protection from flooding. Due to the placement of
the outriggers so far out off the ship’s centerline, flooding
either of them had a much larger affect on the heel of the
vessei then flooding of the center hull. A combination of
nearly full tanks and voids filled with lightweight foam or
other material to achieve a near 100 percent permeability was
used to eliminate the flooding concern for the outriggers. This
design ensured that severe damage could be taken in the
outriggers without a significant affect on the 1list of the
vessel. In the case of the ballast tanks, which are large and
empty before the ship offloads equipment, flooding in one side
can be compensated for by ballasting down the other side. The
ballast tanks are symmetrical, allowing the ship to absorb

several feet of additional draft and still remain operational.

12. Ammunition

The Sea Force design incorporates one magazine into the
main hull that is broken up into two separate compartments, each
with two levels. Together, these four spaces contain all of the
ordinance carried by the ship, with the exception of that loaded
into the ship’s weapon. systems. Additionally, the rail gun
spaces incorporate a magazine under the gun machinery space.
Thus, the rail gun ammunition is nbt accounted for in the main
ammunition compartment. Each space has elevator access to only
one elevator becauée there is a transvercse watertight bulkhead
between the two compartments. The elevators are offset from
centerline, so they do not interfere with the traffic lanes on
vehicle decks above. The elevators stop at both lower vehicle
decks (and BFIMA), as well as the warehouse (where ammunition is

onloaded), and go all the way to the flight deck. There are
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doors on the fiight deck, sei that the elevator can be down

without interfering with flight deck operations.

- 13. Engineering spaces

The ééé:Force power piantvwas designed so that if ship wés
stuck in'.ééﬁt, a small gas ﬁurbine could efficiently supply
sufficient power. Because of IPS, there were several electrical
distributipﬂ i¢éﬁtersf each of which received power from all
~ three eﬁginé~recms.~ Engine room placement was dcne to maximize
Survivability;‘ minimize inlet ‘and exhaust dﬁcting,‘ and maké
engine accessibility better for repair. The Largest engine room

is located on the main deck with one LM6000 and one LM2500+.

While these‘éngiﬁes are easily removable and are in a vulnerable

location, they are not susceptible teo flooding. - The remaining
two engine rooms were placed below the waterline, with

significanthpace between them.

All ’auxiiiary systems "were placed in the lower machinery
rooms. 'SeWége system tanks’were placed OE»the"outrigéers to
increase ltﬁé“amount of (nearly) iﬁert tankage. With the
Integrated -Power System, the ship’s power is derived from the
same seuréé aglthe propulsion system. Water is made through a
reverse Gsm9$is desalination plant. HVAC of the ship is done

through hot water and chill water circulation systems.
'D.  COMBAT SYSTEMS

The primary mission of the Sea Base ship will be to support
Marine EXpeditiona:y Forces in the execution of Ship to

Objective Maneuver (STOM). Based on this requirement, the ship
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will not be required to have a robust offensive capability. The
Combat Systems suite, with the exception of the Naval Surface
‘Fire Support Capability, was deéigned to be defensive in nature,
focusing on the following threats: High-density missile and
small boat attacks, floating, bottom and surface moored mines
and coastal water submarines. = To further enhance the ship’s
ability to counter the above threats, a robust C4ISR capability
will be required to support the Expeditionary Forces ashore.
Additionally, the ship must be capable of being upgraded to
become a Joint Command Center (JCC) in theater.

To meet the above requirements, the Sea Force will utilize
a layered, self-defense concept to defeat the common threats
encountered in Littoral Warfare. The ship will have a limited
offensive capability with the exception of Naval Surface Fire
Support, which will be used for fire support. In the event of
any major air, surface and/or sub-surface threat,‘battle Jgroup
assets will be required to escort the Sea Force. The Sea Force
will not commence STOM operations until the operating area is
cleared of the main bulk of enemy air, surface, subsurface and
mine threats. Before proceeding with the discussion of the
combat systems and C4ISR architecture, it should be noted that
the systems described below would be based on Year 2020
technology. Since the exact technology available in the year
2020 is unknown, systems currently in use or in development will
be used to describe the desired types of capabilities on Sea
Force. The systems employed on Sea Force will be similar to the
" ones listed below, but they absolutely will NOT be the same

systems installed on Sea Force.
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1. Overall Architecture

N | The combat system and CélsR“suites will be fully
integrated to  ih¢lude both organic and non-organic sensor
inputs. The intggration of the C4ISR and combat systems will
~fallow the Sea Force to be Network Ceﬁtric Warfare‘cépable and
Cwill give'the'ship,the ability to~§r0vide both power projection

and ship selfdefense. The Dbackbone of the combat systems
» architecture will be the Year 2020 Generation 'Céoperative
 Engagement Capability (CEC) and Year 2020 Generation Ship Self-
fDefeﬂse'System. ;The CEC system wiil integrate ali Qrganic and

-nén—organic‘sensbr inputs and prcvidé tracking on all targets in
" the battle group based on the ‘sensdr with the 'bést track
 qua1ity. The SSDS envisioned for the ship will ensure that all
organic weapons will be linked to provide the layéred, self-
defense of the ship. The SSDS will take the sensor data
provided by Cécfand then enable the watch stander to effectively
defend the shipvufilizing thevbest wéapon for the task.

Using CEC ‘and SSDS as the underlying architecture, the
_ship’s sensors,‘ C41SR and weagons capabilities 'wi11  then be
iadded. The ship’s sensors must prévide all data for'tracking of
friendly and/éraenemy aircraft, missiies, mines, surface vessels
and submarines. The C4ISR suite must be capable of gathering
data from both onboard and battle group assets. The weapon
- systems onboardk must be capable, at a minimum, of defeating
Anti-Ship Cruise Missiles, small to medium sized boats, mines

~and even be capable of self-defense against an undersea threat.
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2. CAISR

As stated previously, the design of the ship must include a
state-of-the-art C4ISR suite to give the ship the ability to act
as the Joint Command Center while in theater and to support the
requirements of STOM. The more difficult of the two
requirements will be to give the Sea Force the ability to act as
the Joint Command Center in theater. First, the ship must
ailocate room for the embarked staff and their operators. The
staff and their operators are anticipated to be as large as 600
personnel. The sheer number of people will consume a
considerable volume within the ship for both working and living
spaces.

The second major hurdle, and certainly the more challenging
one, will be allocating the required space for all of the
electronic equipment and associated antennas. While the
internal equipment will consume a large internal volume, the
antennas will need topside placement. The Sea Force has a large
area for mounting antennas on the side of the flight deck, but
considerations such aé antenna spacing and placement need to be
addressed. The greatest obstacle will be ensuring all of the
antennas can be placed properly without a tower. All current
big deck and aircraft carrier designs have a superstructure to
mount antennas, but the Sea Force was created without this tower
placing additional constraints on the C4ISR design.

While sufficient time was not available to fully address
these concerns, an estimate of the communication suite
requirements was completed. A calculation of the number of
antennas required to be placed topside was made based on the
number of embarked Marine vehicles, aircraft and other required

ship-to-ship and ship—to—shore communications. As can be seen
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‘”bélow in Tablepi?; the actual number of required aﬁténnas will
ibe substantial.“‘The‘high numbe; should quickly give‘one a feel
.for how difficult it may be to place‘all the antennas’pIOperiy
‘.ensuring proper separaticn and orientation without thé'benefits
. of a tower onuthé;flight deck. The number of antennas listed in
 the table aSsumeS that each antennajwill be able to handle four
; Simultaneous"cémmunications thréugh the wuse of ‘muitiplexers.
;The‘number of simultaneous channels handles by each antenna méy
" vary based on freqﬁéncy and technological capability‘évailable

'during ship construction [407].

Frequency Qﬁaﬁtity of
Band ﬁ"Antenaas P§rpose ’
VHF o9 Tactical Voice Communications,
' ‘Aircraft Communications
UHF LOS E 9 -~ Aircraft Cémmunicaticns
UBF SATCOM , 9 IXS, CUDIX, NAVMACS, ‘I‘ACIN"TEL,
{Command LAV’s, LAVP7, M1Al, HMMWV,
Armed HMMWV), LCACS, UAV's and LCU’s
SHF o) GCCS, ' SIPRNET, NIPRNET, VTC, JWICS
EHF 4 Securé Voice and Strike Voicé/Data
HF 9 Expeditionary Forces, Fire Support
TACAN 4 Aircraft Safety and Navigation
GPS 4 Navigation
IFF 2 Aircraft Identification
Various Whip | Unknown Voice/Data links o
Total : f' 56+ Minimum Required Number of Antennas
Table 17.  Major Antennas for SEA FORCE

In addition to ensuring the Sea Force will be capable of
acting as a JCC ship, the Sea Force will still require many of
the above listed C4ISR capabilities to support STOM.  These

forces must have every advantage when planning and implementing
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incursions to their objectives. To ensure the safety and

_effectiveness of the embarked forces, the ship will utilize many

different systems such as GCCS-M, NTCSS, NAVSSI, and an
Expeditionary Sensor Grid. These resources will give the ship
the means to keep a current picture of the battle space. The
information can then be processed and re-distributed to forces

afloat and ashore.

3. Air Warfare

Air Warfare was the first area considered in the Combat
Systems design spiral. While missiles could very well be

launched from aircraft in a Littoral scenario, the more likely

situation was deemed to be a land based missile attack. This
attack could come in two forms: a temporal saturation or a
magazine saturation. A temporal saturation would be a massive

missile attack meant to overwhelm the number of simultaneous
missile attacks that could be handled by on board systems. An

example would be a system that could engage eight missiles

_simultaneously, therefore, the enemy fires ten missiles at once.

Magazine saturation is defined as an attack of a few missiles
(i.e. 5 to 8 missiles) that would be repeated over the course of
many hours and/or days. The goal is to deplete the enemy ship'’s
magazine and then make the kill. An example would be firing 101
missiles that the enemy ship has only 100 missiles on board.
Obviously, the last missile would make hit the target baring a

mechanical or other problem.

a. Sensors

To deal with the possibility of high density missile




‘éttaCks, the‘Seé;Féice will employ a Year 2020 Digital Array
’Radér~ which willf~be utilized for Volume ‘
- Search, Tracking and Fire Control.  This
~ radar system will be ideal for tracking
kéozens of szmultaneeus targets and providing
fire control solutzans as appzoprlate The

~ship will utlllzeqfﬁur arrays which provide

‘:360 degree cave‘rage' to within ~100 feet of Bzgzt.al Arfay Radar
- the ship. The Volume Search/ﬂlgltal Array Panel Under Development
”Rédér {see flgure to the rlght) for the~sh1p must provide ranges
up to 250 km fdrwnot only tracking of enemy air’tatgets but
friendly air targets as well. ‘The ‘coastal envircnmentyéill'be
 £111ed with many different types‘ of aircraft tQ»»include
-friendly, enemy'ané commercial aircraft and management of all

these tracks will be essential [41].

' The Digital Array Radar wiil be the primary sensor for
‘ft:ack and flre control data, but as with any naval system, there
| must be another system for redundancy. The
Digital Array Radar will be backed up bywthe.‘
Year 2020 Generation Infrared Search and Track
System (IRST). The IRST provides aﬁ exce11ent
.secondary sensor er both tracking and fire

‘control. Four IRST sensors will be used

" primarily for detecting the plumes of missile
Current IRST Semsor = : ‘
exhaust. Once the exhaust® has been detected, a
weapon can be slewed to destroy the target. The IRST must be
‘designed to have a range of at least 10 km to be used with on
;'board,weapons.
" While the Digital Array Rééar‘and IRST will’be used as
primary and secondary tracking/fire control solutions against
kair tracks, othef'systems will be‘réquired to helpfﬁﬁhage‘the

cbastal air picture. To handle the sheer volume of air traffic

125




found in the littorals, a year 2020 Generation Identification
Friend or Foe (IFF) system will be equipped. The IFF system
wili allow friendly, commercial and other tracks to be
identified at long ranges (up 150 km) and further assist the
ship in track management.‘ Another system that will be required
on board will be the Tactical Aid to Navigation (TACAN) system.
TACAN is a requirement for ships that will operate with
aircraft. TACAN allows friendly aircraft to locate and fly
difectly to the ship’s position [42].

b. Weapons

To combat magazine and temporal saturation attacks, two types
of weapon systems will be used: The Free Electron Laser and a
Year 2020 Generation SEA RAM. The Free Electron Lasers will
| provide an effective <counter to magazine
saturation attacks due to its deep magazine.
As long as the system is operational, it can
fire without the threat of using all of its
rounds. The ship will be configured with five

beam directors and three beam generators.

Since there are only three beam generators, a

~ FEL Beam Director pmayimum of three beam directors can be utilized
at any one time. Any three out of the five can be utilized,
however, by simply re-routing the beam to any one of the beam
diréctors. The Free Electron Laser (FEL) will be expected to
have a range of at least 10 km. This range allows defense of
the ship against six simultaneous incoming cruise missiles
traveling at about Mach 2 [43].
The SEA RAM will be the secondary Air Defense weapon
installed on board. The SEA RAM will help

counter the temporal saturation attack
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scenario. While the SEA RAM has less than half the range of the
}EEL,‘the m1551le defense system wzll give the ship the ablllty
to engage more than one target at a time. The capabllggy of the
- SEA RAM ' to engage more than one target at a fime will
~effectively complement the FEL. There will be three SEA RAM
3m03nts on board and tﬁey will be spaced as far fromjthe FEL
'dlrectors as posszble in the event the ship sustains damage
ﬁThe ‘minimum range, of the SEA RAM will be 4 km (current
~capability), but with technslogicély advancement$, tﬁe range
‘should be extended out to 10 km making it a much more‘effective'
‘weapon. o o

o As stated‘vp:éviously, the ccmbai :systems suitei will be
primarily defensivé‘in nature and’as such features mainly point
defense weapons.  For additional protectlon from air threats,
'three other options arise: Battle Group Escorts, Embarked/Battle
7Group Aircraft and Electronic Jamming/Deception Capability.
‘While the Navy‘,recently canceled the Advanced Integrated
ﬁElectronic Warfare System (AIEWS), the assumption will be made
: that a similar program with more advanced capabilities wi11 be
" re-instated by .the Year 2020. The electronic ~ warfare
capabilities addé§ with this systemvwiil give the ship an active
. Jjamming capability and perhaps even a decoy system for use
onboard the shi§  (provided the ré&ér cross section can be
~reduced to an acCeptable level vs. 'size} Other defense against
air attack will come in the form of air defense capaballtzes on
other battle group assets as well as from embarked aircraft such
'fas the Joint Strike Fighter. These other aSsets,‘if required,
must protect the Sea Force from ranges greater than 10 km and
‘preferably out to a range of 100 km+. For a layout of the air

self-defense suite, refer to Table 18 below.
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Layer Weapon System Range (km)

Outer/Middle/
Embarked JSF’s
Inner Layer
Battle Group Air/Surface Assets 10-100+
Defense
Free Electron Laser
Enhanced SEA RAM

Point Active Electronic Warfare
Defense 0-10

‘ Countermeasures

Deccys
- Table 18. Layered Air Defense for Sea Force

4. Mine Interdiction Warfare

With the air threat capabilities defined, the next concern
will be the mine warfare threat. For Littoral warfare, this
area must not be overlooked as mining of coastal waters is and
will be an excellent defensive for the enemy. Even though Mine
Warfare was discussed after Air Warfare, it will be no less
important in the combat systems design. Using the premise that
the combat system suite would not contain any robust offensive
capabilities, the decision was made to only enable the ship to
perform basic mine detection, clearance and removal operations.
The ship would not knowingly steam into heavily mine infested
waters without assistance from battle group assets such as mine
hunting ships. The ship would be enabled, however, with basic
mine detection and removal equipment in the event of the non-
availability of battle group assets or small scale mine threats.
The reguirement to operate in a Littoral