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ABSTRACT

Currently, no specifically designed system exists that provides a forward
deployed option to board and search commercial traffic bound for the United States.
With the increase in terrorist activity, the need for the United States to protect herself is
evident and even paramount. One area of concern is the commercial traffic coming into
various seaports of the United States. The desire to meet the potential adversary at the
furthest point of attack and not impede the timeline of commercial traffic was the

overarching objective for this project.

This report describes the designed system of systems that meets the preferred
requirements of self-protection for the United States by inbound commercial shipping
traffic. The intent of not impeding commercial traffic is also met. Through the Total
Ship Systems Engineering (TSSE) process, a system that is forward deployed, addresses
multiple ports and combines the presence of smaller interceptors on board a mothership
was designed. This report presents the overall architecture of the above system while it
concentrates in more detail on the conceptual design aspects of the mothership. The
report is produced in order to satisfy the capstone project requirements of the TSSE

program at the Naval Postgraduate School.
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l. INTRODUCTION

Currently, no specifically designed system exists that provides a forward
deployed option to board and search commercial traffic bound for the United States.
With the increase in terrorist activity, the need for the United States to protect herself is
evident and even paramount. One area of address is the commercial traffic coming into
various seaports of the United States. The desire to meet the enemy at the furthest point
of attack and not impede the timeline of commercial traffic was the goal for this project.

The resolution to this problem had to be potential accessible with in the next five years.

This report describes the designed system that meets the preferred requirements of
self-protection for the United States by inbound commercial shipping traffic. The intent
of not impeding commercial traffic is also met. Through the TSSE process a system,
forward deployed, multiple ports and smaller interceptors on board a mothership was
constructed. The project focuses on one city, San Francisco, but was designed for use via

any city on either coast.
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II. REQUIREMENTS

A. MISSION NEEDS STATEMENT

The mission statement was derived from Sea9’s requirements, “Develop a
conceptual, near-term, joint and inter-agency system of systems (SoS) in the 5-year
timeframe to respond to terrorist threats to the United States that emanate from the
Maritime Domain by (1) generating SoS architecture alternatives using existing systems,
programs of record, and commercial off the shelf (COTS) technologies and developing
concepts of operations and (2) recommending a cost-effective SoS that must minimize
impact on commerce. The SoS would be deployed in three missions: prevention of a
nuclear WMD attack, prevention or defeat of an attack using a merchant ship (SAW), and
defeat of a suicide small boat attack (SBA) on a high value target (such as an oil tanker or

passenger ferry).

B. OPERATIONAL REQUIREMENTS

Armed with the SEA-9 Mission Needs Statement (MNS) and assumptions listed
in the previous section, the TSSE Team needed to develop potential Concept of
Operations (CONOPS) before proceeding with system identification. Although the MNS
stated what the system was required to do, there was no supporting documentation as to
how it could be accomplished. In fact, no known CONOPS existed to address this
specific need. To develop such a CONOPS, the team reviewed existing procedures in
Maritime Interdiction Operations in the Arabian Gulf as well as Counter Drug Operations
in the Gulf of Mexico and then expanded these concepts to the immense Pacific Ocean

Theater.

Initial investigation focused on where the VOI’s may originate. Because of the
many potential stops a ship may make prior to exiting the South China Sea (Figure 1), it
was determined that intercepts should not occur prior to VOI’s entering the Philippine
Sea. Considering that the entire voyage could range up to 9,000 nautical miles, there
would also be ample time to conduct the intercept without having to navigate through
constrained areas. Assuming that the orders to execute would be one day time late in

addition to one extra day of preparation, there was little chance that an intercept in this



area could be accomplished in the minimum time. Thus, the CONOPS was limited to
open ocean intercepts. An advantage to moving the starting point into the open ocean was
that the CONOPS would now become applicable to any port of departure, not just
Singapore and Hong Kong. An open-ocean CONOPS would also allow an even greater

spread of departure times.
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Figure 1.  Southwest Asian Routes
With the ocean area constrained in the west, the TSSE Team looked at
constraining the area in the eastern Pacific. Since the system needed to be robust enough
to avoid any delay to commerce, a natural limit to where an intercept could begin
developed. Considering a maximum search time of seven days and a speed of advance of

20 knots, a VOI must be intercepted prior to closing within 3,600 nm of San Francisco.



An intercept occurring inside this line may not be completed prior to arrival and would

thus delay commerce (Figure 2).
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Figure 2.  Great Circle Routes and Eastern Constraint

This intercept line not only further constrained the intercept area, but also made
the CONOPS applicable to any Western US seaport. Figure 2 also depicts three potential
MTR bases in Hawaii, Japan, and Guam. The key aspect of this forward deployment
would be to get in front of the lead VOI as soon as possible to avoid any tail chases. The
normal use of the northern route means that the majority of the systems should be based
in Japan with Hawaii acting as a back-catch for any VOI’s traveling along the rarely used

central and southern routes.

The overall operations area thus defined, the TTSE Team recognized that this area
was still too large to develop a specific CONOPS. As a result, a smaller traveling frame

of reference linked to the VOI’s was developed (Figure 3).



Figure 3.  Traveling Operational Area

Considering the nominal 20 knot speed of advance, it could be expected that 10
VOI’s would have a separation of approximately 500 nautical miles along the great circle
route. Variation between ports of departure, navigational choices, enroute stops and other
potential differences between VOI routes could result in widening this box around the
great circle route up to 200 nautical miles. Thus, a box traveling at 20 knots was
constructed for each major port of departure for a total of two boxes for 20 ships. Based
on the experience from current Maritime Interdiction Operations, the assignment of two
systems per box was made with the understanding that this setup would vary depending
on the system selection. Consideration was made to keep the operational areas as general

as possible to ensure that all potential systems could be equally considered.



I11. CONCEPT DESIGN

A. HULL

1. Introduction

The Tsunami Hull is a combination of the Trimaran high speed type hull and the
Small Water plane Area Twin Hull (SWATH) design. In order to create an open docking
area with a fixed arch covering the aft section of the ship, the SWATH stern is employed.
This enclosed area makes up the entire interceptor loading and unloading area of the ship.
By combining the two different and very unique hull forms, the TSSE mothership
concept can load and unload a 95 ton interceptor vessel into a mission bay safely and
expeditiously using a robust fixed hoist mechanism without the use of other complicated,
labor-intensive, and expensive systems. A full discussion of all parts of this section is
provided in Appendix B.

2. Geometry

General Characteristics and Full Load Hydrostatics for Ship Overall

Characteristic

Class Trimaran-Swath Hybrid

Stern Type Small Waterplane Twin
Hull

No. Screws 2

SVC SPD, kts | 32

LBP, ft 800

LOA, ft 812.1
LWL, ft 812.1
B, ft 132.0

BWL, ft 116.6




Freeboard, ft
T ft
Volume, ft*
Arr,Lton
Trim, ft
Cwp

Cm

Cp

Cs
LCB/LWL
LCB, ft
LCG, ft
LCEF, ft
LCF/LWL
MT]1, Iton/in
TPL lton
KG, ft

KB, ft
KM, ft
GMr, ft
GM,, ft

BMr, ft

46.0

34.0

720455.4

20598.9

0

0.43

0.37

0.73

0.27

0.62

417.4

417.4

373.9

0.56

2455.9

80.7

30.6

20.1

49.8

19.17

962.0

29.7




BM,, ft

Area WP, ft*

972.5

33859.6

g

Figure 4.

3. Stability

SCALE

Plan View and Profile Vie

The stability of the Tsunami ship is a key factor in the mission success. To

provide an adequate amount of stability to the interceptors during loading and unloading

operations, the ship was design with a target Metacentric height 1.5 times greater than the

typical Naval Auxiliary vessel. Data showed a typical AO or T-AO with a Metacentric

height of 12 feet. The Tsunami side hulls and outriggers are positioned to provide a

19.17 feet Metacentric height at its design waterline.
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Figure 5.  Transverse Stability (GMr) in Fully Loaded Condition
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Figure 6.  Longitudinal Stability (GM) in Fully Loaded Condition

4. Resistance

The unique design of the Tsunami required a systematic way of analyzing the
resistance. The overall ship calculation was broken up into separate center hull and side
hull calculations. The center hull analysis of the Tsunami ship used the standard mono
hull based design analysis and calculated for viscous as well as wave resistance. Center
hull offsets were input into the AUTOSHIP computer system interface; there values for
resistance and horsepower were generated using the Holtrop method. Viscous resistance

for the side hulls was calculated using a less sophisticated MATLAB program.



The overall resistance of the ship at a 20 knot design cruise speed is 183,630.12
Ibf, which equates to approximately 14,893.8 EHP. A comparison of the SHP vs. Froude
Number trends of other naval combatants and auxiliary vessel show the Tsunami resides

in the fast aircraft carrier heavy cruiser realm.
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Figure 7. Comparison of Speed and Power Trends for Various Ship Class

5. Seakeeping

The sea keeping analysis of the Tsunami shows the ability of the ship to continue
its mission in 12 feet seas. Analysis shows design selection for mission bay door height,
slamming, pitch, and roll during interceptor hoisting operations at various sea states. The
final analysis results show an overall operational envelope in sea state 5 and an

operational index of over 70 percent.
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Figure 8.  Operational Envelope in Sea State 5.

The limiting factors that affect the operational index were typically limitations in
the roll of the ship. In conditions where the interceptor must be hoisted in sea state 5, and
waves are hitting the ship on the beam, the ship’s captain must consider changing course
to a new heading in order to reduce roll of the ship. The mission bay door is set at 10
feet, which is the optimal height considering all sea states. Results showed there is not
necessarily a need for stability control surfaces in sea state 5 nor does the slamming of
the ship require a higher arching of the outriggers.

6. Wave Motion Analysis

It was necessary for the design of the center hull to minimize wake waves at 20
knots. In order to mitigate wake wave height and position the maximum wave height
approximately 120 feet astern of the ship, a long sloping flat hull aft of the center hull
midships was designed. Using SWAN2 wave motion analysis, the maximum wave
height of the wake of the center hull is approximately 147 feet astern of the center hull
transom. The maximum wake height at 20 knots is only 3.5 feet, compared to a Series 60
hull value of 4.5 feet. This shows that the design of the ship was effective at creating a

lee suitable for conducting interceptor launch and recovery operations at 20 knots.
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Figure 9. Wave Motion Analysis at 20knots.

B. PROPULSION

1. Propulsion Type

The main propulsion type selected for TSUNAMI is electric drive. The normal
advantages associated with electric drive, such as matching power required to power
generated and flexible arrangements, are accentuated by the unique requirements of the
hull form. The power required to achieve TSUNAMI’s objective maximum speed of 30
knots placed the ship within the realm of diesels and gas turbines, however, neither of
these prime movers are easily adapted to direct drive propulsion with the screws isolated
as they are in TSUNAMTI’s side-hulls.

2. Prime Movers

TSUNAMI requires 68.7 megawatts (MW) of power to achieve 30 knots and 17.4
MW for 20 knots. We expect to require an ordered speed of 24 knots utilizing 31.1 MW
in sea state five to maintain a 20 knot speed of advance. Two Rolls Royce MT30 marine
gas turbines were selected to meet this need as they provide 36 MW each allowing
maximum speeds of 25.1 and 30.2 knots with one and both engines engaged respectively.
MT30 marine gas turbines also have excellent weight to power ratios (172.2 kg/MW
versus 173.4 and 191.1 kg/MW for the LM2500+ and LM6000 respectively) and better



fuel consumption rates over its entire power band than the LM series. Gas turbines were
selected over similarly powered diesel engines due to the engine rooms being located so
high above the waterline that the greater weight of the diesel engines would have been
detrimental to ship stability.

3. Auxiliary Power

Diesel engines were selected over gas turbines for the auxiliary power role
because their much lower fuel consumption rates allowed for better low speed loitering
endurance. Also, the placement of the auxiliary engineering spaces below the forward
end of the mission bay allowed the weight of the diesels to improve ship stability, and
would have made routing the uptakes of gas turbines prohibitively complex. Two Rolls
Royce Bergen model B32:40L8A diesels providing 3.84 MW of power each were
selected.

4, Propeller Selection

The Propeller Optimization Program version 1.5 created by the University of
Michigan was utilized to aid in the design of propellers for TSUNAMI. Wageningen B-
Screw series propellers of four, five and six blades were optimized for a speed of 20
knots in sea state five (24 knots ordered) and compared. Fixed pitch propellers were used
instead of controllable pitch due to the two percent efficiency loss associated with
controllable pitch and the ability of the electric drive motors ability to quickly reverse
rotational direction. The chosen propeller was a five bladed screw 6.09 meters in
diameter with a 6.5 meter pitch and an operating speed of 108 revolutions per minute at
24 knots ordered speed.

5. Power vs. Speed

The following graph shows the prime movers required to be engaged at varying
speeds. The data includes expected losses and efficiencies in calm seas. The maximum

calm water speed of TSUNAMI with all engines engaged is expected to be 30.75 knots.



Generated Power vs. Speed
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Figure 10.  Generated Power vs Speed

6. Maneuvering Thruster
Given the large sail area of TSUNAMI, a bow thruster was added to enhance the

low speed maneuverability performance of the ship. Additionally, our concept of
operations includes being able to get underway on very short notice so we did not want to
be dependant upon tugboat availability. The Wirtsila LIPS model 250 thruster rated at 2
MW was selected as it provides 360° vectoring and is retractable to minimize drag at
high speeds. This can also serve as an emergency propulsion unit capable of driving the
ship at 9 knots.
C. ELECTRICAL

1. Integrated Power System

In keeping with the Navy’s goal of building all electric ships, we have chosen the
Integrated Power System (IPS) to be the power system for the MTR mother ship. There
are many advantages to the IPS. Chief among these advantages is efficiency. All of the

electrical generators for the IPS feed one distribution system. In addition, all of the prime



movers onboard the ship (i.e. gas turbines and diesel generators) are coupled to these
electrical generators. Therefore, the energy produced by the ship can be distributed and
scaled. Any prime mover can produce electrical power for use by any of the ship’s loads,
to include the ship’s largest load- propulsion. Additionally, only the amount of power
needed for current operations is produced. By adjusting how many prime movers are
running at any one time, you can make sure that they are running close to their maximum
capacity, where they are the most efficient.

2. Electrical Generators

For the main power generation for our electrical distribution system, we chose
American Super Conductor 40 MW High Temperature Superconductor (HTS) Generator.
The primary reasons for choosing this generator is the high energy producing capacity
and high energy density of the generator. Conventional generators were not a viable
option due to their relatively low capacity. It would be prohibitive to use conventional
generation due to the multiple generators that would be required to produce the
equivalent of one HTS generator. Additionally, we decided to use HTS motors for
propulsion. Thus, it makes sense to match the generating technology. This will

ultimately lead to reduced manning and more uniform maintenance.

In order to supplement the large generators, we selected smaller diesel-powered
generators. The diesel generators serve two purposes. The main purpose is to provide a
source of power during low electrical load operations, where the larger HTS prime
movers would be inefficient. Additionally, the diesel generators will provide emergency

power in the event of a loss of one or both of the HTS Generators.

The prime mover chosen for the HTS 40 MW Superconducting generator is the
Rolls Royce MT-30. This decision was primarily based upon the recommendation from
American Superconductor representatives who happen to be using this turbine for current
testing of the 40 MW HTS generator.

3. Electrical Motors

After a thorough review of existing technology and promising, relatively-mature
new technology, we decided to use the American Superconductor HTS AC Synchronous

Motors for propulsion. Two of these 36.5 MW motors will provide the necessary shaft



horsepower (SHP) to support the MTR mission. The benefits of the HTS AC motor are
many. These motors will have one-third the weight, one-half the size, higher fuel-
efficiency and lower maintenance than a conventional copper-based motor. The added
requirement of cryogenics to keep the motor cool is negligible. These motors are actively
being pursued by ONR and have achieved several of the key production and testing
milestones. The expected delivery date of an operational HTS AC motor to the Navy
meets our timeline.

4. Electrical Distribution

The electrical distribution system chosen for the MTR mothership is the AC
Zonal distribution system. The major advantages of the AC zonal distribution system are
increased reliability and cost savings. A diagram of our electrical distribution system is

shown in electrical appendix (D).

Since the power is distributed along redundant busses running down the port and
starboard sides of the ship, a loss of either bus will not result in a complete loss of power
to vital equipment. The loads in each zone can draw power from either side for
redundancy. Since the Zumwalt-class (DDG1000) is currently scheduled to use the AC
zonal distribution system, we were able to use their estimated data as a baseline to

estimate weight and cost data for our ship.



MNP
203

HTS 34 MW

4C MW HTS
—~

SwitchBoarc

Load Center — Load Center Load Center — Load Center Load Center — Load Center

SwitchBoarc

Load Center — Load Center Load Center — Load Center Load Center — Load Center

4C MW HTS

MA P
aa3

HTS 34 My

Figure 11.  Overview of the ship’s AC Zonal distribution system.

5. Conclusion

As shown from the discussion above, our goal was to use advanced technology in
the electrical system of the MTR mothership. However, due to the relatively short time
horizon provided, we needed to make sure we weren’t betting on technologies which
have yet to be developed. The DDG1000 program also provides a good benchmark on
what technologies the Navy has already deemed to be ready for production. By
combining DDG1000 design decisions along with some new, but relatively mature new
technologies, we get the best mix of advanced technology with minimal risk.
D. COMBAT SYSTEMS

1. Overview

The design and selection for the MARITIME THREAT RESPONSE ship combat
suite was based off the SAN ANTONIO class amphibious warship. The primary mission
for this ship is to traverse the ocean on a great circle keeping station amongst merchant

shipping. The following are the assumptions required to justify the LPD-17 combat suite.



2. Threats
With a ship of this size and the capacity to carry smaller ships it must be noted
that the shear presence of the ship can be overwhelming to any adversary of the United
States. The following is a list of threats that this ship is capable of handling:
a. Asymmetric Attack
The brute size of this ship inherently makes it vulnerable to asymmetric
attack while in port or in a state of restricted maneuvering. Although the best approach to
counter act this type of warfare is strong intelligence of the operating area, the MTR 1is
outfitted with a series of dual .50 cal mounts on both the port and starboard sides of the
ship. Furthermore, if the situation warrants an interceptor, RHIB, and air assets can be
utilized for safe passage through restricted waters.
b. Merchant Vessel Attack
The purpose of this ship class is to pursue terrorists using merchant vessels
are there method of movement. The MTR ship is not expected to be within close quarters
to any merchant vessel, however, if the renegade vessels have a STYX weapon system
the MTR does have a CIWS mounted system along with NULCA and SRBOC
countermeasures.
3. Weapon Systems and Countermeasures
The following weapon systems are used onboard the MTR ship:

o Six dual .50 cal gun mounts providing 360 degree coverage from smaller
air and sea threats.

o Two CIWS mounts to provide air defense in conjunction with RAM.
o Two RAM launchers

o SLQ-32 to add electronic warfare capabilities for surveillance and to
queue for self defense.

° SRBOC and Nulka for air defense.

o Two MH-60 helicopters, not only to assist in completion of the primary
mission, but as offensive weapon systems to provide increased project
from the mothership. Weapons onboard include:

o M-60 machine guns

° Hellfire missiles



4. Communications and Data Links
The following is a list of communications equipment expected for the MTR ship.
Since interceptors will likely be operating over the horizon satellite communications with

HF back-up are emphasized.

J WSC-3

. AS-3226

o WSC-6 — high speed data transmission
o HF whip

. Bridge to Bridge

. LINK 16

. LINK 11

o Hawklink

5. Radars and Tactical Electronics

The following is a list of radars to be used on the MTR ship

o Furuno navigational radars
o SPS-48 3D air search radar
. TACAN

E. ARRANGEMENTS

The MTR ship has nine decks. The Main Deck, following convention, is the
lower-most continuous deck of the ship which is exposed to the weather. This deck is 36
feet above the design waterline (DWL). There is one deck above the Main Deck, with the
other seven below. The Outer hulls have two decks each, while the center hull has eight.
The First and Second Decks are not continuous, as the Mission Bay cuts through three
decks of the ship. The Third Deck stretches the entire length of the ship, but the center
hull stops at frame 600, so the after portions of this deck are mounted above the outer
hulls and do not cover the entire beam. The Fourth Deck is located two feet below the
DWL, while the Fifth and Sixth Decks are fully submerged. The Seventh Deck is below
the baseline of the center hull, and is the only deck aside from the two within the

superstructure that is not 12 feet tall. These three (Main, 01, and Seventh) are all 10 feet.



A useful way to describe the arrangement scheme is to break down each deck in
sequence. The 01-Level sits atop the Main Deck at a height of 46 feet and is broken into a
forward and aft section. The forward section contains the ship control spaces (bridge and
combat information center, as well as the commanding officer’s cabin), while the after
section houses only aviation staterooms and the helicopter control room. The bridge
space spans the entire beam of the superstructure, with protruding bridge wings to
facilitate maneuvering along a pier or in tight quarters. A person standing on the bridge
has a phenomenal view forward and to the sides, and can see the Flight Deck from the
bridge wings. The CIWS and other combat systems gear are all located as far out of view

as possible for safety of navigation.

The Main Deck superstructure runs from frame 100 aft to frame 614, sloping
downward at the forward end to accommodate the view from the pilothouse. Within the
superstructure are the two helicopter hangars, aviation equipment storerooms, aviation
weapons magazine, the Central Control Station (CCS), a crew training and fitness room,
the Officer’s Mess, and a series of staterooms and other living quarters. Outside, the
Main Deck hosts the Flight Deck, which is an impressive 185 feet long by 110 feet wide.
The Flight Deck size makes the ship extremely capable for a variety of aviation missions
and airframes, though the hangars are specifically designed to fit SH-60 and MV-22
airframes. Two external passageways connect the Flight Deck to the Forecastle, passing
the gas turbine intake/exhaust plenums and the ladder wells to the Main Spaces one deck
below. After passing beneath the bridge wing, the top of the superstructure slopes
downward from the 01-Level to the Main Deck, eventually reaching the deck level near
where the forward CIWS mount rests slightly offset from the starboard bow. This leaves
a wide-open expanse of deck space for line handling, underway replenishment, and
anchoring evolutions. The Forecastle slopes downward from the superstructure as well,

so that the forward end of the Main Deck actually rests on top of the First Deck.

The forward portions of the First, Second, and Third Decks contain mostly living
spaces, giving individual crewmembers about 80 square feet of living space apiece. This
is a lot of comfort room for the individual sailor, and could easily accommodate a surge

crew size for other missions well in excess of the 335-man crew envisioned for the ship.



The after portions of the First, Second, and Third Decks are reserved for main spaces.
The ship’s gas turbine engines and generators are mounted to the Engine Room Middle
Levels (Second Deck), while the static frequency converters for the electric drives and
distribution systems are on the Second and Third Decks astern of the gas turbines. The
Lower Levels of the Engine Rooms are reserved for fuel and lube oil processing. At the

stern on the Third Deck are the Steering Gear rooms.

The Fourth Deck is the damage control deck for the center hull. Containing the
two auxiliary diesel generators just forward and below the Mission Bay, the space also
contains the top level of the auxiliary propulsion unit (APU), which is mounted near the
bow and takes up space in three decks of the ship. This deck contains berthing forward,
engineering and Mission Bay support spaces amidships, and a variety of damage control
equipment, as well as the majority of the fuel oil transfer system. Aft, the only spaces
conforming to the Fourth Deck are ladder wells port and starboard leading to the side
hulls.

Decks Five and Six of the center hull are reserved mostly for fuel, water, and
ballast tanks. The APU also passes through these decks forward, and there are some
auxiliary engineering spaces here as well. Deck Five aft consists only of ladder wells in
the struts. Deck Six aft contains fuel tanks at the forward end of the side hulls, but begins
the port and starboard Main Propulsion spaces starting at the center strut. The Main
Propulsion spaces span both decks of the outer hulls from the center strut aft to the
screws. The spaces each contain high-temperature superconducting (HTS) motors, a short

shaft, and cryogenics, cabling, and support equipment for main propulsion.

The Mission Bay, taking up the majority of Decks One, Two and Three, spans the
beam of the ship (120 feet) and is 390 feet long. This vast expanse of space is designed to
store up to six 120-foot-long Interceptor vessels (three on each side), with a center lane
for transiting the vessels within the Mission Bay. This space is kept as open as possible in
the design to maximize the flexibility of the ship’s unique hull form. Assuming an even
distribution of weight, the Mission Bay could be re-configured to accommodate more
than 600 tons of additional equipment or cargo, giving the MTR ship a robust multi-

mission capability.



F. INTERCEPTOR

The Wallypower 118 was first considered as a possible interceptor in the very
first analysis of alternatives when the initial mothership/interceptor combinations were
being considered. At that point, it was originally paired with the modified containership.
As the team worked towards a design concept, the 118 became a proxy representing the
“high speed displacement™ class. It filled this role capably as the team’s research was
unable to find a more suitable example. Once the high speed displacement type of
interceptor was chosen for the final design concept, the team decided to upgrade the 118
from proxy to full fledged selection due to the time constraints preventing designing a
more optimal high speed displacement interceptor and because the 118 was relatively

close to optimal already.

The high speed displacement hull was chosen because of its endurance, ability to

sprint, berthing capacity and relatively small overall size. The 118’s attributes are shown

below.

Length 118 ft

Beam 26 ft 3 in

Draft 41t1in

Displacement (Diesel Configuration) 75 tons

Sprint Speed (Diesel Configuration) 45 kts, Sea State V

Berthing (modified) 27

Cruise (20kts) Endurance (Diesel Config.) | 3900 nm

Propulsion (Diesel Configuration) 2 3,650-hp MTU 16V 4000s w/KaMeWa
waterjets

Figure 12. Wallypower Attributes
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l. INTRODUCTION

The 2006 Total Ships Systems Engineering (TSSE) Team operated as part of an
integrated project with the Systems Engineering Analysis (SEA) Cohort Number 9 (SEA-
9). Initial overall tasking was generated by faculty members of the Meyers Institute of
Systems Engineering at the Naval Postgraduate School in Monterey, CA and concerned
maritime threat response (MTR) in the 5-year timeframe. As part of the initial problem
statement, SEA-9 was tasked to define and select a cost-effective System-of-Systems
(SoS) architecture and a Concept of Operations (CONOPS) that would enable timely and
effective responses to national security threats emanating from the maritime domain. At a
minimum, a weapon of mass destruction (WMD) device smuggled onboard the vessel
and then that vessel employed as a weapon itself would be considered. Intelligence
regarding a threat to the United States would be assumed available for use by the System
of Systems. The SoS would consist of systems currently in service, in development, or
could be developed within the next five years. The TSSE Team would be tasked to
perform an investigation of concepts of ship employment while conducting maritime
threat response (MTR) and to use its newly-acquired knowledge to design either a single
ship or a family of ships that could be incorporated into SEA-9’s overall SoS
architecture.

A MARITIME THREAT RESPONSE OVERVIEW

Once the initial problem statement was defined, SEA-9 began a comprehensive
research effort involving conversations and meetings with the stakeholders and subject-
matter experts in order to shape and refine the problem and focus team efforts.
Appropriate design reference missions that the System of Systems (SoS) must
accomplish were defined. Understanding the scope of the problem with the limited time
available for the project, it was decided to focus on a set of representative missions
instead of attempting to find a solution for all possible threat scenarios. Although
interests among the stakeholders were varied, there were some commonalities which
allowed SEA-9 to analyze the most likely representative scenarios. These items are

detailed in the following paragraphs.



1. Threat Ship Armed with Explosives

The greatest concern among the stakeholders remained the weapon of mass
destruction (WMD) scenario. The potential widespread damage that could be inflicted
from a nuclear device smuggled within a domestic port onboard a cargo ship carrying
thousands of containers leaves no wonder as to why this was of principle concern for
analysis. Furthermore, some stakeholders had addressed the concern of a WMD device
being smuggled into the country via one of the thousands of smaller, ocean-going
pleasure craft that enter domestic ports every day. Although this specific type of attack
had been noted as a possibility, it was decided that this type of threat presented more of
an issue in traffic awareness and the ability of obtaining the necessary intelligence to
counter the threat instead of attempting to neutralize it once actionable intelligence was
obtained. A cargo ship with the ability to carry thousands of containers at one time
presented the greater challenge, resulting in SEA-9’s decision to focus on that particular
scenario for solution.

2. Threat Ship Utilized as Weapon

Another principle concern among stakeholders was that of utilizing a ship as a
weapon (SAW). Several stakeholders expressed concern over the “trial run” hijacking of
a merchant ship off of Sumatra in March 2003. In that particular case, pirates or hijackers
took control of the ship, practiced driving it around for a period of time, then abandoned
the ship without seizing any cargo. The parallels between this incident and the student
pilots involved in the 9/11 attacks are obvious and a cause for concern. The SAW
scenario would most likely be played out in one of two primary methods. In the first case,
the ship would maintain course and speed until the last possible moment to carry out its
attack. In the second case, the ship could be hijacked at sea, where subsequently the
hijackers would alter the ship’s course and speed to pursue a different destination for
attack (Rogue Ship). Determining that the first case was more difficult to detect and
counter, SEA-9 decided that the first scenario would be analyzed for solution.

3. Small Boat Attack

The last major concern for stakeholders was that of a small boat attack (SBA).

Due to the amount of small boat traffic in and around domestic major ports intermixed



with large commercial traffic, SEA-9 decided that this would also be a threat scenario to
plan for as well.
B. PROBLEM STATEMENT
Stakeholder interviews and feedback resulted in a more specified problem
statement that included the three most likely attack scenarios:
Develop a conceptual, near-term, joint and inter-agency system of systems
(SoS) in the 5-year timeframe to respond to terrorist threats to the United
States that emanate from the Maritime Domain by (1) generating SoS
architecture alternatives using existing systems, programs of record, and
commercial off the shelf (COTS) technologies and developing concepts of
operations and (2) recommending a cost-effective SoS that must minimize
impact on commerce. The SoS would be deployed in three missions:
prevention of a nuclear WMD attack, prevention or defeat of an attack

using a merchant ship (SAW), and defeat of a suicide small boat attack
(SBA) on a high value target (such as an oil tanker or passenger ferry).”

SEA-9’s investigation of legacy systems and existing programs of record were utilized as
means of determining the future capabilities of United States forces. Based on their
analysis, SEA-9 generated a set of top-level requirements which would become the basis
for the 2006 TSSE design project. SEA-9 requirements documents are included in their
entirety as Appendix I.
C. TSSE TASKING

Although SEA-9 would focus its efforts on the 3 major scenarios (WMD, SAW,
SBA), the 2006 TSSE Team would be tasked to design a ship based on the WMD and
SAW scenarios only. Via the top-level requirements promulgated by SEA-9, the TSSE
Team would investigate several architectures for appropriate response to an MTR
scenario. Eventually, the TSSE would design a ship (or system of ships) which would
possess the ability to deploy on short notice (within 24 hours) once intelligence was
received that a vessel was inbound to the United States which fit an MTR threat profile.
Once deployed, this system would intercept up to 20 inbound vessels of interest (VOI),
where each vessel would be boarded and inspected prior to arrival at a point no closer
than 100 nautical miles from the United States coastline. A representative scenario for

analysis would include the recent departure of 20 vessels within a 24-hour period from



two ports, Hong Kong and Singapore, and inbound to San Francisco via one of the three

major shipping lanes from the Far East.

San Francisco was chosen due to numerous features that make it an attractive
target for attack. The city has a population of 3.2 million people with an average of 11
million tourists and visitors each year. It is the fourth-largest port in the nation, where it
receives an average of 10 overseas merchant vessels daily, primarily oil tanker and
container ships. The Golden Gate Bridge, also located in San Francisco, is one of the
nation’s premiere landmarks and one of the most famous bridges in the world. The
dramatic economic impact of a Golden Gate Bridge attack would be felt far beyond the

immediate reaches of the San Francisco Bay area.

Analysis for 20 inbound vessels headed for San Francisco combines the worst-
case inbound scenario with a dynamic metropolitan area containing national landmarks.
Designing a system to counter the worst-case threat scenario would enable that same

system to be utilized in less dynamic ones with a high confidence of success.

Some assumptions would be made for analysis by the TSSE Team:

o 100% accurate intelligence on suspected VOI’s

o Intelligence is no more than one day time-late

o Department of Energy (DOE) boarding teams require 24 hours or less
surge notice prior to deployment

o DOE boarding teams inspection teams consist of 24 members and are
highly-trained, but not special warfare capable

o Boarding teams require 20001b of man-portable equipment

o Teams are self-sufficient to maintain continuous communications with

continental US team base.

o No administrative and logistic time lost due to last-minute notice to move

o Zero resistance by crews or insurgents onboard suspected VOI’s

o Minimal impact on commerce traffic - No more than 20 ships depart Hong
Kong/Singapore bound for San Francisco

o Most VOI’s will travel the north route

. Global Maritime Intelligence system provides near-real-time locations for

VOI



o Maximum 7 day Search per VOI

Details of the MTR scenarios are covered in Chapter II.



II.  CONCEPT OF OPERATIONS

Armed with the SEA-9 Mission Needs Statement (MNS) and assumptions listed
in the previous section, the TSSE Team needed to develop potential Concept of
Operations (CONOPS) before proceeding with system identification. Although the MNS
stated what the system was required to do, there was no supporting documentation as to
how it could be accomplished. In fact, no known CONOPS existed to address this
specific need. To develop such a CONOPS, the team reviewed existing procedures in
Maritime Interdiction Operations in the Arabian Gulf as well as Counter Drug Operations
in the Gulf of Mexico and then expanded these concepts to the immense Pacific Ocean

Theater.

Initial investigation focused on where the VOI’s may originate. Because of the
many potential stops a ship may make prior to exiting the South China Sea (Figure 1), it
was determined that intercepts should not occur prior to VOI’s entering the Philippine
Sea. Considering that the entire voyage could range up to 9,000 nautical miles, there
would also be ample time to conduct the intercept without having to navigate through
constrained areas. Assuming that the orders to execute would be one day time late in
addition to one extra day of preparation, there was little chance that an intercept in this
area could be accomplished in the minimum time. Thus, the CONOPS was limited to
open ocean intercepts. An advantage to moving the starting point into the open ocean was
that the CONOPS would now become applicable to any port of departure, not just
Singapore and Hong Kong. An open-ocean CONOPS would also allow an even greater

spread of departure times.
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Figure 13.  Southwest Asian Routes

With the ocean area constrained in the west, the TSSE Team looked at
constraining the area in the eastern Pacific. Since the system needed to be robust enough
to avoid any delay to commerce, a natural limit to where an intercept could begin
developed. Considering a maximum search time of seven days and a speed of advance of
20 knots, a VOI must be intercepted prior to closing within 3,600 nm of San Francisco.
An intercept occurring inside this line may not be completed prior to arrival and would

thus delay commerce (Figure 2).
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Figure 14.  Great Circle Routes and Eastern Constraint

This intercept line not only further constrained the intercept area, but also made
the CONOPS applicable to any Western US seaport. Figure 2 also depicts three potential
MTR bases in Hawaii, Japan, and Guam. The key aspect of this forward deployment
would be to get in front of the lead VOI as soon as possible to avoid any tail chases. The
normal use of the northern route means that the majority of the systems should be based
in Japan with Hawaii acting as a back-catch for any VOI’s traveling along the rarely used
central and southern routes.

The overall operations area thus defined, the TTSE Team recognized that this area
was still too large to develop a specific CONOPS. As a result, a smaller traveling frame

of reference linked to the VOI’s was developed (Figure 3).



Figure 15. Traveling Operational Area

Considering the nominal 20 knot speed of advance, it could be expected that 10
VOI’s would have a separation of approximately 500 nautical miles along the great circle
route. Variation between ports of departure, navigational choices, en-route stops and
other potential differences between VOI routes could result in widening this box around
the great circle route up to 200 nautical miles. Thus, a box traveling at 20 knots was
constructed for each major port of departure for a total of two boxes for 20 ships. Based
on the experience from current Maritime Interdiction Operations, the assignment of two
systems per box was made with the understanding that this setup would vary depending
on the system selection. Consideration was made to keep the operational areas as general
as possible to ensure that all potential systems could be equally considered. One possible
sequence of events utilizing four systems is described below:

. Day 1: Twenty merchant vessels sail out of Singapore and Hong Kong
bound for San Francisco.

. Day 2: US Intel assets learn that a WMD or other terrorist smuggling
operation has commenced on a merchant vessel inbound to San Francisco.
The ships departing Hong Kong have reached the great circle route at
Luzon. The ships leaving Singapore are two days behind.

. Joint Task Force MTR is activated and placed under TACON or
USCG District Eleven (OPCON to USNORTHCOM).

. MTR 1 & MTR 2 given 24 hour surge notice.
. MTR 3 & MTR 4 given 48 hour surge notice.



o 10 MTR teams (INCONUS) are given 24-hour surge notice & 10
MTR teams (INCONUS) are given 48-hour surge notice for
deployment to Yokosuka, Japan.

Day 3: The ships from Hong Kong are now 1,000 nautical miles from
Yokosuka. If allowed, a Broadcast Notice to Mariners has been issued
requiring all ships inbound to San Francisco to pass within 5 nautical
miles of a designated rendezvous point along the great circle route near the
closest point of approach to Japan to minimize size of traveling
operational area. If not allowed, this operational area may expand to the
nominal 200 nautical miles. MTR teams 1-10 begin to arrive in Japan and
are berthed aboard MTR 1 and MTR 2.

Day 4: MTR 1 and MTR 2 depart Yokosuka, Japan. Each MTR system
consists of the following:

o 1) One MTR mother-ship or tanker
o 2) Organic MH-60 helicopters

J 3) Shore based MV-22 support for ferrying boarding teams from
shore to MTR system

o 4) 6 MTR Interceptor vessels or Destroyers/Frigates/LCS’s
o 5) 5 MTR boarding teams

o 6) 1 SEAL Platoon or equivalent SOF unit

J 7) 6 Complete boarding kits

o MTR teams 11-20 arrive in Japan and are berthed aboard MTR 3
and MTR 4.

Day 5: MTR 1 arrives at the rendezvous point and begins deploying
interceptors. As the first five ships are sighted on radar, they are contacted
via bridge-to-bridge radio and informed that they will be boarded by US
law  enforcement and customs personnel. Interceptors  or
Destroyers/Frigates/LCS’s are dispatched to conduct boarding’s on the
first 5 ships with an MH-60 airborne to cover the initial safety inspections.
Once the initial safety inspection is complete, then the Interceptor or
aircraft will deliver boarding kits for inspection. The first two or three
merchants are allowed to pass the mothership/tanker, which will then
follow roughly in the middle of the first 5 merchants along the course to
San Francisco. MTR 2 repeats the process with merchants 6-10.MTR 3
and MTR 4 depart Japan for the rendezvous point.

Day 6: MTR 3 and MTR 4 arrive at the rendezvous point one day ahead of
the Singapore merchant ships.

Day 7: MTR 3 and MTR 4 repeat the same process as MTR 1 and MTR 2
for conducting initial boarding and equipment transfer.



Note that this scenario addresses the worst case situation in which the ships are
spread as far as possible and the inspections would require the full seven days. It is
expected that in almost all cases, two MTR systems could handle the entire load by
falling back through the line of VOI’s as inspections are completed.

Further development of the CONOPS was frozen at this point, as there was enough
guidance to begin investigating which systems would best meet the scenarios described
above. An even more detailed CONOPS regarding how the teams would be supported
would be developed in parallel with the investigation of different types of systems and
units within those systems. The discussion of this portion of the analysis is detailed in

Chapter V.



1. SYSTEMS ENGINEERING DESIGN PROCESS

A. TECHNICAL MANAGEMENT

1. Planning

Before any work could be accomplished, it was necessary for the TSSE Team to
generate a process implementation strategy that would maximize productivity for the next
12 months that lied ahead. With stakeholders already identified and top-level
requirements to meet, the TSSE Team needed to come up with an overall plan to
accomplish SEA-9 tasking. Once the TSSE Team organizational structure was

established, a work breakdown structure was created to assign specific tasks to personnel.

A calendar-based schedule identifying critical-path milestones was created, which
would become the primary tool for monitoring overall progress of the TSSE project. This
timeline is included as an appendix . All source documents, including applicable
software, would be identified throughout the entire process at appropriate stages during
execution of the project. Personnel were made aware of and gained access to the
information databases in order to conduct independent research. Reporting requirements
and progress assessment metrics were established for different phases of the project to
ensure timely completion and compliance with top-level requirements. Risk management
would be assessed where the TSSE Team deemed necessary throughout the project. As
part of the overall technical effort, measures of effectiveness (MOE), and more
specifically, key performance parameters (KPP), would be utilized in order to obtain
break-out systems. Decision and risk matrices would be also be necessary in the
comparison of competing systems and in making critical analysis and design decisions

during the project. Re-emphasis was placed on preserving requirements traceability.

Immediately recognizing the iterative process of analysis and design, the TSSE
Team adopted the Spiral Systems Engineering Process. This model was then tailored to

fit the TSSE MTR project.
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Figure 16.  Spiral Model of the Defense System Life Cycle

One source document, in particular, the TSSE Team utilized as a guide was Naval
Systems Engineering Guide, Naval Sea Systems Command, October 2004. Key concepts
from this source document were used extensively throughout execution of this project.

An outline of these concepts for MTR analysis and design are included as an appendix.



2. Needs Analysis

The TSSE Team generated a mission needs statement to provide guidance
towards a common goal:

Develop a Maritime Threat Response system capable of providing long-

range detection, classification, and neutralization of asymmetrical threats

to the United States which may be contained aboard merchant vessels

bound for the United States (San Francisco, CA) via the three main
shipping lanes out of the Far East.”

A needs hierarchy was promulgated, which prioritized the different subcategories
(detection, classification, neutralization) necessary to meet the primary need of

preventing the threat.

Prevent Threat

Detection Classification Neutralization

Initial Threat Level Type

Passive Active/Non- Active/ Hostile Other
hostile

Figure 17.  MTR Needs Hierarchy

3. Requirements Analysis

Once primary needs were established for the project, it was possible for the TSSE
Team to generate a set of requirements based upon the primary needs that would become
the basis for an eventual ship design. Driven by the CONOPS, the requirements would
fall under one of the following categories:

. Functional (System/Mission Level)



o Operational (Subsystem/Functional Level)

o Support

The TSSE Team studied MTR techniques and shared past Visit, Boarding,
Search, and Seizure (VBSS) experiences. The TSSE Team, consisting of OOD-qualified
Surface Warfare Officers, found it necessary and worthwhile by obtaining input from
NPS faculty, aviation and civilian law-enforcement personnel who were specifically
identified as having boarding experience as well. Based on these inputs, the TSSE Team
generated an initial requirements matrix that would become the basis for measures of
effectiveness/performance comparisons of competing systems and architectures. The goal
would be to appropriately weight each attribute and objectively compare the total scores
to obtain a break-out system that would result in the final solution for future design.
Traceability codes tied each attribute within this requirements matrix to a particular need
that originated from SEA-9. This traceability tied each attribute to some higher-level
need in order to achieve the common goals of the MTR mission. See Figure 9 for

description of traceability codes.

Traceability Detection Classification Neutralization
Requirement Active/No  Active/
Initial Threat Type Level Passive n-Hostile  Hostile

2.3 Range X X X X X X X
2.3 Main Machinery

2351 UNREP E
2.3 Time-to-Target X X X X X E
23 Main Machinery 3
23 Navigation/Search Sensors g
2.3 On Station Time X X X X X "]
23 Main Machinery E
23 Auxiliaries
5.1 Reduced Manning X X X

4142 Assesment/Offensive Capability X X X X X "
2.3 Small Boat/Int. Launch/Rec. 5
23 Helicopter/Hangar Deck b=
4.2 Combat Systems Suite 3
4.2 Self Defense X on'
41 Communications/Link X X X X X X X g
4.1 Communications Suite B

234142 Tactical Information Suite é

4.2 Brig/Prisoner Rescuee Spaces X X X
52 Lifecycle Costs X X X X X X X

2.351 Crew Comfort X x X Other
2.3 Multiple/Simult. Search X X X X X

Figure 18.

Initial MTR Requirements/Needs Correlation Matrix




4. Analysis of Alternatives (Single-Ship, Multi-Ship/Multi-Port,
Mothership/Interceptor)

Once the initial requirements analysis was completed, the TSSE Team broke up

into three separate groups for consideration of the 3 alternative architectures. The first
consideration was a single-ship option, where a single ship from a single port would
deploy and intercept a vessel of interest (VOI) for boarding and inspection. The second
consideration was a multi-ship/multi-port concept, where more than one ship from more
than one port would deploy and intercept VOI’s for boarding and inspection. The third
consideration was a Mothership/Interceptor concept, where a mother ship would deploy,
transit at best speed and deploy multiple interceptors at appropriate locations to intercept
VOI’s for boarding and inspection. Three subcategories were analyzed within each
concept: today, near-term (conversion), and long-term (future build).
As a result of the initial analysis, the multi-ship, multi-port system architecture consisting
of motherships carrying a multiple of interceptors broke out as the best solution;
however, it was recognized that this particular architecture would best work if deployed
from multiple ports instead of just one. This change was incorporated into the initial
CONOPS. With a new SEA-9 approved CONOPS in hand, it was then necessary to
review and modify the requirements that would support the new, revised CONOPS.
Findings of the preliminary decisions were presented to SEA-9 and NPS faculty for
review in March 2006. Details of this analysis are included in Chapter V.



MTR Team Lead

John Lund
Mothership/ Multi-Ship Single-Ship Group
Interceptor Group Lead Lead
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Tim Zane Brian Boudreau
Aaron DeMeyer
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(Conversion) (Future Build) Multi-Port

Figure 19.  Analysis of Alternatives Work Breakdown Structure

5. Analysis of Alternatives (Mothership/Interceptor)

Once a concept model was established, the TSSE Team broke up into individual
groups to investigate the front-running categories of motherships and interceptors.
Although the motherships and interceptors possessed mostly all of the same attributes,
they had different levels of significance based on the #ype of platform analyzed in order
to effectively support the mission CONOPS. Through the use of questionnaires
disseminated among NPS faculty and students, the stakeholders, the TSSE Team was
able to further refine the requirements to identify the most significant attributes (key
performance parameters). Utilizing an Analytic Hierarchy Process (AHP) method of
weighting these specific attributes, the TSSE Team was able to identify a break-out
system consisting of one type of mothership and one type of interceptor. This
combination, or a derivative thereof, would emerge as the system solution within the
multi-ship/multi-port architecture. It would be this solution that the TSSE Team would

take to the next phase for design. Findings of the preliminary decisions were presented to



SEA-9 and NPS faculty for review in June 2006. Details of this analysis are included in

Chapter VI.
B. SYSTEM DESIGN
1. Requirements Definition

Requirements from the analysis phase became the critical design parameters for
the ship. Specifically, the key performance parameters (KPP) from the final mothership
measure of performance (MOP) matrix would be utilized as the overall primary
indicators of end product performance.

2. Solution Definition

The TSSE Team now reorganized its structure to meet the challenge of ship
design. Specific tasking was broken down as shown in Figure 7. An integration team,
consisting of three major sub-groups (Hull/Mechanical, Electrical, and Combat Systems),
was created to generate the overall ship design.

a. Hull/Mechanical

This sub-group was responsible for all calculations which would provide
the final structure and hull form/geometry, including individual component arrangement
for seakeeping and stability considerations. Resistance and propulsion calculations were
necessary to determine engine, shafting, and propeller selections. Designing a system
capable of launching/retrieving a 100-ton vessel in potentially high sea states presented
itself as a major engineering challenge. Resources from other groups were pulled to solve
this problem as required.

b. Electrical

This sub-group was responsible for providing electrical generation and
distribution, including the types of generators used. In addition, damage control and
survival considerations were included in design calculations.

C. Combat Systems

This sub-group was responsible for threat analysis and management.
Trade-off studies were conducted to provide optimal radar cross-section reduction,

combat system(s) selection, and weapons placement.
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C. ASSESSMENT AND CONTROL

Overall project progress was monitored via weekly meetings by comparing
current progress against the calendar-based schedule, which included critical-path
milestones. These weekly meetings provided a forum for the group to give progress
reports, discuss rationale for certain assumptions and decisions made, gain new
perspectives from others, and most importantly, a chance for every member to provide
direct input into the overall project. Major decisions where a solution wasn’t easily
apparent were made by consensus. Issues affecting the critical path were discussed, and
the schedule was modified as necessary. Minutes were recorded after each session and

catalogued for future reference.




Recognizing that small changes can cause significant effects in other areas during
the design process, a version control document was generated to keep other groups
informed when changes were made by a single design sub-group. Documenting changes
and allowing other design sub-groups to observe the effects within their own design area
allowed for a controlled, iterative process that minimized lost time.

Manpower was shifted to maximize resources where needed. Examples of this were
movement of personnel from the electrical sub-group to the mechanical sub-group, and

creation of a new sub-group specifically for design of the launch and retrieval system.



IV. REQUIREMENTS

A. INITIAL REQUIREMENTS

SEA-9 mandated that the TSSE Team design a ship (or system of ships) that
would have the ability to detect, track, and if necessary, neutralize a potential MTR threat
inbound from the Far East. This ship would possess the capability to deploy within 24
hours within receipt of actionable intelligence and after necessary boarding teams had
arrived at ports of departure. Once deployed, this ship would be able to intercept, board,
and search up to 20 VOI’s on one of 3 major shipping lanes inbound from two ports
(Hong Kong, Singapore). In addition to minimizing disruptions to merchant traffic, a
boarding must be completed prior to arrival at a point no closer than 100 nautical miles

from the coast of San Francisco.

1.0 C4ISR

a2
2
Gomr

2.0 Prepare the
Battlespace

3.0 Find / Fix Threat

3+ Detost
32

4.0 Finish Threat

5.0 Sustain

Figure 20. SEA-9 MTR Top-Level Functional Requirements

The TSSE Team’s tasking was derived from sub-functions embedded within
SEA-9’s functional requirements and became TSSE’s guidelines for analysis and

contribution to the overall MTR project.



2.3 DEPLOY FORCES
2.3.1 Embark
2.3.2 Move into positions
2.3.3 Move teams
2.3.4 Recover teams

4.1 NONDESTRUCTIVE MEASURES
4.1.1 Tell COI to maneuver
4.1.2 Force COI to maneuver
4.1.3 Onboard measures
4.1.4 Off-board measures

4.2 DESTRUCTIVE MEASURES
4.2.1 Disable
4.2.2 Sink
4.2.3 Recapture

5.1 SUPPORT UNITS
5.1.1 Deliver Consumables to Units
5.1.2 Refuel Platforms
5.1.3  Provide Manning for Sustained Operations
5.1.4 Provide Barracks

52  MAINTAIN UNITS
5.2.1 Identify Maintenance Deficiencies
5.2.2  Provide Non-Depot Level Maintenance
5.2.3 Time to Provide Deport-Level Maintenance
1. TSSE MTR Top-Level Functional Requirements
The TSSE Team started out by deriving more specific functional and operational
requirements based on the top-level requirements listed above. These initial requirements
became the basis for analysis and would be refined throughout the iterative process of
analysis and design.
B. REQUIREMENTS DEVELOPMENT
1. Detailed Requirement Development
a. Ship Capabilities and Characteristics
The TSSE Team established an initial set of requirements based on the
projected operating environment of an MTR scenario. The ship would require machinery
and auxiliary systems to support extended high-speed ocean transits to intercept and

board VOI’s at sustained speeds of at least 20 knots with minimal impact on commerce



traffic. Furthermore, the ship would be required to safely deploy and recover a multiple
of smaller vessels and aircraft, possibly at severe sea states and in inclement weather.
Also, the ship would need to be capable of underway replenishment (UNREP) for
sustained operations as necessary.
b. Combat System Capabilities
A key concept was that the ship must be a warship capable of participating
in offensive combat operations, such as disabling or sinking a large container ship, by
weapons from own ship or embarked asset. Combat system capabilities would be
somewhat limited, however, and the ship would most likely depend on other friendly
forces for protection from long-range threats.
2. Measures of Effectiveness/Measures of Performance
An initial matrix was generated with SEA-9 providing attribute weight factors.
Three competing system  architectures (Single-Ship, = Multi-Ship/Multi-Port,

Mothership/Interceptor) were compared to obtain the best overall system architecture.



Attribute

Traceability Requirement System 1 [ System 2 | System 3 Weight Threshold Requirements
2.3.2 Combined System Range 4 7000 nm
23.2 Main Machinery Endurance 4 200hrs @40kis
2.3.2/51.2 UNREP 3 Dual Station
2.3.3/.4 Seakeeping 3 20kts @ 5
2.3.2/14.21 Maneuverability 3 40kts Sustained
232 Navigation/Search Sensors 2 Meets USCG & detects large merchants at 30nm
2.3.1/2.3.4 On Station Time 4 7 Days of assault/search team support
23.2 Main Machinery 3 5% Fuel Usage Per Day @20kis
2:3.2 Auxiliaries 2.5 Operate in 85°F Water

2.3.2 Maintainabiliti 2 No Hull Cutting to get at Major Components
3

2.3.3/.4 Small Boat/Int. Launch/Rec. Carry 2, Operate 2, Launch 1 (11m RHIB)
2.3.3/4 Helicopter/Hangar Deck Launch 2 MH-60s at once
2.3.1 Cargo Capacity 1.5 Staging area for assault and search teams w/ gear storage
42112 Combat Systems Suite 3 Can target bridge or engineering/Sink 100k ton merchant in 2hrs
423 Self Defense 2.5 Resistant to small arms fire/ Crew served weapons for team support
2.3.2 Stealth 1 Undetectable by commercial nav radar beyond 10nm
4.1.3 Communications Suite 2 Compatable with Navy and real time team comms
2.3.2 Tactical Information Suite 2 Compatable with Global Maritime Picture
2

423 Briﬁﬂ'-"risoner Rescuee Spaces 15 persons w/ 25 surge

Total

Figure 21.

52 Lifecycle Costs 1.5 Comparable to FFG
51.3 Reduced Manning 1.5 & man watch team w/ 3 sections
2.3.3/5.1.4 Crew Comfort 2 Sit-up racks w/ lounge space in berthing
233 Multiple/Simult. Search 25 3 simultaneous

Initial Measures of Effectiveness/Measure of Performance

The multi-ship, multi-port system architecture consisting of motherships carrying

a multiple of interceptors deploying from several ports emerged as the best solution.

3. Final Requirements Development

A more refined matrix was then generated, where potential mothership candidates

were compared to obtain the best overall hull form for transporting, deploying, and

retrieving a multiple of interceptors and air assets.




MOTHER

Traceability Requirement Attribute Weight Threshold Requirement Objective
2.3.2 Main Machinery Endurance 5 14 davs @ 20 K3 28 days @ 20 kis
2.3.2 Range 4.8 7000 nm 10000nm
2.3.3.2 Interceptor Launch/Recovery 4.6 2/hr Bfhr
2.3.1 Interceptor Capacity 4.4 4 7
231 Helo Capacity (MV-22 size) 4.2 2 4
23.1 Cargo Capacity 4 staging area for assault/search teams, gear storage
2.3.2 Ability to Depart on Short Notice 3 48 hrs 24 hrs
2.3.2 Navigation/Search Sensors 1 detects large merchants at 30 nm fully digital bridge
2.3.2 Main Machinery 3 5% fuel usage per day @ 20 kts
5.2.3 Maintainability 1 no hull cutting to get at major components
4.1.5 Maneuverability 2 ability to shoulder threat
2.3.2 Seakeeping 3 20 kts @ seastate 5 25 kis @ seastate 5
2.3.2,5.1.2 UNREP 1 dual station
2.3.2 Damage Control Capability 1 MSC standards USN standards/commercial automation upgrades
232 Damage Stability/Survivablity 1 MSC standards LISN standards
2.3.2 Fuel Storage (Refueling) 3 14d 28d
2.3.2 Compensation System 3 SW (passive) active
2.3.1,5.1.4 Berthing Capacity 2 ship's force + surge capability 2-man staterooms
231,514 Crew Comfort 1 sit-up racks w/ lounge space in berthing
2332 Helo Launch/Recovery(Simult) 2 ! 2
2.3.3.2 Interceptor Refueling(Simult) 3 1@ 20 ks 2@20ks
23,4.1,42 Tactical Information Suite 2 B (mphibY GOCS-M/LINK/OTCIXS
2.3,4.14.2 Combat Systems Suite 3 offense (sink/disable—from offboard) affense (sink/disable—from onboard)
234142 Comms Suite (External) 1 B2B, C&R net, SATHICOM, UHF, HF threshold + CV-style internet connectivity/bandwidth
234.14.2 Comms Suite (Internal) 1 sound-powered phone sys IVCS/SWICS

Figure 22.

interceptor hull form that would be compatible with the mothership.

Mothership Requirements with AHP Weight Factors

In addition, a more refined matrix was generated to obtain the best overall




INTERCEPTOR

Traceability Requirement Attribute Weight Threshold Requirement Objective
2373334 Endurance/Range 5 1200 nm 1500 nm
23,33, 34 Displacement 4.75 100 LT 80LT

2.3,33,34,5.14 |Berthing 4.5 15 30
2.3,33, 34 Max Speed 4.25 40 kts 50 kis
23,33, 34 Range (Max Speed) 4 600 nm 750 nm
2.3,3.3,34  |Max Sustained Speed 2 20 kts 25 kis
23,3334 LOA 1 120 ft 100 ft
23,33,34  |Beam 2 30 ft 20 ft
2.3,33,34 Depth (mast keel) |

4.1.6 Tow Cable 1 <1lhr < 30 min setup
4.1.6 Tow Style 1 man auto

2.3.3,234,5.1.2  |y)w Refueling 2 man auto (reduced personnel)
2.3.3,2.3.4 On Station Time 3 24 hrs 48 hrs

2.3.3, 2.3.4,5.1.1 |Provisions/Sustainability 3 2d 8d
2.3.3,2.34 Seakeeping 3 40 kts @ seastate 5 50 kts @ seastate 5
2.3.3,2.34 Launch/Recovery 1 10 kts @ seastate 5 20 kts @ seastate 5
233,234 Team Boarding 2 10 kts @ seastate 5 20 kts @ seastate 5
2.3,4.1,4.2 Tactical Information Suite 1 minimal (MOM-directed) Link,GCCS-M
23,41,4.2 Combat Systems Suite 2 self-defense offense(ability-disable/sink)
2.3,4.1,4.2 Communications Suite 1 B2B, KID-->MOM, satellite threshold + C&R net

Figure 23.  Interceptor Requirements with AHP Weight Factors

Critical design parameters for the mothership are summarized in the following figure.

The first 6 attributes are designated key performance parameters (KPP), and are listed in

order of significance.




MOTHER

Traceability Requirement Threshold Requirement Objective
232 Main Machinery Endurance 14 days @ 20 kis 28 days @ 20 kis
2.3.2 Range 7000 nm 10000nm
2.3.3.2 Interceptor Launch/Recovery 2/hr 6/hr
2.3.1 Interceptor Capacity 4 7
2.3.1 Helo Capacity (MV-22 size) 2 4
231 Ca[go Caggcitv staging area for assault/search teams, gear storage
2.3.2 Ability to Depart on Short Notice 48 hrs 24 hrs
2.3.2 Navigation/Search Sensors detects large merchants at 30 nm fully digital bridge
232 Main Machinery 5% fuel usage per day @ 20 kts
5.2.3 Maintainability no hull cutting to get at major components
4.1.5 Maneuverability ability to shoulder threat
232 Seakeeping 20 kts @ seastate 5 25 kts @ seastate 5
2.3.2,5.1.2 UNREP dual station
2:3.2 Damage Control Capability MSC standards USN standards/commercial automation upgrades
2.3.2 Damage Stability/Survivablity MSC standards USN standards
2.3.2 Fuel Storage (Refueling) 14d 28d
232 Compensation System SW (passive) active
2.3.1,5.1.4 Berthing Capacity ship's force + surge capability 2-man statercoms
23.15.14 Crew Comfort sit-up racks w/ lounge space in berthing
2.3.3.2 Helo Launch/Recovery(Simuilt) 1 2
2.3.3.2 Interceptor Refueling(Simult) 1@ 20 kts 2@ 20 kts
2.3,41,4.2 Tactical Information Suite Basic (amphib) GCCS-M/LINK/OTCIXS
234142 Combat Systems Suite offense (sink/disable--from offboard) offense (sink/disable--from onboard)
2.34.14.2 Comms Suite (External) B2B, C&R net, SATHICOM, UHF, HF threshold + Cv-style internet connectivity/bandwidth
23,4142 Comms Suite (Internal) sound-powered phone sys IVCS/SWICS

Figure 24.

Mothership Critical Design Factors

These critical design parameters emerged as the blueprint for TSSE ship design.

The goal would be to design a ship to at least the minimum threshold requirements. By

coupling this design with the optimal design interceptor, the result would be a system

architecture that would support the dynamic mission requirements and give the best

chances of success in an MTR mission.




V. ANALYSIS OF ALTERNATIVES (SINGLE-SHIP, MULTI-
SHIP/MULTI-PORT, MOTHERSHIP/INTERCEPTOR)

Initial steps to round down solutions required that the TSSE Team break up into
three separate groups to consider different system architectures that would satisfy the
MTR CONOPS. Three subcategories were then analyzed within each system’s
architecture: today, conversion (near-term), and future-build (long-term).

A SINGLE-SHIP CONCEPT

The first consideration was the single-ship option, where a single ship from a
single port would deploy and intercept a vessel of interest (VOI) for boarding and
inspection.

1. Aircraft Analysis

In support of single-ship boarding operations, it was necessary that embarked
aircraft have adequate range and load-carrying capabilities, specifically up to 24 troops
and 2,000 pounds of support gear. Aircraft under consideration for the single-ship
concept were the CH-53D, CH-53E, HH-60H, and MV-22. Decision matrices, with
varying constraints of speed, loading, and range, were generated to identify the best type

of aircraft for this mission.



Decision Matrix with Constraints

B Attribute
Traceahility Requirement| CHS53E || CH53D || Mv-22 || HH.60H Weight Threshold Reguirements Objective Exceeded:| 4
232 AIRCRAFT SPEED 4 4 4 4 3 125 Kis Objective Met:| 3
2.3.2 PASSENGERS 4 4 4 4 1 12 plus aircraft crew Threshold Met:| 2
232 LOAD CARRYING 4 4 4 4 4 3 tons Below Threshold:| 1
2334 GUN| 4 4 4 4 1 at least 7.6212.7mm
2321421 TORPEDO 1 1 1 1 2 MK-50 or equivalent
232 FLYING DISTANCE 4 4 4 4 2 100 nm
232 HOVERING CAPABILITY| 4 4 4 4 3 able to hoverfly around searched ship
232 REFUELING 4 4 4 4 1 able to refuel in air
TOTAL 917 917 917 917

Decision Matrix without Constraints

4 1

23.2 AIRCRAFT SPEED| 2 1 4 250 Kis
232 PASSENGERS| 4 4 4 4 4 12 plus aircraft crew
232 LOAD CARRYING| 4 4 4 3 4 5 tons
2.3.3/4 cun| 4 4 4 4 3 at least 7.62/12.7mm
23.2M.2.1 TORPEDO| ! 1 1 1 4 MK-50 or equivalent
232 FLYING DISTANCE| < 1 4 1 4 1000 nm one way
23.2 HOVERING CAPABILITY| 4 4 4 4 2 able to hover/fly around searched ship
232 REFUELING| 4 4 4 4 4 able to refuel in air
ToTaL| 881 851 1361 676
Total| 1798 1768 2278 1593

Figure 25.  Aircraft Alternatives Decision Matrix

No particular aircraft broke out as being the best with imposed constraints. With
constraints removed, however, the MV-22 broke out as the best potential aircraft for
consideration due to its superiority in overall speed and range.

2. Small Boat Analysis

Another consideration under the single-ship architecture was prolonged operation
of small boats during boarding operations. An item of contention within the group was
whether or not a deployed small boat (Rigid Hull Inflatable Hull, (RHIB)) should be
within sight of own ship while conducting boarding operations. Due to differing opinions
within the group, a risk matrix was generated to determine the viability of having a ship
deploy its small boat and allow it to operate over the horizon (>10 nm) and out of sight

while a boarding was conducted.




WITHIN 10nm OPERATIONS

Prolonged exposure to elements 0.3 0.37 0.4 0.44 0.44 0.4 0.51 0.51 0.51 0.51 0.51 SCALE
Nighttime transit 0.3 0.37 0.4 0.44 0.44 0.4 0.51 0.51 0.51 0.51 0.51
Heavy sea-state effects/Man OVBD 0.2 0.zg 0.36 0.26 0.36 0.36 0.44 0.44 0.44 0.44 0.44 0.44
z- Shark attack/biologic interference 0.2 0.ze 0.26 0.26 0.26 0.26 0.44 0.44 0.44 0.44 0.44 0.27
E Injury during deployment/retrieval 0.2 0.28 0.36 0.36 0.36 0.36 0.44 0.44 0.44 0.44 0.44 0.28
".5 Loss/ sink 0.1 0.19 0.z 0.28 0.za 0.z 0.37 0.37 0.27 0.37 0.37 -
o Limited ONSTA time due to fuel constraints 0.1 0.19 0.28 0.28 0.28 0.28 0.37 0.37 0.37 0.37 0.37
Crew fatigue/discomfort due to transit 0.1 0.19 0.28 0.28 0.2e 0.28 0.37 0.37 0.37 0.37 0.37
Merchant traffic interference 0.1 - 0.28 0.23 0.28 0.28 037 0.27 037 037 0.27
Lack of close, direct ship support (presence/safety) 0.1 0,12 0.28 0.28 0.28 0.28 0.37 0.37 0.37 0.37 0.37
WEIGHT 0.1 0.2 0.2 0.2 0.2 03 0.3 0.3 0.3 0.3
RISK ITEM (] 5 7 8 10 4 3 L] 2 1
Consequence
OTH OPERATIONS
Lack of close, direct ship support (presence/safety) 0.3 0.37 0.44 0.44 0.51 051 0.51 0.51 0.51 051 SCALE
Crew fatigue/discomfort due to transit 0.3 0.37 0.44 0.44 0.51 051 0.51 0.51 0.51 051 -
Prolonged exposure to elements 0.3 0.37 0.44 0.44 0.51 051 0.51 0.51 0.51 0.51 051 0.44
3- Nighttime transit 0.3 0.37 0.4 0.4 0.51 0.51 0.51 - 0.51 0.51 0.51 0.37
E Merchant traffic interference 0z 028 0,36 0,36 0,44 0,44 0,94 0,44 0,44 0.44 0,44 0.28
'E Heavy sea-state effects/Man OVBD 0.2 0.28 0.36 0.36 0.4 0.44 0.44 0.44 0.44 0.4< 0.44 -
o Shark attack/biologic interference 0.2 0.2s 0.26 026 0.44 0.44 0.44 0.44 0.44 0.44 0.44
Injury during deployment/retriewval 0.2 0.28 0.36 0.36 0.44 0.44 0.44 0.44 0.44 0.44 0.44
Loss/ sink 0.z 028 0.36 0.38 0.44 0.44 0.44 0.44 0.44 0.44 0.44
Limited ONSTA time due to fuel constraints 01 019 0.28 0.28 0.37 037 0.37 0.37 0.37 0.37 037
WEIGHT 0.1 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
RISK ITEM 6 5 i 3 a9 2 8 10 4 1
Consequence

Figure 26.

Small Boat Risk Matrix

As expected, moderate increases in risk associated with an increased transit time

of a small boat operating over the horizon and out of sight of own ship resulted, which

might be acceptable given the mission considered. However, the significant increase in

risk associated with the lack of close, direct ship support, crew fatigue/discomfort due to

increased transit time, and unobserved nighttime transit to/from own ship enabled the

Single-Ship Group to decide that that close boardings (within sight) would be the best

option.



3.

Ship Analysis

All major surface ship types were considered during analysis, such as Cruiser-
Destroyer (CG, DDG, FFG), Amphibious (LHA, LHD, LSD, LPD), Littoral Combat Ship
(LCS), nuclear-powered fast-attack submarine (SSN), and Battleship (BB).

SHIP ANALYSIS

OPERATION WITHOUT OILER SUPPORT

Traceability Requirement BB CVN LPD nme Threshold Requirements
232 Combined System Range 4 5 10,000nm
Max Speed 3 4 4 »35kts
2572 Iain Machinery Endurance 3 4 4 200hrs (@35kts
232 UNRERP| 4 4 4 4 4 4 4 4 4 1 Can meet 100000 requirment with UNREP
2.3.304 Seakeeping 4 4 2 2 4 4 4 4 4 3 Fositive Stability to launchf recover RHIB

2321421 Maneuverability] 4 3 2 2 4 2 2 2 3 3 Sustain 20kts in Sea State 4

232 Mavigation/Search Sensors| 4 4 3 3 2 4 3 3 3 3 2 Meets USCG & detects large merchants at 30nm
2312234 On Station Time| 4 3 3 3 2 4 4 4 4 4 4 21 Days provisions for search team support

232 Main Machinery| 4 3 3 3 4 4 2 2 2 2 3 5% Fuel Usage Per Day @20kts

232 Auiliaries| 2 2 2 2 2 2 2 2 2 2 25 Operate in 85°F Water

232 Maintainability| 2 4 2 2 4 2 2 2 2 1 Mo Hull Cutting to get at Major Components

Small Boat/Int. Launch/Rec. 4 4 Carry 2, Operate 2 Launch 1 (11m RHIB)

233404 HelicopterHangar Deck| 4 4 3 Launch 2 MHE0s at once

231 Cargo Capacity| 4 4 1.3 Staging area for assault and search teams wf gear storage
42142 Combat Systems Suite| 4 4 3 Can target bridge or engineering/Sink 100k ton merchant in 2hrs

42.3 Self Defense & 3 25 esistant to small arms fire/ Crew served weapons for team suppor

232 Stealth 3 1 Undetectable by commercial nav radar beyond 10nm

4.1.3 Communications Suite| 4 4 4 3 2 4 3 2 2 2 2 Compatable with Mavy and real time team comms

232 Tactical Information Suite| 4 4 4 4 2 4 3 2 2 2 2 Compatable with Global Maritime Picture

423 Brig/Prisoner Rescuee Spaces 4 4 E E 4 3 3 3 3 2 15 persons w25 surge

Reduced Manning 4 2 1.5 B man watch team w/ 3 sections
233 Crew Comfort] 4 & 2 4 2 3 2 Sit-up racks wf lounge space in berthing
233 MultiplesSimult. Search| 4 3 2 2 2 4 2 2 2 2.5 3 simultaneous
Total| 1831 G17 208 234 1166 2088 573 497 425 501

BB || Lcs || ¢G [[Fr6 ][ ssGN ] cuN ] tha ]| tuo || Lsp || Lep |

(1997)0perational Costs -$800 | -§140 || -$280 | -$160 | -$350 | -§1100 | -$550 | -$450 || -$350 5300
Reguirements| 1831 B17 203 234 1166 2088 573 497 425 501
Total Scare 1031 477 13 74 816 985 23 47 fik] 2m
Figure 27.  Ship Analysis Decision Matrix

Key attributes in comparing different ship types are listed in figure 29. Utilizing

the above threshold requirements as a guide, different classes of ship seemed to possess

some general commonalties where meeting a specific threshold requirement was not

feasible. With only a few exceptions, virtually all categories of ships did not meet

minimum threshold requirements for stealth and/or reduced manning.




Cruiser-Destroyer (CRUDES): Could not meet minimum threshold requirements

for range, speed, and main machinery endurance. In addition, minimum threshold

requirements for the operating number of RHIB’s and air assets could not be met.

Amphibious: Could not meet minimum threshold requirements for range, speed,
and endurance. LSD’s, in particular, did not meet minimum threshold requirements for

operation of air assets and necessary combat suite for targeting and sinking a VOI.

Nuclear-Powered Fast-Attack Submarine (SSN): Could not meet minimum

threshold requirements for underway replenishment, seakeeping/maneuverability on the

surface in sea state 4, multiple RHIB/air operations, or crew comfort.

In addition to comparing different ship types, it was necessary to compare these
potential systems in an operating environment where small boats would conduct
boardings in close proximity to own ship (within sight) and at a distance of greater than
10 nautical miles from own ship (over the horizon, (OTH)). Two main categories were

considered:

Sequential Boardings: A single ship deploys one small boat to conduct one

boarding at a time.

Simultaneous Boardings: A single ship deploys multiple small boats so that

multiple boardings can occur at the same time.

Decision matrices for these categories are illustrated in the following tables

respectively.



| OTH SEQUENCIAL BOARDING

Weight LCS CG FFG || SSN || BB CVN || LHA || LHD LSD || LPD

[SITUATION REQUIREMENTS

MANEUVERING & STATION KEEPING

12
ENDURANCE 12

AIR DROP OPERATIONS

RHIB OPERATIONS

WEAPONS COVERAGE

3
1
VISIBLE NAVAL PRESENCE 1
1
2

alalalals

1
IMMEDIATE EMERGENCY EGRESS 0.75 1
1

IMMEDIATE SHIP ATTACK 0.5 0.5 0.75(] 0.75]] 0.75]] 0.75

Total [20.25(| 6.75 6.5 || 2.75]]18.75]| 20.5 |[8.375]]|8.375]]6.875]]| 8.375

| CLOSE SEQUENCIAL BOARDING

Weight LCS CG FFG || SSN || BB CVN || LHA || LHD LSD || LPD

[SITUATION REQUIREMENTS

MANEUVERING & STATION KEEPING

12
ENDURANCE 12

AIR DROP OPERATIONS 3 1 1

RHIB OPERATIONS 1 7 . 1

VISIBLE NAVAL PRESENCE 2 1 1 1

WEAPONS COVERAGE 1 1 1 1 0.75 1 1 0.5 0.5 0.5 0.5

IMMEDIATE EMERGENCY EGRESS 2 1 1 1 0.75 1 1 1 1 1 1

IMMEDIATE SHIP ATTACK 0.5 1 1 1 0.5 1 1 0.75]]1 0.75 (] 0.75]] 0.75
Total [21.25(( 7.75 7.5 1] 2.75[]19.75(] 21.5 |{8.875]]|8.875]]| 7.375]| 8.875

Figure 28. Sequential Boarding Decision Matrix

| OTH SIMULTANEOUS BOARDING

Weight LCS CG FFG || SSN BB CVN || LHA LHD LSD LPD

[SITUATION REQUIREMENTS

MANEUVERING & STATION KEEPING
ENDURANCE

==
NN
-—

L 0541 1 f| 1 || 1 ]] 05|

AIR DROP OPERATIONS

1] 05[] 05|
RHIB OPERATIONS

VISIBLE NAVAL PRESENCE

WEAPONS COVERAGE

IMMEDIATE EMERGENCY EGRESS
IMMEDIATE SHIP ATTACK

0.5 0.5 0.5 0.5

Total |16.25|]| 2.75 || 2.75 || 1.25 || 14.25]]| 15.88]|4.375]]| 4.375]]2.875]]4.375

| CLOSE SIMULTANEOUS BOARDING

Weight LCS CG FFG || SSN BB CVN (| LHA LHD LSD LPD

[SITUATION REQUIREMENTS

MANEUVERING & STATION KEEPING

12
ENDURANCE 12

AIR DROP OPERATIONS

RHIB OPERATIONS

alalal—a
alalal—a
2l

3

1

VISIBLE NAVAL PRESENCE 2
WEAPONS COVERAGE 1
2

-
Aalalalal:
-

1
IMMEDIATE EMERGENCY EGRESS 0.5 1
1

IMMEDIATE SHIP ATTACK 0.5 0.5 0.751] 0.75 ] 0.75 [] 0.75

Total |21.25|| 7.75 7.5 2.5 ||19.75(] 21.5 ||9.375]]9.375]] 7.875[]9.375

Figure 29. Simultaneous Boarding Decision Matrix



For close/sequential, over-the-horizon/sequential, and close/simultaneous
boarding, CRUDES and amphibious ship classes did not meet minimum threshold
requirements for maneuvering, station keeping, and endurance. The SSN did not meet
minimum threshold requirements for air drop capability. A more demanding over-the-
horizon/simultaneous boarding scenario provided further restrictions than the three above
in that a visible Naval presence would most likely not be possible, eliminating the
opportunity for close support in the event of boarding team emergency egress. To re-
emphasize the point made in Chapter 5.A.2, this was the major deciding factor for a
system that would enable close support by own ship while conducting boarding.
Personnel safety was considered paramount, and a visible naval presence around a
potentially hostile VOI would give the inspection teams the best chances of safety under

all circumstances.
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Figure 30.  Ship Mission Measures of Performance

4. Conclusions
Through a measure of performance profile for all ship types as shown in
Figure 31, the Single-Ship Group identified three break-out systems (ships) as their
present-day, near-term, and long-term solutions for a single-ship MTR scenario:
a. Today: Nuclear-Powered Aircraft Carrier (CVN)
This option possesses nuclear propulsion which gives unlimited
range at sustained high speeds with a large enough flight deck to sustain any mission. In

addition, a CVN has enough storage capacity for numerous RHIB’s or other intercept




boats of choice with necessary command and control infrastructure to manage a major

MTR operation.
b. Near-Term (Conversion): Battleship (BB) or Littoral Combat
Ship (LCS)
1. A battleship possesses an endurance of 5,600 nautical miles at 35

knots, and range of 17,000 nautical miles at 20 knots. This option would require re-
commissioning and necessary modifications for air support. Massive size of ship could
easily accommodate larger boats for VOI boarding. 16-inch guns would give desired
effect to any potentially hostile vessel. Best location for stationing would be Pearl

Harbor.

2. LCS, if available, could be fitted with MTR modules for sustained
operations located at numerous bases throughout the Pacific Ocean or any area of
interest.

C. Long-Term (Future-Build): New Class

A new class of warship would have the capability of ranges in excess of
20,000 nautical miles without refueling at 45 to 50 knots and deliver two or more high
speed boats with well-equipped passengers to multiple targets safely and effectively.

B. MULTI-SHIP, MULTI-PORT CONCEPT

1. Multi-Port Analysis

This concept would utilize the ability to intercept three or more inbound VOI’s
from various ports located in the Pacific Ocean, otherwise known as a “zone defense”
method. A multi-port solution would reduce individual ship requirements in various
ways. First, the ability to deploy from multiple ports in vicinity of the major shipping
lanes would result in shorter per ship routes, minimizing time on full-power transits for
intercept. Instead of relying on a single intercept ship for total system range, a multi-port
concept would allow a much greater system range through the combined ranges of all
ships by enabling hand-off capability of the VOI from one intercept ship to the next.
Handing off of one intercept ship to another would reduce the required on-station time for
an intercept ship, freeing it up for other potential boardings within its particular zone.
Finally, a pre-positioned multi-port force would offer maximum maneuverability and

visible Naval presence for any maritime scenario.



Figure 31.  Multi-Port Pre-Positioned Force



Traceability Requirement Today | Convert | Future ﬁ Threshold Requirement
2.3.2 Combined System Range 4 4 4 4 7000 nm
2.3.2 Main Machinery Endurance 2 2 2 4 200hrs @40kts
2.3.2,51.2 UNREP 4 4 4 3 Dual Station
2.33/4 Seakeeping 4 4 4 3 20kts @ Seastate 5
2.3.2/4.2.1 Maneuverability 2 2 2 3 40kts Sustained
232 Navigation/Search Sensors 4 4 4 2 Meets USCG & detects large merchants at 30nm
2.3.1/23.4 On Station Time 3 3 4 4 7 Days of assault/search team support
2.3.2 Main Machinery 3 3 3 3 5% Fuel Usage Per Day @20kts
232 Augxiliaries 4 4 4 2.5 Operate in 85°F Water
523 Maintainability 3 3 3 2 No Hull Cutting to get at Major Components
2.3.3/4 Helicopter/Hangar Deck 1 1 1 3 Launch 2 MH-60s at once
2.3.1 Cargo Capacity 2 2 2 1.5 Staging area for assault and search teams w/f near starane
4.2.1/.2 Combat Systems Suite 3 3 3 3 Can target bridge or engineering/Sink 100k ton merchant in 2hrs
423 Self Defense 3 3 3 2.5 Resistant to small arms fire/ Crew served weapons for team support
23.2 Stealth 2 2 2 1 Undetectable by commercial nav radar beyond 10nm
413 Communications Suite 3 3 3 2 Compatable with Navy and real time team comms
232 Tactical Information Suite 3 3 3 2 Compatable with Global Maritime Picture
4.2.3 Brig/Prisoner Rescuee Spaces 1 1 1 2 15 persons w/ 25 surge
5.2 Lifecycle Costs 3 2 1 1.5 Comparable to FFG
5.1.3 Reduced Manning 3 2 11 1.5 6 man watch team wj/ 3 sections
2.3.3,5.1.4 Crew Comfort 2 2 3 2 Sit-up racks w/ lounge space in berthing
233 Multiple/Simult. Search 4 4 4 2.5 3 simultaneous
160.5 147.5 175.5

Figure 32.  Multi-Ship/Multi-Port Decision Matrix

2. Conclusions
a. Today: Bases Currently Utilized
A current-day solution is to utilize Pacific bases currently in use by U.S.

Armed Forces (USN/USCQG):

Yokosuka, Japan

Pearl Harbor, Hawaii

San Diego, California

Everett, Washington

Juneau, Alaska

Alameda, California

b. Near-Term (Conversion): Bases That Could Be Utilized

A near-term solution would utilize other bases to provide more complete

areéa coverage:

o Sasebo, Japan
o Guam
o Singapore

C. Long-Term (Future-Build)




The following are considered long-term future options that could be

constructed or renovated to accommodate U.S. Armed Forces assets:

° Bases:
o Philippines
o Australia
1. Sea bases, constructed and maintained 2,000 nautical miles

from San Francisco along major shipping lanes

C. MOTHERSHIP/INTERCEPTOR CONCEPT

1. Analysis

The basic configuration of this concept would consist of a mothership carrying a
multiple of interceptors and air assets for deployment and retrieval. To initially narrow
the problem, the first step was to establish some basic attributes for each type of vessel.
The mothership had to be a large, stable platform that would be able to carry at least 4
interceptors. In addition, the mothership would require aviation capabilities for at least
two helicopters or two MV-22’s. The engineering plant would have to sustain a speed of
at least 20 knots for a range equivalent of a trans-Pacific route (approximately 9,000

nautical miles).

The interceptor had to be a small, stable platform that would be able to carry at
least 30 personnel (24 passengers + 6 crew). The engineering plant would have to sustain
a speed of at least 30 knots for a range equivalent of 1,500 nautical miles (500 nautical
mile sprint). In addition, the interceptor would have to be self-sustaining and operate

autonomously for at least 3 days.

This concept provided countless possibilities. A correlation matrix, as follows,
was generated based on possible choices to identify potential systems for further
consideration. Shaded areas denote those combinations that were deemed feasible for
further consideration, either in as-is configurations or with modifications to meet MTR

requirements.
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Figure 33. Mothership/Interceptor Correlation Matrix

A decision matrix, Figure 35 was then generated based on possible choices to

identify potential break-out systems as a possible final solution. Although many

combinations seemed feasible, two interceptors (Littoral Combat Ship (LCS),

Wallypower 118 motor yacht) emerged as best-suited for compatibility with potential

motherships and in meeting the goals of the MTR mission.



Traceability Requirement T-AKE | AOE 6 | Trailership/Tanker T-AGOS A\:_:i;l? Threshold Requirements
232 Combined System Range 4] 4] 4|4 4a] 4] 4afa]3]a]a|las 4 7000 nm
232 Main Machinery Endurance* | 3 | 4 | 4 | 4 | 3 | 4 | 4 | 4 | 3 | 4 | 4 ] 4 4 200hrs @40kts
512 UNREP 4 41 4| 4 3 3| 3] 3] 3 3 3 3 3 Dual Station
2334 Seakeeping 3 3 3 3 3 3 3 3 2 2 2 2 3 20kts @ tate 5***
2.3.214.2.1 Maneuverability** 233323 3]3)2|3]3]3 3 40kts Sustained
23.2 Navigation/Search S s 4 | 4| 3| 34| 4)3]|3]4]4]3]3 2 Meets USCG & detects large merchants at 30nm
2.3.1/2.34 On Station Time RN R R 4 7 Days of 1 team support
232 Main Machinery 4 | 4| 4| 4] 4| 4] 4] 4]3]3]3]3 3 5% Fuel Usage Per Day @20kts
232 Auxiliaries 3f3|]3|3})s3|3|s3faJaf3|3]3 2.5 Operate in 85°F Water
523 Maintainabilig 3 3 3 3] 4| 4] 4 4 3 3 3 3 2 No Hull Cutting to get at Major Components
2334 Small Boat/nt. Launch/Rec. 3| 3| 3| 33| 3| 3| 3]4]4]4]4 3 Carry 2, Operate 2, Launch 1 (11m RHIB)
23.3/4 Helicopter/Hangar Deck S ) e e S| a]A)]a) ] Launch 2 MH-60s at once
231 Cargo Capacity 4 4 4 4 4 4 4 4 3 3 3 3 1.5 Staging area for assault and search teams w/ gear storage
4212 Combat Syst Suite el It I D D - S - A 3 Can target bridge or engineering/Sink 100k ton in 2hrs
423 Self Defense 4|1 4| 4| 43| 3| 3]3)3]3]3]3 25 Resistant to small arms fire/ Crew served weapans for leam support
232 Stealth _ 2 2 2 2 1 L by ial nav radar beyond 10nm
413 Communications Suite 41 4| 4| 43| 3)3]3)3]3]3]3 2 Compatable with Navy and real time team comms
232 Tactical Information Suite 3| 3|3 )| s3] ]s|3)3)]3 |33 2 [ with Global Maritime Picture
423 Brig/PrisonerRescuee Spaces| 3 | 3 | 3 | 3 | 4 | 4 | 4| 4 3| 3| 3] 3 2 15 persons wi 25 surge
52 Lifecycle Costs 2 2|2 2)4]|4]4]a]4a]4]4]4 1.5 Comparable to FEG
513 Reduced Manning 2 (2|22 4| 4]a]4a)4]4]4]|4 1.5 6 man watch team wi 3 sections
233 Crew Comfort 3|0 3| 3| 34| 4] 4]4]3]3]3]3 2 Sit-up racks w/ lounge space in a9
233 Multiple/Simult. Search 4] 4| 4| a)a]4a)afja]s]ajalas 2.5 3 simultaneous
Total 187 192 192] 191 196] 198] 178 18s| 183] 183
2 & =
- g c o § = o, E =
SRR EE R EEE R
I | 1

Figure 34.  Mothership/Interceptor Decision Matrix

2. Conclusions
a. Today: Amphibious Ship/MK-5 or Oiler/PC, LCS, or FFG

Two options were identified:

o An amphibious ship (or some variant) possesses the capacity to
carry several MK-5 interceptors. Potentially long intercept routes
for a MK-5 in high sea states would, however, result in poor crew
conditions. The MK-5 interceptor would be limited in its ability for
extended duration, independent operations.



Figure 35.  Amphibious Ship with MK-5 Interceptor

. A small group of ships resembling a Search Action Group (SAG),
consisting of an oiler-type platform (mothership) and other surface
ships (interceptors), gives extended system ranges due to the
mothership having the capability to refuel its own interceptors. In
addition, each interceptor is a surface combatant itself, capable of
extended duration, independent operations.



Figure 36.  Oiler Ship with Coastal Patrol Ship (PC), Littoral Combat Ship (LCS), Guided-

Missile Fast Frigate (FFG)
b. Near-Term (Conversion): Mothership

Due to the vast number of interceptors to choose from with countless

capabilities and dimensions, a near-term solution would consist of a large ship conversion

to build what would be considered the ideal mothership. With the interceptors requiring

no outer hull configurations or dimensional changes, the new mothership would contain

conversion specifications to accommodate the interceptors. The WallyPower motor yacht

would become the primary interceptor of choice.



Figure 37. Container/Trailer Ship with WallyPower Motor Yacht

The larger ships selected for further consideration for mothership
conversion were the container/trailer and military/merchant oiler ships (AOE/T-AKE).

Figure 39 shows how a basic conversion to a container/trailer ship might look.
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Figure 38.  Container/Trailer Ship Conversion

C. Long-Term (Future-Build): New Class

A new class of mothership would have the capability of ranges in excess
of 20,000 nautical miles without refueling at sustained speeds at over 20 knots. In
addition, this mothership would possess the capability to carry, deploy, and retrieve at
least 5 WallyPower-size Interceptors.
D. FINAL CONCLUSIONS

1. Summary of Analysis of Alternatives (AOA)

a. Single-Ship

The nuclear-powered aircraft carrier scored the highest numerically of but
policy issues may not consider its use in an MTR scenario. In addition, it is unlikely that
a CVN would enter into this type of scenario unaccompanied, so it is assumed that an

entire Battle Group would be utilized for this type of mission.




b. Multi-Ship/Multi-Port
A multi-port option allows a significant reduction in time-to-station and
endurance parameters, and thus the required number of interceptors to be reduced. This

removal of constraints allows for reasonable parameters of a future design.

The Littoral Combat Ship (LCS) and guided-missile frigate (FFG) scored
numerically similar to the interceptors; however, lifecycle costs would dramatically
increase as interceptor size increases (ex. DDG, CG) without added MOE benefits.

C. Mothership/Interceptor

The ship conversion system (Trailership/WallyPower) scored the highest
numerically. It was considered that additional investigation may lower conversion costs
and increase survivability.

2. Final Recommendations

As a function of urgency and cost, it was necessary to consider what was
available in present day and what could be converted in the short-term (5 years) to
provide an adequate solution to the MTR mission.

a. Today’s Solution

Deploy a CVN Battle Group or an Oiler accompanied by either one or
more fast frigates or Littoral Combat Ship (if available).

b. Near-Term Solution

Convert a container/trailer ship to carry multiple interceptors
(WallyPower).

C. Long-Term Solution

Design from the keel up a new mothership that, as production numbers

increase, could be less expensive than future conversions of existing hull forms.



Mothership/ Single-Ship
Interceptor

Figure 39.  Analysis of Alternatives Results

At the conclusion of this analysis, it was realized that a multi-ship, multi-
port system architecture consisting of motherships carrying a multiple of interceptors
strategically placed at different ports would provide the best chances of combating any
potential MTR threat. The next phase of analysis would become more specific by
analyzing potential mothership/interceptor solutions.

E. SEA-9 INTERFACE

During TSSE’s presentation of findings in March 2006, SEA-9 decided to pursue
a today solution, consisting of an oiler-type platform combined with a fast-frigate (FFG)
or Littoral Combat Ship (LCS), for future investigation. The TSSE Team, recognizing the
need to pursue a project that would end up with an eventual ship design, decided to
pursue a mothership/interceptor concept that would include either a near-term conversion

or future-build option of a large ship.



VI. ANALYSIS OF ALTERNATIVES
(MOTHERSHIP/INTERCEPTOR)

A NARROWING THE PROBLEM

Now that the TSSE Team had a mothership/interceptor model to work with, it was
time to consider the many possible combinations and eliminate all but the best one for
further investigation and eventual design. Re-emphasizing the near-term concept for
analysis, it must be relevant and within the 5-year horizon for building, and most
importantly, satisfy the CONOPS.

1. CONOPS Revisited

With details of how the CONOPS still undecided, it was necessary for the TSSE
Team to go back and review the available options. Previous assumptions cited in Chapter

1 still assumed valid, a typical sequence of events was reviewed:

Ships sail out of Hong Kong/Singapore

Joint Task Force (JTF) MTR activated
24-hour sail order issued

By day 4, MTR system is on trade route ahead of all inbound
merchants

o Boardings commence on inbounds from Hong Kong

o Second MTR system sails to intercept vessels out of Singapore

Initial Boarding Sequence

o Interceptor brings boarding team for ISI
. MTR boarding kit airlifted from Mothership after ISI complete

o Merchant and interceptor travel together without impeding speed
of commerce throughout inspection



Boarding Operations

The sequence of events was constant up through the initial boarding
sequence; however, it was beyond this point unclear as to how the

sequence should progress. The options are listed below:

Option 1

Interceptors remain alongside merchants throughout

operation (Either long-range or towed by merchant)

Option 2

Interceptors provide limited logistics and crew swap

support on approximately 12-hour intervals.

Option 3

Single interceptor provides “shuttle” support for multiple

boarding teams/multiple merchants.

Option 4

Interceptors remain alongside merchants until relieved on

station by other interceptors.

Before selecting the best option, it was realized that more stakeholder input would
be required. This is revisited again in part B of this chapter.

2. Requirements Revisited

The next step of development was to review the initial requirements and see
where changes needed to occur. Through this refinement of requirements, a single
mothership/interceptor combination would emerge as the final solution for TSSE Team
design. Although the mission would be accomplished through a coordinated effort of
both the mothership and the interceptor, it was necessary to determine which platform
would carry the predominant role of specific requirements for the entire system. For
example, endurance/range would primarily reside with one platform while speed/sprint

capability would primarily reside with the other one. While both platforms would possess



self-defense capability, one would be predominantly chosen for offensive capability for

disabling or sinking a hostile VOI.

Traceability Detection Classification Neutralization
Requirement Active/No  Active/
Initial Threat Type Level Passive n-Hostile Hostile
2.3 Range X X X X X X X
2.3 Main Machinery
2351 UNREP .._E:
2.3 Time-to-Target X X X X X =
2.3 Main Machinery 3
2.3 Navigation/Search Sensors g
2.3 On Station Time X X X X X I
23 Main Machinery %
23 Auxiliaries
5.1 Reduced Manning X X X

4142 Assesment/Offensive Capability X X X X X "
23 Small Boat/Int. Launch/Rec. 5
2.3 Helicopter/Hangar Deck B
4.2 Combat Systems Suite @
4.2 Self Defense x on'
41 Communications/Link X X X X X X X g
4.1 Communications Suite 7

234142 Tactical Information Suite é
4.2 Brig/Prisoner Rescuee Spaces X X X
52 Lifecycle Costs X X X X X X X

2.3,51 Crew Comfort X X X Other

2.3 Multiple/Simult. Search X X X X X
Figure 40. Initial MTR Requirements/Needs Correlation Matrix

a. Mothership Attributes

The TSSE Team decided that the mothership must be able to sustain a
10,000 nautical-mile endurance range at a cruising speed of at least 20 knots. In addition,
it must have enough cargo space to embark all air, interceptor, and DOE inspection teams
and necessary support gear for sustained independent operations. The mothership must
have enough stability to safely deploy/retrieve interceptors and air assets, up to sea state
5, if necessary. Since offensive capability (disable/sink) would reside primarily with the
mothership, it would require robust tactical and combat suites in addition to command-
and-control to fully carry out the requirements of such a mission. Mothership refined

requirements are shown as follows.



The following motherships were considered:
. Roll-On, Roll-Off (RO-RO)
o Container/Trailership
o Multi-hulled vessel (ex. Trimaran)
J High-speed ferry
o Heavy-lift ship
o Amphibious (LPD/LSD)
b. Interceptor Attributes
The interceptor, on the other hand, would be required to sustain a
significant endurance range at a cruising speed of at least 20 knots. Aiding in achieving
that task would be a much smaller hull form with minimal provisions and capability in
order to maximize speed. The interceptor would be fitted with weapons for self-defense
capability. Since overall operations would be directed by the mothership, minimal
provisions for tactical and combat suites would be necessary. The goal for the interceptor
would be to have a design to carry out the mission with as minimal manning as possible,
but at least have enough capacity for boarding team transport. Interceptor refined

requirements are shown in Figure 42.

The following interceptors were considered:

o High-speed displacement mono-hull
Advanced hull lightweight craft
Planing mono-hull

Patrol craft variant

Seaplane

Hovercraft

Hydrofoil

The TSSE Team took the refined requirements and broke up into several
groups which would investigate all categories of motherships and interceptors. Once the
investigation was completed, the refined requirements matrices were filled in with
representative data from research. This allowed immediate elimination of vessel types
considered too far outside the bounds of requirements. The question still remained,
however, as to which CONOPS was best, and which combination of vessels would meet

that particular CONOPS.



3. Stakeholders Revisited
It was now necessary to obtain feedback from the stakeholders for final CONOPS

resolution. A questionnaire was disseminated among NPS faculty, SEA-9 and TSSE

students to compare different CONOPS and mothership/interceptor possibilities. The

responses from the questionnaires enabled the TSSE Team to derive a final CONOPS

solution and guidance as how to weight specific attributes of the MOE matrices. A

sample questionnaire is included as an appendix. Some key points were derived from the

questionnaire and are summarized below:

° General comments

Interceptors should not be towed, but should maintain continuous
or nearly continuous coverage.

One mothership should be able to search up to 5
VOI’s at a time.

Aviation and medical support are desirable, but not mission-
critical.

A 12-hour maximum delay in commerce is acceptable.

. Mothership

Stern launch/recovery is much preferred to side launch/recovery.

Mission accomplishment (station keeping) is vital to the mission.

o Interceptor

High cruising range at 20 knots is vital.

Berthing must be able to accommodate 12-man berthing plus
necessary crew.

Limited provisions (MRE/pre-packaged foods) are acceptable for
duration of mission.

B. FINAL CONOPS SELECTION

The key points of the questionnaire provided the needed direction to finalize

CONOPS boarding operations. Boarding Option 4 (interceptors remain alongside

merchants until relieved on station by other interceptors) was chosen overall. A typical

boarding sequence would require the mothership to strategically drop off an interceptor,

with attached boarding team, for pursuit to a specific VOI. An optimal placement of the



interceptor would allow it to cruise to the intended target; a non-optimal placement
would require an interceptor to sprint to its intended target. Upon arrival, the inspection
team would board the VOI. Weather, sea state conditions permitting and with VOI
approval, inspection equipment transfer would occur at that time. For inclement
conditions where personnel and/or equipment personnel are/is not feasible, transfer could
occur via air drop from an organic air asset. The interceptor would remain in vicinity of
the VOI for duration of the search. Due to an expected VOI search lasting less than 7
days, the interceptor would be expected to carry out assigned duties without relief. For a
mission extending to 7 days, the interceptor would require temporary relief for refueling.
This could be accomplished by another interceptor (optimal) or by organic air asset.
Either method would ensure adequate VOI surveillance is maintained at all times. The
interceptor would not require mothership recovery for refueling.
C. FINAL MOTHERSHIP/INTERCEPTOR SELECTION

Now in possession of a final CONOPS, it was possible to derive a final solution
consisting of one mothership and one interceptor that could support that CONOPS. The
remaining choices were narrowed down to three mothership and four interceptor
candidates. To transform the refined requirements matrix into a decision matrix, specific
weighting factors had to be added based on stakeholder input. Utilizing the Analytic
Hierarchy Process (AHP) method of weight factoring, the key performance parameters
(KPP) for each platform were predominantly compared against each other by possessing

the highest weight factors. These concepts are illustrated in the following figures.



MOE vs MOE Row Total Relative Total
Caigo Capacity 147330
Mange 183.5500
Hain Machinery Endurance 189.6000
Helo Capatity (MV: 22 siee) 335568
Interieptur Capacity 102267
Int: tor L h/R 110.5429
| Range Trimaran RoRg Tralier Row Tota Belative
Frl'rar:n 1 333333333 0.333333333 1.E6E6E6E67 0.136358301
RoRo 3 1 0.5 4.5 0.369863014
[Traller 3 2 1 E 0.433133635
Total 12. 18686667
Helo Capaciy Trimaran RoRg Traller Row Tola Relallve
Trimaran 1 2 2 S 0.421178471
RoRo 0.5 1 0.333333333 1833333333 0.161764706
Traller 0.5 E 1 4.5 0.337058824
Total 11.33333333
Maln Machinery
Endurance Trimaran RoRg Traller Row Tota
Trimaran 1 S 3 9 0.641330186
RoRo 0.2 1 0.5 1.7 0.121140143
Traller 0.333333333 2 1 0.237523631
Total
Inferceptor Capacity Trimaran RoRo Traler Relalive
Trimaran 1 2 2 (K
RoRo 0.5 1 1 0.25
Traller 0.5 1 1 0.25
Total
Cargo Capaciy Trimaran RoRg Traller Relallve
Trimaran 1 333333353 0.333333333 0.142857143
RoRo 3 1 1 0.438571429
Traller 3 1 1 0.428571429
Tofal
Int. Launch!Racover Trimaran RoRg Tralier Relative
Trimaran 1 4 7 0.676364406
RoRo 025 1 3 0.239758227
Traller 0.142857143 333333333 1 0.083377387
Tofal
Maln Machinery Intercaptor Ralative
Options Cargs Capacity Rangs e p— Helo Capacity Capaclly | LaunchiRscovery Row Total T e
Trimaran 0.0023 0.0383 0.0234 0.0793 0.1181 0.4564 | 0.455405565
RoRo 0.0100 0.1073 0.0088 0.0323 0.0213 0.2453 | 0.243E96301
Traller 0.0100 01431 0.0210 0.0323 0.014% 0.2397 | 0.209E3E134
Total 1.00000000000000000000

Figure 41. Mothership AHP Weight Factors




z 3
Traceability Requirement w RORO MULTI-HULL Threshold Requirement Objective
2.3.2 Main Machinery Endurance 3 3 4 14 days @ 20 ks 28 days @ 20 kts
2.3.2 Range 4 3 3 7000 nm 10000nm
2.3.3.2 Interceptor Launch/Recovery 2 2.5 3 2/hr &/
231 Interceptor Capacity 3 2 3 4 7
2.3.1 Helo Capacity (MV-22 size) 3 3 E] ; 2 4
2.3.1 Cargo Capacity 4 4 3 4 staging area for assault/search teams, gear storage
2.3.2 Ability to Depart on Short Notice 3 3 3 3 48 hrs 24 hws
2.3.2 Navigation/Search Sensors 3 3 4 1 detects large merchants at 30 nm fully digital bridge
2.3.2 Main Machinery 3 3 3 3 5% fuel usage per day @ 20 kis
5.2.3 bility 2 2 2 1 no hull cutting to get at major components
4.1.5 Maneuverability 2 2 3 2 ability to shoulder threat
23.2 5 ping 3 3 4 3 20 kis @ seastate 5 25 ks i@ seastate 5
2.3.2,51.2 |UNREP 2 2 3 1 dual station
2.3.2 Damage Control Capability 2 3 3 1 MSC standards USN standards/commercial automation upgrades
232 Damage Stability/Survivablity 2 3 3 1 MSC standards USN standards
2:3.2 Fuel Storage (Refueling) 3 2 3 3 14d 284
232 Compensation System 2 2 3 3 SW (passive) active
2.3.1,5.1.4  |Berthing Capacity 2 2 3 2 ship's force + surge capability 2-man staterooms
2.3.1,5.1.4  |Crew Comfort 2 2 3 1 sit-up racks w lounge space in berthing
2.3.3.2 Helo Launch/Recovery(Simult) 2 2 3 2 1 2
23.3.2 Interceptor Refueling(Simult) 2 2 2 3 1@ 20 kis 2@20ks
2.3,4.1,42 |Tactical Information Suite 2 2 3 2 Basic (amphib) GCCS-M/LINK/OTCIXS
2.34.1,42 |Combat Systems Suite 3 3 3 3 offensa (sink/disable--from offboard) offense (sink/disable--from onboard)
2.34.1,42 |Comms Suite (External) 3 3 3 1 828, CAR net, SATHICOM, UHF, HF threshold + CV-style intemet connectivity/bandwidth
2.34.1,4.2 |Comms Suite (Internal) 3 3 3 1 sound-powered phone sys IVCS/SWICS
177.2 169.3 197
Figure 42. Mothership AOA with AHP Weight Factors

The multi-hull ship (trimaran) emerged as the best solution due its superior main
machinery endurance, maneuverability, sea keeping, and potential interceptor

launch/recovery rate.



Max Speed Hi Spd Dis High Spd Plane Adv Hull PC Row Total |Relative decimal Total
Hi Spd Dis 2 2 fi 12 0.42042042
High Spd Plane 0.5 1 5 7.5 0.262762763
Adv Hull 0.5 | 1 5 7.5 0.262762763
PC 0.142857143 ] 0.2 0.2 1.54285714) 0.054054054
28.5428571
Endurance/Range Hi Spd Dis High Spd Plane Adv Hull PC Row Total |Relative decimal Total
Hi Spd Dis 7 4 0.333333333] 12.3333333 0.349527665
High Spd Plane 0.142857143 0.25 0.142857143| 1.53571429 0.043522267
Adv Hull 0.25 0.166666667| 4.41666667 0.125168691
PC 3 | 7 17 0.481781377
Total 35.2857143
Range (Max Speed) Hi Spd Dis High Spd Plane | Adv Hull PC Row Total |Relative decimal Total
Hi Spd Dis 4 2 0.5 7.5 0.350194553
High Spd Plane 0.25 0.5 0.333333333| 2.08333333 0.097276265
Adv Hull 0.5 2 0.333333333| 2.83333333 0.13229572
PC 2 ] 3 3 9 0.420233463
Total 21.4166667
Displacement High Spd Plane Adv Hull PC Row Total |Relative decimal Total
Hi Spd Dis 0.2 0.5 5 6.7 0.211292987
High Spd Plane 5 2 7. 15 0.473044001
Adv Hull 2 0.5 5 8.5 0.268058267
PC 0.2 0.142857143 | 0.166666667 1.50952381 0.047604745
Total 31.7095238
Berthing High Spd Plane Adv Hull PC Row Total |Relative decimal Total
Hi Spd Dis 5 2 0.333333333] 8.33333333 0.290360046
High Spd Plane 0.2 0.166666667 0.25 1.61666667 0.056329849
Adv Hull 0.5 0.25 6.75 0.235191638
PC 3 12 0.418118467
28.7
Figure 43. Interceptor AHP Weight Factors
' INTERCEPTOR 2 3
Traceability Requirement ms":&’:_.::':m m‘:’: PC (30m) HS PLANE m:‘f Threshold Requirement] Objective
23,33, 34 Endurance/Range . 2 3 1 5 1200 nm 1500 nm
23,33, 34 Displacement 2.5 3.5 1 4 4.75 100 LT 80 LT
2.3,3.3,34,5.14 |Berthing 3 3 2 1 4.5 15 30
23,3.3,34  |Max Speed 4 3 1 3 4.25 40 kts 50 kis
2.3,3.3,34  |Range (Max Speed) 2.5 2 3 2 4 600 nm 750 nm
23,3334 Max Sustained Speed 4 4 3 4 2 20 kts 25 kis
23,33, 34 LOA 3 4 2 4 1 120 ft 100 ft
23,33,34  |Beam 2.5 2 2 3 2 30 ft 20 ft
23,3334 Depth (mast keel) 4 4 1 4 1
4.1.6 Tow Cable 2 2 2 2 1 <1hr < 30 min setup
4.1.6 Tow Style 2 2 2 2 1 man auto
2.3.3,2.3.4,5.1.2 |U/W Refueling 2 2 2 2 2 man auto (reduced personnel)
2.3.3,2.34 On Station Time 4 3 4 2 3 24 Irs 48 hrs
2.3.3,2.3.4,5.1.1 [Provisions/St 4 4 4 2 3 2d 8d
233,234 ing 3 3 1 1 3 40 kts @ 5 50 kts @ 5
233,234 Launch/Recovery 3 3 1 3 1 10 kts @ 5 20kts @ 5
233,234  |Team Boarding 2 2 2 2 2 10 kts @ seastate 5 20 kts @ seastate 5
23,4.1,42 Tactical Information Suite 3 3 3 2 1 minimal (MOM-directed) Link,GCCS-M
2.3,4.1,4.2 Combat Systems Suite 3 2 3 2 2 self-defense offense{ability-disable/sink)
2.3,4.1,4.2 Communications Suite 3 3 3 3 1 B28B, KID-->MOM, satellite threshold + C&R net
142.4 135.9 110.0 110.3

Figure 44.

Interceptor AOA with AHP Weight Factors



The high-speed displacement ship (WallyPower) emerged as the best solution due
its superior speed, cargo/berthing capacity, on-station time, seakeeping, and
sustainability. In addition, this platform possessed desirable volume and weight

dimensions for transport within a mothership and subsequent launch and retrieval.

Highest weighting of those attributes deemed most important by the stakeholders
ensured that the final selection of the two platforms would be the best solution. This
method enabled alternative architecture comparison with a final break-out system
consisting of a trimaran mothership and a high-speed displacement interceptor, which
became the TSSE Team’s solution to the MTR mission CONOPS. A typical

representation is shown in Figure 46.

Figure 45. Trimaran Mothership with WallyPower 118 Interceptor

With the technical management and analysis portion of the project now complete,
the TSSE Team was now ready to move on to the DESIGN phase of the project. This
phase would involve a keel-up design of a trimaran mothership that would have the

capability of transporting, launching, and retrieving at least 5 WallyPower interceptors.
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l. INTRODUCTION

The design of the Tsunami Interceptor Carrier was conceived under the idea to
create a mothership that not only supports and commands operations of a fleet of smaller
vessels, but to also have the ability to launch and recover those vessels in a relatively
short period of time in the most common sea conditions of the Northern Pacific.
Additional considerations based on the concept of operations included the need to carry
the full compliment of interceptors 7,000 nautical miles through the duration of the
mission with no replenishment assets available. Based on these needs, a new and
innovative ship design was developed.

The Total Ship Systems Engineering Maritime Threat Response Tri-hybrid Hull,
referred to as the Tsunami ship is a unique design concept that comprises of the Trimaran
and SWATH hull forms for ships. This report will discuss the preliminary development
of mission sub-systems, initial architectures, as well as the final iterate design of the
Tsunami ship. This section of the report will review the mission requirements that drive
geometric design and address the historical perspective of the components that make up
the design. Additionally, this section will briefly address the modern advances in ship
design, analysis, construction techniques, and propulsions that allow for a revolutionary
design such as the Tsunami ship to be viable within 5 years.

The Tsunami Hull is a combination of the Trimaran high speed type hull and the
Small Water plane Area Twin Hull (SWATH) design. In order to create an open docking
area with a fixed arch covering the aft section of the ship, the SWATH hull is employed.
As discussed in later sections, approximately 120ft in length is required to be enclosed by
the aft arch of the ship. This enclosed area makes up the entire loading and unloading
area of the ship. By combining the two different and very unique hull forms, the TSSE
mothership concept can load and unload a 95 ton interceptor vessel into a mission bay
safely and expeditiously using a robust fixed hoist mechanism without the use of

complicated, labor-intensive, and expensive systems.
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II.  CONCEPT DEVELOPMENT

A. REQUIREMENTS FOR HOIST SYSTEM

Traceability Code (2.3.3/2.3.4)

Critical to the success of the Maritime Threat Response System’s mission, the
ship required to perform the mothership mission must be able to load and unload multiple
boats equipped with personnel and detection devices used to search merchant shipping
while underway. In order to accomplish this task without interfering with shipping transit
times, the MTR Concept of operations limits to no more than a 12 hour delay of the
merchant ships of interest. This time restriction significantly reduces the ability of a
ship’s crew to launch and recover intercept vessels at regular prolonged intervals. This
also restricted the actual type of interceptor used for MTR. Additionally, the requirements
impose operation of both vessels in sea state five. Based on the TSSE Concept of
Operation analysis, the most viable loading point is at the stern of the ship on the
centerline with sufficient headway to reduce wave effects on both the mothership and
interceptor vessels. Further detail of the interceptor hoist selection process is covered in
the Mission Bay Appendix of this report.

The operational analysis of alternative in the preliminary stages of the systems
engineering project showed the need for a 95 ton, 28ft beam, and 120 foot long
interceptor. Based on this result, conventional launching and recovery systems were ruled
out. Such designs as a sling arm davit or ramp were deemed too hazardous by initial
surveys conducted by the TSSE group. Additionally, based on recent analysis of movable
overhead hoist systems, the hoist designers believed a vertical stationary hoisting system
with movable pallets over a moon pool would be the simplest and most effective means
of launch and recovery.

In addition to the location, the device to which the interceptor is recovered is
critical to the hull integrated design. The weight of the interceptor and complexity of the
launch/recovery problem required the hoisting equipment to be integrated into the design
of the ship and not merely an added on sub-system of the ship. It had been determined by
the TSSE hoist design team that a FIXED overhead hoist would be used to lower and



raise the interceptor out of the sea, and a pallet with rollers on the deck would be used
translate the ship into a securing area located within the hull of the ship.

The required location of the launch and recovery of the interceptor and the
decision for a fixed overhead hoisting harness in an arch type of arrangement drove the
minimum dimensions that would be required for the TSSE mothership. Additionally, it
was recognized that it would be prudent not to suspend the interceptor for any lengthy
amount of time. Thus, it was necessary to design the stern of the ship in such a way that
would allow for the interceptor to be towed in the water, pulled into positioned under the
hoist harness where it can be attached to the lifting system. Then it would pulled
vertically out of the water and lifted to a specified height in which the pallet may roll out
of the mission bay and under the interceptor, thusly bridging the loading bay allowing the
interceptor to be lowered onto the pallet and released from the harness.

B. HULL DESIGN GENERAL CHARACTERISTICS

The hull of the Tsunami is a hybrid merging of the large Trimaran hull and the
small water plane twin hull or SWATH type of ships. Preliminary analysis using the
MIT MAPC Excel based software for ship type comparison showed for the range, speed,
sea state, and payload the Trimaran and SWATH designs were the most feasible.
However, the program showed that the SWATH alone did not have the range and
payload capability required by the concept of operations.

To make the initial sizing predictions for the MTR ship, a preliminary design
assumption had to be made based on payload weights provided by the concept of

operations. A combined payload weight of 750 tons was used for initial predictions.



mmm

it opun MOMEAAUNPS DG TSSE SEARRCHER PIOIRRY s
Ranking d
1 Desived Speed in Waves 30 knots Ul H&muﬂ o
2 Deslred Payload T00 [long tons
3 Desired R:Ilgt 10,000 B miles ift5to)
Sea State 5 wave height at top of $55 = 13.1 feet
Maximum Displacemant 15,000 long tons Eﬁﬂiﬂ
Seml.
Flaning
Results Hydiofoll  HYSWAS SES Manahull | Catamaran  Trimaran SWATH
Calm Water Speed 717 hnots 304 30.3 305 340 30.7 na 30,0
Speed in Waves 11421011 hinots. 300 300 300 300 30.0 30.0 0.0
Payload Weight #4144 [T T Ton Ton Tish T T o0
Range at Speed in Waves ! nadical mon 5,936 9,051 5050 6,682 7,560 10,000 9,019
Displacemem *7 stong tons [T 8,29
Installed Powes *7 oy tona 25,21 119,660 21,001 186,086 | 158,924 5 494 104,501
Engines* vongtons | GLM 2500+ 6 LM1600 | GLM2500+ 6LM2500  6LMZ500 6 LM 1600 | G LM 1600
Fuel Canied On Board *™*  yongtans 6,040 6,718 5,590 7,268 5,689 2647 5,381
Length Teet 593 461 (T s 581 (e 39
B Test 150 133 126 108 126 17 176
Hullborme Draft foet 815 615 e 402 6.4 14 £
Failbame | Cushisnbome Drall feer 330 3 L WA na WA nA
Rough Order of Magnimde Cost SSTSABO000 $530.300,000 $577.900.000 $539.000.000  $5EL000.000 3501200000 $565.100,000
Lift to Drag Ratlo 2.1 M3 25 na o 4.1 My
Hotes
1 Hesults with spesds below 15 knots are not reliabl T Punple indicates Mt is excesded
3 Canned deop below 100 of desied £ Limited to Mindmenm of 10 long tone

3 Red indcates limit has heen resched 9 Vel ot b hed
4 n " superion e Pl Teams
B Assumes § squal siced GE Gas Turbines 11 Canivet diop bebew J0% of desied

& Liniledd to 387,068 HP = & LMESH Gas Tarbines 12 Limited to 5§ knots, SFS ndted (o 168 kuots

Figure 46. MIT Maritime Applied Physics Corporation Comparison Program

Further research showed that the stability of the SWATH ship, like those for
oceanic research and off shore oil recovery, is very desirable for maintaining a stable
platform in heavy seas. An attribute very favorable while conducting interceptor launch
and recover aboard ships at sea. The submerged hulls of the SWATH are predicted to act
as a damping source to slow the heave and roll of the ship. The displacement and range
characteristics of the Trimaran would provide the necessary payload capacity without
adding significant hydrodynamic resistance.

The Trimaran section of the ship was chosen due to the need to carry a large range
of payload, i.e. from zero up to six 100 ton interceptors through the entire mission
duration to meet the range and speed requirements. The center hull of the ship will form
a large water plane area and therefore provide higher tons per inch (TPI) that would
otherwise not be provided by the SWATH design alone. The Trimaran was chosen over
a monohull design due to its expected improved roll stability characteristics and lower

hydrodynamic resistance for an equivalent monohull ship of the same dimensions.



C. INITIAL STAGES OF DESIGN

In the early stages of the design process, a number of sketches of possible ship
designs were presented. The major attributes of the design contained a fully enclosed
mission bay and a covered loading bay. Initial sketches of the TSSE hull form were of a
pure Trimaran design with three standard hulls. The stager location of the outriggers were
at an unconventional -26% (percent aft perpendicular of outrigger reference to the aft
perpendicular of the center hull). This proved insufficient to meet the desired platform
stability and maintain the ship within acceptable dimensions. However, research has
shown that in order to maintain the Trimaran’s superior stability, the demi-hulls of the
Trimaran should be positioned at approximately a 50% stagger. This design alone would
be inadequate for the mission of the mothership. This lead into two other options: either
a Pentamaran design or the use of the SWATH underwater hulls as the side hulls of the
ship

Figure 47.  First Conceptual Drawing of MTR Mothership



Figure 48.  First Accepted Sketch of MTR Trimaran

The assumed initial dimension of the ship was set to approximately 900 feet long
and 130ft beam. No analysis was performed on the earliest TSSE Trimaran designs due
to the consensus that a pure Trimaran with a beam within the set limits would not provide
sufficient stability for launching and recovery of interceptors. The pure Trimaran design
was scrapped due to lack of group support and immediate desire of the design group to
proceed with a submerged hull concept. The standard pontoon type side hull typically
seen on a Trimaran hull were immediately replaced with the fully submerged side hulls of

a SWATH type of ship when rendering began.

Figure 49. Initial Ship Rendering in Solid Works



D. HISTORICAL COMPARISON

1. Trimaran

To fulfill the need to create a ship that can not only have the carrying capacity to
accommodate six 100 ton vessels and other payloads typical of a navy support ship, but
also have the maneuvering and speed of the modern combatant, the TSSE team looked
toward the Trimaran concept. Although there are very few examples of large trimarans,
numerous smaller ones exist. With the design of the Littoral Combat Ship and the recent
delivery of the AUSTAL Hull-260 Benchijigua Express for FRED OLSEN
Transportation International, larger trimarans have become the forefront of modern
maritime research. The AUSTAL Hull-260 was completed in August of 2005 and
delivered to a Spanish RO-PAX ferry company for routine high speed transport out of
Portugal.

The overall conceptual design of the center hull for the Tsunami ship was based
off the AUSTAL Hull-260 and the analysis performed by Naval Surface Warfare Center
Caderock on the AUSTAL Hull-260. However, specific wetted area of the hull form,
size, and shape was based on resistance calculation iterations. The analysis conducted by
the NSWCC, in collaboration with the AUSTAL Corporation, showed to be very
promising for the development of large high speed military transports. However, this is

not to say that there had not been any points of concern.

Figure 50.  Benchijigua Express, AUSTAL Hull-260 Design.



The NSWCC research findings showed the tendency for Finite Element analysis
calculation to over estimate stress “hot spots” in the hull that where not measured on test
runs of the actual ship®. Test run results also showed localized areas at the transom of the
hull were experiencing equal loading in lateral as well as longitudinal directions’. This
result will directly correlate to the transom of the Tsunami ship, since the archway of the
transom is wide to accommodate interceptors. A more detailed discussion of the ship

structure is left to the Loading and Structural section of this report.

Figure 51.  Structural Analysis Model of the AUSTAL Hull-260

Additional reports of the initial sea trials also showed better than computed values
for resistance, maneuverability, and propulsion efficiency. The Hull-260 design has
proven the Trimaran design reduces resistance to comparable capacity ships by 20%°. For
the purpose of the Maritime Threat Response mission, the efficient hull form allows for
either greater endurance at a lower cruising speed, or greater speed with lower propulsion
requirements. Additionally, since the requirements call out for operations in sea state 5, a
Trimaran design, as it has been found is the most effective choice, over gigantic mono-
hulls, for prolonged operations in less than desirable seas.

2. Pentamaran

There are very few examples of actual Pentamaran arrangements. Only the few

recent developments in Trimaran design have activated corporate interest in the

Pentamaran concept. One such concept being developed by a British designer, Nigel



Gee, and a consortium, is the ADX Express, which is backed by numerous companies
including Rolls-Royce. So although the shipping industry believes it is a viable option,
there have been no known deliveries to date of the large Pentamaran design and thus no

available design parameters.

Figure 52.  Pentamaran Concept design by British designers Nigel Gee

In addition to the lack of design data, two attributes were the key factors that led
the TSSE team away from Pentamaran designs. First, the arch of the aft section will
support a significant amount of the load when lifting an interceptor out of the water. This
will require an estimated 33% of the total displacement of the ship to prevent a
significant aft trim during lifting operations. The aft side hulls of the Pentamaran will
have to be large enough to accommodate this requirement and as a result have a large
water plane area at the waterline. This design showed a large amount of wetted surface
area that would be susceptible to wave resistance. Secondly, the large pontoons of the
after section of the Pentamaran would not provide the damping resistance desired for
continuous operation in sea state 5. Although, the forward outriggers would provide
additional stability, the amount of wetted surface needed to provide substantial counter
moments would also have associated with it additional wave and viscous drag.

3. Small Water plane Area Twin Hull (SWATH)

The SWATH hull is a proven design that shows significant stability with minimal
water plane area. Additionally, the SWATH design has shown outstanding sea keeping
while maintaining speed in high sea states. The large underwater hulls are not susceptible

to surface wave resistance and provide significant damping force on the ship for reduced



heave and roll period which allows for smooth operations in rough seas. The SWATH
hull was not considered as the primary singular design due to the limitations of storage
space for fuel and payload. The concept of lifting is however, proven in the operations of
various research SWATH vessels around the world. Due to the dimensional limitations,
a SWATH would not be able to accommodate six interceptors however, a SWATH mated

up with a more conventional vessel would.

Figure 53. US Navy SWATH Research Vessel



I1l. GEOMETRIC PROPERTIES

A. DIMENSIONAL REQUIREMENTS
1. Mission Bay
Traceability Code (TC 2.3.3/2.3.4)

In order to accommodate the six prescribed interceptors, the Mission Bay must be
designed to the minimum dimensions 390ft x 120ft x 35ft. The shape and minimum
dimensions of the ship is restricted to ensure the Mission Bay is enclosed and dry. Sea
keeping analysis also required that the mission bay deck height be set 10 feet above the
waterline. The hoist is to be located centerline with interceptor access at the stern of the
ship.

2. Berthing and Docking Restrictions

Traceability Code (TC 2.3.2/4.2.1)

It was deemed necessary by the design team to limit the beam of the ship to 134
feet, and limit the draft to 35 feet. The implementation of these limitations would allow
the Tsunami ship to fit within the berthing locations currently in place for aircraft carriers
and large merchant ships. Additionally, the design included these requirements due to
the limited locations within the United States with facilities to physically dry-dock a ship
with a beam over 134ft. The assumption was made that facilities available to aircraft
carriers would also be available to the Tsunami ship if other non-aircraft carrier facilities
are not available.

3. Panama Canal and Coronado Bridge

Traceability Code (TC 2.3.2)

Although the limitation for the Panama Canal is 109 feet beam, it was determined
by the design team that the required range of the Tsunami ship of 7,000 to 10,000
nautical miles and the improved stability from the wider beam is a significantly greater
benefit to the alternative of transiting through the Panama Canal. Since the Tsunami ship
is not a first strike platform, rapid transit from one ocean to another is irrelevant to

concept of operations.



The maximum mast height to pass under the Coronado Bridge in San Diego,
California, one of the possible staging areas for the Maritime Threat Response ships, is
200 feet. The maximum height of the Golden Gate Bridge, in San Francisco is 746 feet.
The final designed height of the Tsunami ship is 120 feet.

4. Sea keeping and Endurance

Traceability Code (TC 2.3.3/2.3.4)

The minimum threshold range required to accomplish the mission is determined
to be 7000 nautical miles. To ensure continuous uninterrupted merchant progression over
the great circle shipping route, the mothership and interceptors must also be able to
sustain mission operations through Sea State 5. Additionally, the mothership must be
able to recover the interceptors in Sea State 5 and continue with merchant traffic.

B. CENTER HULL

The geometric properties of the Center hull were based on the concept of
designing a hull that was wave piercing at the bow and very low displacement at the
stern. A bow piecing hull would reduce resistance through the water and increase the
fuel efficiency of the ship. Although, it is understood the piercing design would not add a
great deal of reserve buoyancy in rough seas, it is expected the side hulls of the trimaran
would compensate. Additionally, it would be expected that no personnel would be on the

forecastle is severe weather conditions.

The shallow hull at the stern of the center hull was used to reduce the wake effects
at the immediate stern of the center hull. This reduction in turbulence would
accommodate the interceptors that are in tow in the hoist bay of the ship. The shallow
design should reduce the rate of energy transfer into the displaced water from the stern of
the ship, which is what creates the large wakes seen by other vessels such as cruisers. The
reduced buoyancy lost by the stern of the center hull will be carried by the two side hulls
that are positioned 200 feet aft of the stern of the center hull. The concept is to reduce the
wake experienced directly behind the center hull to accommodate interceptor operations.
Additionally, all ship’s propulsion will be placed in the side hulls in order to mitigate
turbulent flow from the centerline in the hoist bay area from any propulsion wash.

Further detail on wake analysis is in the Wave Motion section of this appendix.
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Cp 0.567
Cuwp 0.750
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Figure 54.  Center Hull Offsets for Calculations
60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570
6.65 990 13.20 16.50 19.80 23.10 26.40 29.53 31.84 32.96 33.00 33.00 33.00 33.00 32.99 3298 32.96 32.87
6.47 9.77 13.08 16.40 19.72 23.03 26.34 2948 31.80 3292 3295 3295 3294 3292 3289 3281 32.58 31.20
6.29 960 1292 16.25 19.58 2291 26.23 29.38 31.70 32.83 32.86 32.85 32.82 32.77 32.66 32.40 31.52
6.08 940 1273 16.06 19.40 2273 26.06 29.22 31.56 32.68 32.72 32.69 32.64 3251 32.26 31.61 28.00
586 9.15 1247 1580 19.14 2249 2583 29.01 31.35 3248 32.51 3247 3236 3213 31.62 29.98
563 8.84 1214 1546 18.80 22.16 25.52 28.71 31.07 3220 32.23 32.16 31.99 31.59 30.59 24.38
540 851 11.73 15.02 18.35 21.72 25.11 2833 30.70 31.84 31.87 31.76 31.49 30.81 28.30
519 8.18 11.33 1455 17.82 21.16 24.57 27.83 30.23 31.38 31.40 31.24 30.82 29.41 17.41
499 7.87 1093 14.08 17.24 20.48 23.85 27.16 29.61 30.80 30.81 30.54 29.72 26.36
481 757 10.53 13.61 16.62 19.66 22.87 26.15 28.66 29.89 29.88 29.37 27.67
448 720 10.13 13.13 1594 2144 2455 2710 2837 28.32 27.25 21.01 18.61
358 6.03 876 11.65 14.34 16.73 18.97 21.51 24.07 2541 25.17 20.02
045 075 110 146 179 209 237 269 3.01 318 3.15 250

i) Note 1: All values are in feet
ii) Note 2: Molded Base Line of the Center hull is set equivalent to the 10 ft
waterline of side halls

MOLDEDR B.L.. Center Hull

Figure 55.

Body Plan: Center Hull
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Figure 57. Half-Breadth Plan: Center Hull: .Side Hull

The submerged hulls of the SWATH type stern section will carry one-third of the
buoyancy force 15 feet below the waterline and thus reducing the generation of surface
waves and directing wake flow through a smooth transition from behind the center hull to
well behind the ship. To augment the flow direction attributes of the side hulls, the
geometry properties of the Side hulls are based on the profile of the typical modern fast
attack submarine. Each designed with an elliptical bow and a hyperbolic stern. The
following variables define the hydrodynamic shape of the hull for static stability and

resistance calculation modeling.

D =233 ft Side hull Equivalent Diameter

1 =157.5ft Side hull length not parallel to the long axis
L =300 ft Side hull overall length

L; = 68 ft forward length

L, =90 ft aft length

ny =2.0 forward shape factor

n, =2.0 aft shape factor

PMB =142.5ft parallel to mid body

From SLICE and SWATH resistance, the entrance is defined as a parabolic body
of length Ly, approximately equal to 2.5 times the diameter'. The run is defined as the
ellipsoid body having a length L,, approximately equal to 3.6 times the diameter. For the
Tsunami side hulls, the diameter was taken as the equivalent diameter of the elliptical

cross section.



The parallel middle body is the straight section of the hull where the sum of the
forward length, aft length, and PMB is equal to the overall length of the side hull. The
shape factor coefficients n¢ and n, define the shape of the fore and aft bodies. Coefficients
of the form are defined as (Al-jowder 1995);

° Cwst = forward wetted surface coefficient

° Cwsa = aft wetted surface coefficient
The coefficients were calculated using built in Gamma functions of MATLAB.
The following is the list of geometry coefficients used in resistance calculations for the
Tsunami side hulls.
J Cwst =0.7852
J Cwsa =0.6667
1. Submerged Hulls
For simple SWATH ships with lower hulls having a circular cross-section, the
hydrodynamic heave added mass divided by the ship mass is about 0.70 (Lamb 1988).
For a monohull, the heave added mass is equal to the mass of the ship. Research has
shown that an elliptical cross-section of the lower hull with the horizontal axis 1.8 times
the vertical axis amounts 120 percent of the ship’s mass. This results in a heave period
that is 14 percent longer than the configuration with circular hulls. It has been
determined by the Navy that a 1.8 percent design is impractical and has determined a 1.4
percent design is the most practical. The cross sections of the side hulls of the Tsunami
ship have a 28 foot horizontal axis and a 20 foot vertical axis which follows the 1.4

percent elliptical design.
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Figure 58. TSUNAMI Side Hull 3-View Drawings

2. Struts
The cross section of the forward and aft strut are approximately based on a NACA
0020 airfoil; A camber of 0% and a maximum thickness of 20% of the chord length. The

forward and aft struts are 50 feet long with 10 feet at the widest section.

Figure 59.  Standard NACA 0020 Airfoil

The forward strut has a 10 degree sweep from the point it attaches to the transom

section to the point it connects to the submerged side hull.

Figure 60. Profile View of Strut Arrangement



Figure 61.

Figure 62. Front View Struts and Submerged Hull.

3. Transom Section

The Hoist section of the Tsunami hull is the center of the design. The uniqueness
of the design is built upon the concept of a centerline loading area in which the
interceptors can be drawn into the ship. The split stern section allows the interceptor to
be hoisted as close to the center of buoyancy of the mothership as possible, thereby

theoretically reducing the vertical acceleration the hoist cables would have to endure.

The hoist section of the ship is 200 feet long and 120 feet wide. The Hoist Bay of
the stern section is 120 ft long and 40ft wide. This design provides sufficient clearance
for the interceptor in the water, and limits the span of the pallet required to carry the
interceptor into the mission bay. The additional 80 ft at the aft section of the hoist bay
provides the interceptor pilot maneuvering space to allow for safe hook up of the tow

line.

The overhead section of the hoist bay consists of the hoist and the track rolling
payout dolly. The rolling payout dolly provides vertical and lateral support of the tow
line while the interceptor crew connects up the towline to the ground tackle of the
interceptor. The hoist mechanisms are located in the overhead of the hoist section of the
ship. The main deck area of the hoist section consists of the flight deck. Additional
strengthening for the arch of the hoist section has been considered for the hoisting

operations, MV-22 certifications, and vibrations from main propulsion screws. Based on



the results of the AUSTAL T126 Meter stress analysis conducted by Naval Surface
Warfare Center Caderock, the transom of this type of hull may experience high levels of

localized stress.

Strain Gage
location

Mesh Realignment

\ N TSy

Figure 63.  Finite Element Model of AUSTAL Hull 260 Trimaran Transom

The results show the knee bend at the transom experiences large longitudinal and
lateral loading. As a result of this analysis, the design of the structure which makes up
the transom of the Tsunami hull needs be strengthened to take up these loads or designed
to prevent localizing the loads. A more detailed discussion of the hoist systems of the

mission bay are covered in the Mission Bay section.
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Figure 64. Stern Section: Hoist Bay Three View Drawings. =~ Tsunami Overall

The overall calculations were made using a simplified model with all sections
attached in the Rhino Marine Software. It was determined through a series of
comparison with manual calculation of the center hull geometry that the Rhino Marine

software was a reliable source of geometric calculations for the overall ship.



Characteristic

Class Trimaran-Swath Hybrid
Stern Type Small Waterplane Twin Hull
No. Screws 2

SVC SPD, kts | 32

LBP, ft 800
LOA, ft 812.1
LWL, ft 812.1

B, ft 132.0
BWL, ft 116.61
Freeboard, ft 46.0

T, ft 34.0
Volume, f* | 720455.39
Ag,Lton 20598.86
Trim, ft 0

Cwp 0.43

Cwm 0.37

Cp 0.73

Cg 0.27
LCB/LWL 0.62
LCB, ft 417.43
LCG, ft 417.43
LCF, ft 373.86
LCF/LWL 0.56
MT]1, Iton/in | 2455.88
TPI, Iton 80.67
KG, ft 30.6

KB, ft 20.11
KM, ft 49.77
GMr, ft 19.17
GM,, ft 962.01
BM, ft 29.66
BM,, ft 972.51
Area WP, ft* | 33859.56

Figure 65. General Characteristics and Full Load Hydrostatics for Ship Overall



Figure 66. Plan View and Profile
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Figure 67. Design Waterline Plan View
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Figure 69. Displacement of the Tsunami Hull
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Figure 71.  Section Area for the Tsunami Hull
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Draft Weight LCG ICG VCG

21.00 10708.91 478.15 0.00 30.60

22.00 11339.07 469.81 0.00 30.60

23.00 11990.13 462.30 0.00 30.60

24.00 12661.74 455.55 0.00 30.60

25.00 13353.76 449.49 0.00 30.60

26.00 14065.91 444.06 0.00 30.60

27.00 14797.92 439.20 0.00 30.60

28.00 15549.67 434.88 0.00 30.60

29.00 16320.96 431.04 0.00 30.60

30.00 17111.66 427.64 0.00 30.60

31.00 17921.68 424.65 0.00 30.60

32.00 18763.20 422.00 0.00 30.60

33.00 19648.71 419.62 0.00 30.60

34.00 20598.86 417.43 0.00 30.60

35.00 21577.38 415.45 0.00 30.60

36.00 22593.64 413.52 0.00 30.60

37.00 23667.74 411.53 0.00 30.60

38.00 24801.98 409.50 0.00 30.60

39.00 26000.60 407.44 0.00 30.60

40.00 27302.05 405.24 0.00 30.60

Figure 72.  Hydrostatic Analysis

Draft | Volume Displ LCB/LWL LCB TCB  VCB A0 XA0

21.00 |374549.46 10708.91 0.71 478.15 0.00 12.87 903.17 638.90
22.00 |396589.69 11339.07 0.70 469.81 0.00 13.35 923.61 639.58
23.00 |419360.64 11990.13 0.69 462.30 0.00 13.85 944.05 639.83
24.00 | 442850.79 12661.74 0.68 455.55 0.00 1436 964.50 639.96
25.00 |467054.50 13353.76 0.67 449.49 0.00 14.89 984.94 640.04
26.00 |491962.14 14065.91 0.66 444.06 0.00 15.42 1009.69 562.68
27.00 |517564.44 14797.92 0.65 43920 0.00 1597 1036.34 523.03
28.00 | 543857.57 15549.67 0.65 43488 0.00 16.53 1061.31 342.33
29.00 | 570833.53 16320.96 0.64 431.04 0.00 17.09 1127.05 342.49
30.00 | 598488.90 17111.66 0.64 427.64 0.00 17.67 1192.93 342.64
31.00 | 626819.58 17921.68 0.63 424.65 0.00 18.25 1258.94 342.78
32.00 | 656252.17 18763.20 0.63 422.00 0.00 18.84 1327.03 342.90
33.00 | 687223.42 19648.71 0.63 419.62 0.00 19.46 1399.20 343.02
34.00 | 720455.39 20598.86 0.62 417.43 0.00 20.11 1478.73 343.12
35.00 | 754679.48 21577.38 0.62 41545 0.00 20.76 1560.97 343.22
36.00 | 790223.77 22593.64 0.62 413.52 0.00 21.42 1646.32 343.43
37.00 | 827791.05 23667.74 0.61 411.53 0.00 22.11 1735.45 343.80
38.00 | 867461.51 24801.98 0.61 409.50 0.00 22.81 1829.04 344.25
39.00 | 909383.86 26000.60 0.61 407.44 0.00 23.53 1928.08 344.66
40.00 | 954902.83 27302.05 0.61 405.24 0.00 24.30 2036.10 344.78

Figure 73.  Hydrostatic Analysis



Draft | Area WP LCF LCF/LWL VCF  Mtrans Mlong  BMtrans BMlong
21.00 |21672.60 326.34 0.48 21.00 1331 98220 21.44 990.33
22.00 | 22406.39 329.77 0.49 22.00 1236  970.78 21.01 979.43
23.00 |23131.46 333.23 0.49 23.00 1143 96133 20.58 970.48
24.00 |23847.25 336.76 0.50 24.00 10.52  953.65 20.16 963.29
25.00 | 24557.65 340.36 0.51 25.00 9.63 947.40 19.75 957.52
26.00 | 25255.35 344.05 0.51 26.00 8.76 942.43  19.34 953.01
27.00 | 25947.67 347.81 0.52 27.00 7.92 938.64 18.94 949.67
28.00 | 26635.48 351.65 0.52 28.00 7.09 936.11 18.56 947.58
29.00 |27315.41 355.55 0.53 29.00 6.28 934.81 18.19 946.71
30.00 | 27994.34 359.50 0.54 30.00 5.50 934.68 17.83 947.01
31.00 | 28665.01 363.51 0.54 31.00 4.72 935.66 17.47 948.41
32.00 |30200.71 367.22 0.55 32.00 7.96 942.50 21.12 955.66
33.00 |31740.47 370.77 0.55 33.00 10.88 949.31 24.42 962.86
34.00 | 33859.56 373.86 0.56 34.00 15.77  958.61 29.66 972.51
35.00 | 34563.16 373.61 0.56 35.00 16.39 92525 30.63 939.49
36.00 | 36540.95 371.11 0.55 36.00 18.08 940.21 32.66 954.79
37.00 | 38603.75 368.51 0.55 37.00 19.72 951.86 34.61 966.75
38.00 | 40760.88 365.82 0.55 38.00 2133  959.81 36.52 975.00
39.00 |43212.41 363.11 0.54 39.00 2324 966.58 38.70 982.04
40.00 | 54375.29 357.80 0.54 40.00 45.52  1068.60 61.22 1084.30

Figure 74. Hydrostatic Analysis

Draft GMt GMI RM@,1Deg
21.00 3.71 972.60 692.88
22.00 3.76 962.18 744.14
23.00 3.83 953.73 801.55
24.00 3.92 947.05 865.93
25.00 4.03 941.80 940.23
26.00 4.16 937.83 1021.55
27.00 4.32 935.04 1114.45
28.00 4.49 933.51 1219.02
29.00 4.68 933.21 1333.72
30.00 4.90 934.08 1462.69
31.00 5.12 936.06 1602.40
32.00 9.36 943.90 3065.07
33.00 13.28 951.71 4553.65
34.00 19.17 962.01 6890.58
35.00 20.79 929.65 7827.63
36.00 23.48 945.61 9257.75
37.00 26.12 958.26 10787.45
38.00 28.73 967.21 12435.67
39.00 31.64 974.98 14356.41
40.00 54.92 1078.00 26167.99

Figure 75. Hydrostatic Analysis



Long. Loc. Area Girth

FP 0 0

1 0.267 4.873

30 117.422 48.585

60 250.211 52.874

90 393.350 58.033

120 542.169 63.712

150 693.420 69.674

180 842.711 75.394

210 990.115 80.912

240 1138.310 86.683

270 1305.177 112918

300 1417.835 117.882

330 1473.088 120.297

360 1469.399 120.167

390 1426.810 118.582

420 1298.901 115.132

450 1106.165 109.952

480 872.623 84.119

510 1061.428 181.664

540 1217.605 216.168

570 1095.736 219.920

600 879.500 227.266

630 1162.773 189.516

660 1146.090 190.344

690 844.320 148.771

720 709.229 136.351

750 472.819 111.330

780 135.091 59.508

790 0 0

799 0 0

Figure 76. Hydrostatic Analysis

Draft TPI MTI
21.00 51.64 1318.90
22.00 53.39 1379.42
23.00 55.11 1443.51
24.00 56.82 1511.24
25.00 58.51 1582.41
26.00 60.17 1657.02
27.00 61.82 1735.15
28.00 63.46 1817.26
29.00 65.08 1903.54
30.00 66.70 1994.23




Draft TPI MTI
31.00 68.30 2089.51
32.00 71.96 2202.23
33.00 75.63 2321.36
34.00 80.67 2455.88
35.00 82.35 2481.43
36.00 87.06 2638.61
37.00 91.98 2796.46
38.00 97.12 2953.03
39.00 102.96 3115.54
40.00 129.56 3614.44

Figure 77. Hydrostatic Analysis
raft Ch Cm Cwp Cp Cpaft Cpfwd
21.00 0.24 0.38 0.29 0.62 3.42 0.49
22.00 0.24 0.37 0.30 0.65 3.42 0.51
23.00 0.24 0.36 0.30 0.67 3.39 0.54
24.00 0.24 0.35 0.31 0.69 3.35 0.56
25.00 0.25 0.35 0.32 0.71 3.31 0.59
26.00 0.25 0.34 0.33 0.73 1.57 0.57
27.00 0.25 0.34 0.34 0.75 1.34 0.59
28.00 0.26 0.33 0.35 0.77 1.01 0.54
29.00 0.26 0.34 0.36 0.76 0.99 0.54
30.00 0.26 0.35 0.37 0.75 0.97 0.54
31.00 0.27 0.36 0.38 0.74 0.96 0.54
32.00 0.27 0.36 0.40 0.74 0.95 0.54
33.00 0.27 0.37 0.42 0.73 0.94 0.54
34.00 0.27 0.37 0.43 0.73 0.93 0.54
35.00 0.27 0.38 0.44 0.72 0.92 0.53
36.00 0.28 0.39 0.46 0.72 0.91 0.53
37.00 0.28 0.40 0.48 0.71 0.89 0.53
38.00 0.28 0.40 0.51 0.71 0.88 0.53
39.00 0.29 0.41 0.54 0.70 0.87 0.53
40.00 0.30 0.42 0.67 0.70 0.87 0.53

Figure 78. Hydrostatic Analysis

B. MAIN DECK AND SUPERSTRUCTURE

1. Pilot House and Forecastle

The -5.6 degree sloping downward forecastle design is expected to reduce the
shadow zone area directly in front of the bow thereby increasing the view from the pilot
house and enhancing safe maneuvering without having to increase the elevation of the

pilot house in excess of the height of the helicopter hangars. The distance in front of the



bow that cannot be seen from the pilot house is measured to be 230 feet. The contoured
design of the bow and superstructure are also expected to reduce aerodynamic drag to
enhance fuel efficiency. Additionally the pilot house spans the entire beam of the ship to
ensure visibility fore to aft of the entire ship to ensure safe maneuvering and control
during import operations and ensure proper visibility while closely operating with

interceptors.

Figure 79.  Close Profile View of Bow

2. Superstructure

The superstructure of the Tsunami runs 434 ft from the forward perpendicular to
the flight deck. The superstructure consists of 2 levels forward and aft between the
aircraft hangars with a single level in the mid section. The sides of the superstructure are
angled 23.66 degrees from the main deck to provide some reduction of the radar cross

section of the clean ship.



Figure 80. Bow View of Superstructure

Figure 81.  Superstructure Profile View

3. Flight Deck

The flight deck of the Tsunami ship is 156 feet long 110 feet wide and 46ft above
the waterline. The flight deck is designed to accommodate two simultaneous launchings
of SH-60 type helicopters or one launching of a V-22 Osprey VTOL aircraft. The height

above the waterline and wide beam of the ship significantly improves operational



conditions and reduces wetting events in heavy seas. Hangar facilities are immediately

forward of the flight deck and provide embarkation for 2 aircraft.

Figure 82.  Flight Deck with Aircraft Profile

Figure 83.  Flight Deck Layout



IV. STATIC STABILITY

A. FULLY LOADED CONDITION

The static upright stability calculations were made using the Rhino Marine
hydrodynamic analysis tools. Due to the complex design of the Tsunami ship, the
stability calculations were based on a simplified model which excluded any buoyancy
attributed by the side struts (more specifically, the forward and aft strut) due to their
relative small size compared to the center and submerged side hulls. Variations in
calculations of the coefficients develop when the calculations include the struts. Based
on previous research by the Center for Transportation Development, the center hull
coefficients alone may be considered the characteristic coefficients for a trimaran

analysis.
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Figure 87. Change in KG for various Heeling Angles
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Figure 89. Righting Arm (GZ) and Metacentric Height at Design Waterline
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Figure 93. Resultant Trim at Various Heeling Angles applied to the Design Waterline
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Rollover
Data
Heel @ T = | Trim DeltaVCG Origin Right. Mom. Right. Neutral MetShelf MetShelf
34.0 Depth Arm. Axis Slope Intercept
-30 -0.14 6.71 2421 -543933.80 -26.41 3.17 -0.08 102.23
-20 -0.13 3.74 2935 -297614.45 -14.45 -1.35 0.28 -5.87
-10 -0.14 1.33 33.19 -73724.53 -3.58 2.47 0.01 61.04
-5 0.00 0.30 33.58 -29739.07 -1.44 0.10 -0.02 56.33
0 0.00 0.00 34.00 0.42 0.00 0.00 -0.02 57.66
5 0.00 0.30 33.58 29740.52 1.44 -0.10 -0.02 56.33
10 -0.14 1.33 33.19 73725.59 3.58 -2.47 0.01 61.04
20 -0.13 3.74 2935 297615.40 14.45 1.35 0.28 -5.87
30 -0.14 6.71 24.21 543934.69 26.41 -3.17 -0.08 102.23
40 -0.68 11.89 19.87  623889.65 30.29 -2.98 -0.10 108.37
50 -1.18 17.79 13.83  678955.31 3296 -2.78 -0.09 100.24
60 -1.65 23.84 6.85 692639.35 33.63 -2.52 -0.06 77.69
70 -2.02 29.62 -1.07  655709.72 31.83 -1.68 -0.02 59.50
80 -2.24 35.06 -10.00 57249592 27.79 -0.57 -0.01 54.20
Figure 95.  Stability Analysis at Design Waterline
B. Select Interceptor Loading Conditions

The following section addresses the static stability conditions when the

mothership has less than full capacity of interceptor boats in the Mission Bay.

Figure 96.

TSUNAMI side look

The following conditions are modeled with no compensating ballast:

Five Interceptors secured in the Mission Bay
Two Interceptors removed from the same side of the Mission Bay
Two Interceptors Removed with one in Hoist Bay
Three Interceptors removed from the same side of the Mission Bay

Zero Interceptors in Mission Bay with one in Hoist

Mission Bay and Hoist Bay empty
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Figure 100. Resultant List and Trim from Partial Loading Conditions
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C. NAVY DESIGN DATA SHEET 079-1 REQUIREMENTS
The Department of the Navy DDS-079-1 outlines specific requirements for all
new designs of Navy ships to specifically meet. This report address the requirements for
high speed turn heeling, a 100 knot wind heeling, and heeling due to all personnel on
board standing on one side.
1. High Speed Turn
The parameters for the high speed turning calculations are as follows:

o Lever Arm between the Vertical Center of Gravity and the Center of
underwater volume (L) = 13.97 ft

o Tactical Radius of the Turn (Tr) = 1600 ft
o Gravity (g) = 32.2 ft/sec’

o Speed in the Turn (V) = 30 knots

o Angle of Incline (8) = radians

° Heeling Arm due to the Turn (HATurN)

The following equation from the DDS-079 was applied:

T V*Lcos(0)
H TURN ~— T
81ip
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Figure 103. Tsunami Righting Arm and Heel Due to 30kt Turn
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2. 100knot Winds

The design requirement, set by the Department of the Navy, expect that an intact
ship must maintain adequate stability in 100 knot wind velocities. More specifically,
ocean going ships must be expected to weather the full force of tropical cyclones. These
ships include those which are expected to move with amphibious and striking forces.
The DDS-079-1 requires that the intersection where the heeling curve resulting from a
100 knot wind crosses the righting arm curve of the ship is not greater that 0.6 of the
maximum righting arm. In the case of the Tsunami hull, the equilibrium point is 0.035 of

the maximum righting arm.
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Figure 106. Tsunami Righting Arm with 100kt Beam Wind
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Figure 107. Heeling Angle for 100kt Beam Wind
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Figure 108. Heeling Curve for 100kt Beam Wind




3. 400 Personnel Crowding

Design Data Sheet 079-1 provides guidance for the crowding of a large number of
personnel on one side of the ship which results in producing a heeling moment. The
heeling arm curve intersection with the righting arm curve cannot exceed 0.6 the
maximum righting arm for the ship. In the case for the Tsunami hull, the heeling arm at

equilibrium is 0.005 the maximum righting arm.
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Figure 109. Tsunami Righting Arm with 400 Persons Crowding One Side
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Figure 110. Heeling Angle for 400 Persons Crowding One Side
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V. RESISTANCE

A REQUIREMENTS
Traceability Code (TC 2.3.2)

The mothership must be able to carry the full payload of interceptors 7000
nautical miles relatively fuel efficiently to the rendezvous location to deploy the fleet of

interceptors.
Traceability Code (TC 2.3.3/2.3.4)

The mothership must be able to maintain 20 knots cruising speed and 30 knots
sprint speed in sea state 5.
B. CENTER HULL

The center hull analysis of the Tsunami ship used the standard mono hull based
design analysis. Center hull offsets were input into the computer systems; there values
for resistance were generated. Viscous and wave making resistance calculations were

performed using the Holtrop method in the AUTOPWR/AUTOSHIP software package.
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Figure 112. Overall Resistance Curves for Tsunami Hull



C. SIDE HULL AND STRUTS

1. Viscous Resistance

For the fully submerged body, more specifically the side hulls of the Tsunami
Ship, the viscous frictional resistance are the driving component of total resistance. The

viscous resistance for the side hulls is calculated as;

R, :%pUzSCV (0.1)
Viscous resistance coefficient is,
C, =C.+C,+C, (0.2)

The viscous resistance coefficient for the side hulls consists of; the frictional
resistance coefficient Cg, the correlation allowance C, (which is assumed constant), and
the coefficient due to parasitic form drag C.. See table for viscous resistance results.

2. Frictional Resistance Coefficient Cr

Calculations of the frictional resistance coefficient are based of the International
Towing Tank Conference (ITTC 1957) Curve,

C, = 0.075 : 0.3)
(log10 Re— 2)

See table for frictional resistance coefficient values.

3. Correlation Allowance Coefficient Ca

The correlation allowance is assumed to be constant CA = 0.0004

4. Form Drag Coefficient C,

Due to the complexity of the form drag relation to boundary layers and flow
separation, an empirical calculation based on curve fitting of experimental data for the

form drag coefficient was applied (Al-jowder 1995). The following equation for the form

drag coefficient uses the coefficients from side hull geometry;

¢ - 0.00789D 04
L—1-L,C,, +L,C

a wsa

Form Drag, C,= 0.000719
5. Wave Resistance
Wave making resistance is the component of resistance associated with the energy

dissipated to the environment through; surface wave pattern resistance and wave breaking



resistance. Wave breaking resistance is assumed to be insignificant to overall resistance
for the side hulls since they are positioned 15ft below the surface. Wave making
resistance of the side hulls is considered to be significantly lower than the viscous
resistance. Additionally, based on the weight of the complexity of calculation versus the

impact on overall resistance, wave resistance of the side hulls is left to future research.

Based on the fact that the wetted surface of the struts on Tsunami is less than 10
percent of the wetted surface of the center hull, the significant coefficient of resistance

encountered with struts in tandem is deemed to be inconsequential to overall resistance.

Tandem Strut Predictions
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Figure 113. Coefficient of Resistance for Tandem Side Hull Struts

Considering only Froude’s Friction formula (Zubaly 2004), the resistance results
for a hypothetical combined strut on a single side is;

Sstrut = 3600 Sqft

LSTRUT =300 feet

V = 30 knots



0.0530

=0.00871 4+ ——— 0.5
/ (L+8.8) ©05)
RF — ﬁVl.SZS (0.6)

R, =15868.7lbs 0.7)

These results equate to roughly 2 percent of the resistance generated by the side hull and
center hull at maximum design speed. It can therefore be assumed for the purpose of this
report that the wave resistance of the struts will not affect horsepower calculations and
thus can be left for future research endeavor when finer calculations are required.
D. EFFECTIVE HORSEPOWER

The bulk of shaft horsepower (SHP) calculations, iterations, and detailed
discussion are left to the Propulsion section of this report. For the purpose of first run
calculations an assumed value for propulsion efficiency was 0.65. The calculation of
effective horsepower resulting overall hull resistance is carried out through the following;

(2RS1DE + Repnren > V
550

EHP = (0.8)

Total Effective Power
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Figure 114. Total Effective Horse Power



The figure below shows where the Tsunami hull characteristics fall within the
spectrum of modern warships. Based on the comparison of the Froude number and shaft
horsepower per tonnage, the Tsunami hull can be characterized as a fast aircraft carrier or
a heavy cruiser. At lower speeds the Tsunami hull falls within the region of auxiliary

vessels.
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[ Constants Centerhull Coefficients |
ship L 600 ft 1kt 1.6878 ft/sec Cwp 0.75
gravity 32.2 ftlsec’2 length 300 ft Cm 0.92
Center Hull Side Hull Total density 1.9876 Ib-sec"2/fth4 Cb 0.521
\Volume 495266.18 126902.087 749070.354  ft'3 Kinviscosity ~ 0.000012615 ft"2/sec ~  at 60F Cp 0.567
Displac 21417 LT Wetted 19363.133 ft"2
Shaft Efficient 0.72 *Note coefficients tabulated from max displacement
| Side Hull Resistance (EXCEL) | Center Hull (AUTOSHIP) | Combined | Horsepower
knots fi/sec Re Cf Cr Ca Viscous Resist Fn Holtrop resistance EHP SHP SHP/TON
1 16878 40137931.03 0.002388548  0.00071944 0.0004 192.30 0.01 369.32 561.62 23 321 0.000150034,
2 337% 80275862.07 0.002151209  0.00071944 0.0004 717.15 0.02 1356.53 2073.68 174 2379 0.001110787
3 50634 1204137931 0.002028418  0.00071944 0.0004 1553.01 0.04 2910.80 4463.81 554 76.93 0.003592158
4 6.7512 160551724.1 0.001947563 0.00071944 0.0004 2689.99 0.05 5008.68 7698.67 1215 17711 0.008269643|
5 8.439 200689655.2 0.001888131 0.00071944 0.0004 4121.66 0.06 763485  11756.51 2436 338.37  0.015799296
6 10.1268 240827586.2 0.001841568 0.00071944 0.0004 5843.30 0.07 10778.11 16621.41 413.6 574.48 0.026823745
7 118146 280965517.2 0.001803529  0.00071944 0.0004 7851.22 009 1443017  22281.39 647.3 899.00 0.041976074
8 135024 321103448.3 0.001771524  0.00071944 0.0004 10142.36 0.10 18586.54  28728.90 954.3 132539 0.061885065|
9 151902 361241379.3 0.001743995 0.00071944 0.0004 12714.20 011 2324989  35964.09 1,344.4 1867.25  0.08718563;
10 16.878 401379310.3 0.00171991 0.00071944 0.0004 15564.51 012 2843497  43999.48 1,827.9 2538.69 0.118536181
11 18.5658 4415172414 0.001698549  0.00071944 0.0004 18691.37 013 3417359  52864.96 24155 3354.80  0.156641903,
12 20.2536 4816551724 0.001679394 0.00071944 0.0004 22093.08 015 4051759  62610.67 3,119.2 4332.21  0.202279094
13 21.9414 521793103.4 0.001662058  0.00071944 0.0004 25768.07 016  47539.02  73307.09 39525 5489.51 0.256315771
14 236292 561931034.5 0.001646245 0.00071944 0.0004 29714.97 047  55327.70  85042.67 4,930.2 6847.55 0.319725169
15 25317 602068965.5 0.001631726  0.00071944 0.0004 33932.50 018  63987.02  97919.52 6,069.3 8429.54  0.393591026|
16 27.0048 642206896.6 0.001618317 0.00071944 0.0004 38419.47 019 7362852  112047.99 7,387.9 10260.97  0.479103956
17 286926 682344827.6 0.001605872 0.00071944 0.0004 43174.82 021 8435530  127530.12 8,905.4 12368.61  0.57751354
18 30.3804 722482758.6 0.001594269 0.00071944 0.0004 48197.53 022 9629244  144489.97 10,643.5 14782.63  0.690228987
19 32.0682 762620689.7 0.001583409 0.00071944 0.0004 53486.66 023  109659.20  163145.86 12,630.9 17542.97  0.819114083
20 33.756 802758620.7 0.001573208  0.00071944 0.0004 59041.32 0.24 12458880  183630.12 14,893.8 20685.90  0.965863675|
21 354438 842896551.7 0.001563596  0.00071944 0.0004 64860.70 0.26  140819.90  205680.60 17,434.6 2421468 1.130628773
22 371316 883034482.8 0.001554514  0.00071944 0.0004 70944.01 0.27 15784000  228784.01 20,2352 28104.50 1.312251837,
23 3881% 923172413.8 0.001545908 0.00071944 0.0004 77290.51 0.28  175463.70  252754.21 23,294.8 32353.88  1.510663688,
24 405072 963310344.8 0.001537736  0.00071944 0.0004 83899.50 029 19415880  278058.30 26,658.0 3702499  1.72876654
25 42.19 1003448276 0.001529959 0.00071944 0.0004 90770.32 030  214869.40  305639.72 30,411.9 42238.69  1.972203887
26 43.8828 1043586207 0.001522542  0.00071944 0.0004 97902.32 032  238695.50  336597.82 34,667.4 48149.20  2.248176669
21 455706 1083724138 0.001515455 0.00071944 0.0004 105294.91 0.33 26667830 37197321 39,544.4 54922.71  2.564444816|
28 47.2584 1123862069 0.001508673  0.00071944 0.0004 112947.51 0.34  299660.00  412607.51 45,158.0 62719.42  2.928487545)
29 489462 1164000000 0.001502172  0.00071944 0.0004 120859.56 0.35 33814250  459002.06 51,603.7 T1671.77  3.346489915)
30 50.634 1204137931 0.001495932  0.00071944 0.0004 129030.53 036 382151.60 51118213 58,939.1 81859.92  3.822193487|
31 523218 1244275862 0.001489933  0.00071944 0.0004 137459.90 0.38 43116270  568622.60 67,170.0 93291.69  4.355964245)
32 54009 1284413793 0.001484159  0.00071944 0.0004 146147.20 039 48414140  630288.60 76,245.4 105896.43  4.9445035
33 556974 1324551724 0.001478594 0.00071944 0.0004 155091.94 040 54037560  695467.54 86,134.5 119631.19  5.585805224
34 57.3852 1364689655 0.001473225 0.00071944 0.0004 164293.67 041  606022.70  770316.37 97,514.2 135436.32  6.323776556

Figure 117.

Resistance and Horsepower Data




V1. SEAKEEPING

A. REQUIREMENTS
Traceability Code (TC 2.3.3/2.3.4)

The Maritime Threat Response ship Tsunami must sustain mission operations in
Sea State 5 conditions. Mission operations include; recover interceptors, maintain 20

knots cruise speed, and launch aircratft.
Traceability Code (TC 2.3.1/2.3.4)

The Tsunami ship must sustain support operations for the inspection team through
the duration of the mission. The mothership must not be hindered by external forces
while transiting with merchant traffic.

B. UNIQUE SHIP DESIGN CONSIDERATIONS

To ensure the best possible ride for the Tsunami ship, to ensure mission success,
the design team implemented the SWATH design for the side hulls of the ship. Research
has shown that the SWATH design reduces the natural period of the heave of the ship by
14 percent. This reduction in the heave motion allows for a sizable damping force during
hoist operations. The specific shape of the side hulls directly attribute to the heave
damping. When the horizontal axis of the hull is 1.4 times that of the vertical axis, a 14
percent reduction in heave can be achieved. The side hulls of the Tsunami are 28 ft
horizontal and 20 ft vertical elliptical hulls.

The heave natural period for the side hulls of Tsunami were determined using the

following calculations:

V{144, ..
Typaye =27 ( s ) (0.9)
g4,,
A% = the displaced volume of the side hulls
Apydro = the hydrodynamic heave added mass divided by the side hull mass
g = gravitational acceleration

Awp = total waterplane area



C. SEAKEEPING ANALYSIS
The sea keeping analysis for the Tsunami hull was conducted using the MATLAB

computer software generated for the Total Ship Systems Curriculum. The MATLAB

code calculates the motion of the ship using motion simulations with excitations inserted.
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Figure 118. Ship Heading and Speed vs. Wave Heading Polar Plot

The figure above defines the polar plots of the MATLAB code. The table below
shows the standard criterion used in sea keeping analysis. The roll criteria for the
Tsunami doubled the standard criteria. By doubling the roll criteria values, the design
team is able to model the reduced heave expected by using the SWATH hull designs on
the side hulls.

The criteria for the wetness events experience at the mission door to emphasize
the need for dry deck conditions. This allows for a more conservative estimate of the sea
keeping of the Tsunami. Criterion for pitch, vertical acceleration, lateral acceleration,

and slam acceleration were left as standard values.



An additional criteria implanted by the design team is a limit based on
pendulation of the hoisted interceptor. This limit is imposed to mitigate the slamming of
the hoisted interceptor into the sides of the hoisting section of the mothership. Although
the hoist is designed to take advantage of the stability of a trapezoidal configuration, an

additional level of safety will ensure any possible oversights would be compensated.

Response Location Standard MTR
Criterion

Roll (deg) Ship 25 5
Pitch (deg) Ship 2.5 2.5
Vert. Accel. (g) Mission Bay 0.2 0.2
Lat. Accel. (@) Mission Bay 0.1 0.1
Slam Accel. (g) Bow 0.2 0.2
Wetness (events/hr) | Mission Bay 30 15
Pendulation (MTR) Suspension point NIA 15 deg

Figure 119. Standard Criterion for Sea Keeping Analysis

The operational envelops show the maneuvering ranges in which the Tsunami
ship can operate in varying sea states. As can be observed, operation only begins to be
affected at sea state 3. At sea state 4 the ship is restricted from waves 080 thru 100
relative and 260 thru 280 relative. At sea state 5, these bands expand to 060 thru 100
relative and 260 thru 310 relative. It should be noted that these bands are not restrictive

at all speeds.
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Figure 121. Operational Envelopes: Sea State 5 thru 8



The following series of figures show the results for the various specified criterion;
roll, pitch, vertical acceleration, lateral acceleration, slamming acceleration, mission bay
door wetness events per hour, and pendulation at sea state conditions ranging from 1 to 8.

1. Pendulation Motion

The seakeeping analysis results show only a minor degradation in operability
between sea state 2 and sea state 4 due to pendulation motion. Pendulation motion refers
to the motion the ship imparts on the hoist system while an interceptor is suspended over
the moon pool. At sea state 5, the limit to pendulations is reached when waves are
encountered through all speed ranges and between 060-100 and 260-300 relative to the
bow. A significant reduction in operability occurs at and above sea state 6. In this case,

in order to maintain operability, wave encounter must be kept close to or on the bow.
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Figure 122. Pendulation Motion: Sea State 1 thru 4
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Figure 123. Pendulation Motion: Sea State 5 thru 8

2. Wetness Events

Wetness events refer to the elevation of the designated opening reaching the wave
crest model. In other words, the number of times per hour a wave would be expected to
enter the mission bay while the mission bay door is open. Since the mission bay is
considered shelter for the interceptors, it is imperative that wetness events be minimized.
In that respect, the criteria limitation imposed on the MATLAB analysis is reduced by

half, thereby imposing a stricter limit to operational envelopes.

The results of the analysis show that only minor wetness events develop in sea
state 4 when waves are encountered greater than 27 knots and 070 or 290 relative.
Wetness events develop in sea state 5 when the ship is traveling in excess of 25 knots
with waves encountered between 050 thru 090 or 310 thru 270 relative. In sea states 6 or
greater, wetness events may be avoided only with waves abaft of the beam but not
directly astern. These results only designate times where the mission bay door should be

kept closed to avoid a wetness event in the mission bay.
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Figure 124. Wetness Events Per Hour: Sea State 1 thru 4
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Figure 125. Wetness Events Per Hour: Sea State 5 thru 8



3. Accelerations

The restrictions imposed of the slam acceleration, vertical acceleration, and lateral
acceleration is the same standard for all naval vessels. Due to the slenderness of the bow
of the ship for wave cutting potential, the designers were expecting the sea keeping
analysis shows significant values for slam acceleration at all sea states. There is
significant slam acceleration for sea states at or above sea state 6 when waves are
encountered forward of the beam. However, for typical seas expected on the mission, i.e.
sea state 4 and sea state 5, the levels of slam acceleration, vertical acceleration, and

lateral acceleration are well within the designated limits.
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Figure 126. Slam Acceleration of the Bow: Sea State 1 thru 4
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Figure 127. Slam Acceleration of the Bow: Sea State 5 thru 8
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Figure 128. Lateral Acceleration: Sea State 1 thru 4
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Figure 130. Vertical Acceleration: Sea State 1 thru 4
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Figure 129. Lateral Acceleration: Sea State 5 thru 8
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Figure 131. Vertical Acceleration: Sea State 5 thru 8

4. Pitch and Roll Angles

The pitching and roll analysis will show if there is a necessity for the addition of
stability control surfaces. The criterion values for pitch and roll in the MATLAB
analysis of the Tsunami ship are same as the standard for all naval vessels. The results for
pitching show no significant limitations until sea state 6. The interpretation of the results
show there is no need for a control surface to be located on the bow which would be used

to mitigate excessive pitching.

The roll analysis shows limiting values for roll develop at sea state 2. This is
however if waves are encountered directly on the beam. The trend shows that these
limits stay relative restricted to the beam up to sea state 5. The limitation band begins to
expand to all relative bearings forward of the beam. The limitation of roll imposed on the
Tsunami ship is 5 degrees. This was determined to be the maximum desired angle while
conducting mission bay operations. This in no way affects the operability of the ship

itself, only the ability to load, launch, and traverse interceptors through the mission bay.



In this instance, it may be deemed necessary to had stability control surfaces to the ship

to ensure level deck operations can be conducted at all times.
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Figure 132. Pitch Angles: Sea State 1 thru 4
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Figure 133. Pitch Angles: Sea State 5 thru 8
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Figure 134. Roll Angles: Sea State 1 thru 4
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Figure 135. Roll Angles: Sea State 5 thru 8



5. Sea State 5 Summary

Cperating Ervelope: Ses State 5

180

Figure 136. Sea Keeping Envelope for Mission Threshold Requirements
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Figure 137. Sea Keeping Analysis for Sea State 5



The resulting operational envelopes imposed on the Tsunami mothership over the
duration of the mission are based on the combined results of the seakeeping analysis for
sea state 5. The operational envelop for a 20 knot ship speed is limited to waves
impacting the hull outside 045 to 100 degrees relative to the bow of the ship and 315 to
260 degrees relative.

D. ENVIROMENTAL APPLICATION

Based on the designed concept of operations for the Maritime Threat Response
mission, the Tsunami ship will generally be operating in the Northern Pacific ocean,
making the great circle route from the Philippine Islands to San Francisco. Using data
compiled by the United States Naval Oceanography Command, the design team created a
model of expected wave and wind conditions for the operational area which have been

applied to the sea keeping analysis results and resultant operational index.

The North Pacific Ocean wave model assembled by the Naval Oceanography
Command was used to identify data points where the Tsunami ship will be in the vicinity
of while conducting its mission transiting the great circle route with merchant traffic.
The following data points of the March 1985 Northern Pacific atlas was used in this
analysis; 41, 33, 34, 26, 23, 19, 22, 20, and 18. Although the bulk of loading and
unloading should occur in the vicinity of markers 33 and 34, the necessity to load and
unload interceptors through the duration of the mission is possible and expected. Based
on the results of the sea keeping analysis, the most detrimental waves are approximately
045 to 100 and 260 to 315 relative to the bow of the ship. Since the ship is expected to
travel the great circle route, a steady course of 043 True is assumed for eight day mission

duration.

The data from the Oceanographic Atlas provides wave height and primary wave
direction over annual periods for a 12 year span. The data was taken to calculate the
probability of the mission encountering waves at a 12 foot height (i.e. Sea State 5) or
greater, on the courses that would be detrimental to mission operations. The results show

the probability of a DELAY in mission progression over the duration of an 8 day mission.



Marker SeaState5 >SS5 Port bow Stbd bow % Impact
41 0.04 0.06 0.19 0.10 1.32%
33 0.06 0.07 0.10 0.04 1.30%
34 0.11 0.08 0.09 0.11 2.49%
26 0.12 0.15 0.08 0.12 3.97%
23 0.16 0.20 0.05 0.18 6.05%
19 0.17 0.26 0.06 0.14 6.74%
22 0.18 0.24 0.04 0.21 7.96%
20 0.17 0.24 0.02 0.19 6.60%

Figure 138. Limiting Sea State Event Probabilities and Impact on Mission Duration

The second and third columns of the table above shows the percentage of waves
encountered that were Sea State 5 or greater. The fourth and fifth columns show the
probability that those waves would impact the ship outside acceptable operational
envelopes. The final column shows the calculated probability that the ship would have to
change course to load and unload interceptors due to restrictions of the operational
envelope. Taking the geometric mean of the percent impact on the mission at each

marker results in an overall mission impact of 3.72%.

In other words, there is a 3.72 percent chance that the mothership will have to
maneuver to a new course to launch or recover an interceptor. This may result in a
zigzag route taken by the mothership to maintain progression over the great circle route

with merchant traffic.
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Figure 139. US NAVY Wave Model Climatic Atlas Data Markers, March 1985



11

PRIMARY WAVE DIRECTION

294 MM1249 C N NL C SC 5 SW W NW u
% PRI WAVE CSR 002 027 019] D11 00B| D059 0.0B 0.1 0.1
— 20 001 025 025 025 025 025 001 025 025
E 16| 025| 025 025] 025) 025 025] 0.25] 025 0.25
; 5 i A5 3 1 1] 7R i i i i
3 B 1 B 3 1 1 2 1 2 1
g 1 B B 4 2 2 Z Z i
PERCENT OF WAVES IN PRIMARY DIRECTION WITH HEIGHT X
Figure 140. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 41)
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Figure 141. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 33)
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Figure 142. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 34)
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Figure 143. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 26)
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Figure 144. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 23)
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Figure 145. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 19)
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igure 146. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 22)
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Figure 147. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 20)
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Figure 148. US NAVY Climatic Atlas Data: North Pacific Ocean (Marker 18)



E. OPERATIONAL INDEX

If the mission is to continue for eight consecutive days, and the recovery of
interceptors consist of 0.3 total mission time, the 3.72% probability that the waves would
not be in the operational envelope would cause a possible maximum 2.2 hour delay in
mission ship progression. Based on the concept of operations, a 12 hour delay is the
maximum limit not to interfere with shipping. Thusly it can be concluded, a maximum
2.2 hour delay is well within the threshold requirements of the concept of operations, a
therefore, a zigzag maneuver will not be necessary. Due to the stable design of the
Tsunami ship and vertical location of the mission deck, mission success is not affected by
environmental variations. As a result of this analysis, all design requirements for sea

keeping are met.
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Figure 149. Opverall Operational Envelopes for Sea State 4 through 7



Figure 150. Operational Envelope Based on various Mission Bay Door Heights
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Figure 151. Overall Operability Index for Various Sea States
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Figure 152. Operability Index as function of Mission Bay Door Height



VII. ANALYSIS OF WAVE MOTION

A INTRODUCTION

This section analyzes the wave characteristics generated by the center hull at
various speeds in calm waters. The unique design of the center hull was chosen to
enhance high speed efficiency as well as reduce or reposition the wake generated by the
center hull. Reducing the wake at the immediate stern of the center hull is important to
the MTR mission due to the necessity to bring an interceptor in at close range to allow
hook up to a hoisting mechanism. By reducing or repositioning the wake further down
stream from the stern of the center hull, the interceptor (more specifically the crew) will

have less instability while hooking the hoist cables to the interceptor.

All the analyses were performed using the SWAN2 wave motion simulator
software. All the offsets for the center hull were converted to SI units and set with the
origin at the mid-ship position. Only 15, 20, 25, and 30 knot speeds were simulated to
provide data to verify position and magnitude of the wake. A series 60 cruiser hull was

also simulated to provide comparison data.

Figure 153.  SWAN2 Wave Contour at Cruising Speed



Figure 154. SWAN?2 Mesh Data T-Center hull at cruising speed
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Figure 155. SWAN2 Wave Data Tsunami Center Hull at cruising speed



Ty
07E
0B
0.51
0.3&

|

L=

100

Figure 156. Tsunami Center Hull Pressure Distribution

B. SWAN2 ANALYSIS

The pressure distribution over the center hull of the mothership shows a well
distributed high pressure area on the bow of the ship. At the area approximately 450 feet
from the bow where the bottom of the hull begins to slope upward to the waterline shows
a low pressure area. Since there is no propulsion at this position and added buoyancy

from the side hulls will minimize squat, this region has little effect on the ship.

The following figures show the position of the wake wave and wave height
relative to the stern of the center hull of the Tsunami mothership. For the analysis at

15kts, the wake position is approximately 98 feet aft of the transom of the center hull

with a maximum wave height of less than one foot.
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Figure 157. Wave Contours at 15kts

The SWAN?2 analysis of the Center hull at 20 knots shows the position of the
wake approximately 147 feet aft of the transom and a maximum wave height of 3.5 feet.
The 147 feet places the wake wash between the area expected for towing operations hook
up and the hoisting area. The interceptor would not be expected to transit through this
wake zone under its own power, instead it would be towed through using the towing gear
on the mothership. The towing operation would mitigate any instability that would be

expected from attempting to control the interceptor with its own water jet engines.
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Figure 158. Wave Contours at 20kts

The SWAN2 analysis of 25 knots shows very little difference in wave position or
wave height from 20 knot analysis. However, the wave position does move closer to the
transom of the center hull to approximately 100 feet aft of the transom. This would
probably be considered the limit to which the interceptor can remain stable during hoist

hook up procedures.

Analysis of the center hull at 30 knots shows a reversing shift in the position of
the wake and a larger wave height. Interceptor operations would not be expected when
the Tsunami mothership is transiting at 30 knots. The wake position reverts back to the
147 feet behind the transom of the center hull. However, a 6 foot wake wave now
develops. This is perfectly acceptable within the archway of the hoist bay since there are

no weather decks in this area close to the waterline.
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Figure 159. Wave Contours at 25kts




Figure 160. Wave Contours at 30kts
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Figure 161. Series 60 Cruiser Analysis

The comparison of the Tsunami center hull to the series 60 cruiser test hull shows
a significant difference in the position of the wake. On the Series 60 hull, the
approximately 4.5 ft wake wave is directly behind the stern of the ship where on the
Tsunami center hull the 3.5 ft wake wave is positioned approximately 147ft aft of the
stern of the center hull. This analysis shows that the design of the center hull satisfies the
requirement to position interceptors directly behind the center hull for loading and

unloading into the mission bay.

Additionally, the maximum magnitude of the wake wave height is significantly
less than that of a smaller cruiser. This reduces the amount of turbulence the pilot of the

interceptor would expect when making his approach on the Tsunami mothership.



VIIl. COMPUTER SOFTWARE SYSTEMS

The following computer programs were used in the development and analysis of

the TSSE Maritime Threat Response Tsunami hull:

A. RENDERING SOFTWARE

SOLIDWORKS
RHINOCEROS 3.0 / FLAMINGO
AUTOSHIP 6.0.1

B. ANALYSIS SOFTWARE

RHINOMARINE
Geometry Calculations
Stability Calculations
AUTOSHIP / AUTOPWR 6.0.1
Resistance and Effective Horsepower Calculations
Geometry Verification
EXCEL
Maritime Applied Physics Comparison Program
Resistance Calculation Verification
Center Hull Offsets and Geometry Verification
Risk Assessment
Wave Probability Predictions
MATLAB 7.0
Side Hull Geometry Calculations
Sea keeping Calculations
SWAN2
Wave Motion Analysis



IX. MATLAB CODES

A. SIDE HULL GEOMETRY CALCULATION CODE
function [f] = funcwsf (nf, x)

£ = (1-x"nf) " (1/nf);

nf = 2;

F=Q (x) (1-x."nf) .~ (1/nf);

Cwsf = quad(F,0,1)
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l. DESIGN PHILOSOPHY

The MTR hull is designed around two driving factors: the unique shape for
seakeeping, and the Mission Bay. The arrangement of the ship’s spaces, therefore, was
also constrained by these factors. Whereas traditional ship design methods might start
with the placement of main spaces, auxiliary spaces, and major combat systems, the
placement of the Mission Bay took precedence in this case. The hull is designed to
facilitate the hoisting and maneuvering of an Interceptor immediately astern of the center
hull. Therefore, the Mission Bay begins at the extreme after end of the center hull to
minimize the distance an Interceptor needs to travel to reach its storage location. Main
spaces, tankage, and other vital spaces in the ship were then placed around the Mission
Bay, taking into account weight, survivability, and ease of transit throughout the ship.
The size of the Mission Bay drove the overall dimensions of the ship, making the amount
of available internal volume much greater than that needed to man and run the ship. Care
could be taken, therefore, to ensure crew comfort, increase the mission flexibility for
secondary missions, and build redundancy and survivability into the ship wherever

possible.



Il.  GENERAL ARRANGEMENTS

The goal of the design team was to separate the ship into several well-defined
sections. Engineering spaces are separated from living spaces, which are generally
separated from aviation spaces, and so forth. The Mission Bay serves as a divider
between many sections, helping to describe the layout of spaces. A brief description of
this system of sections is provided below.

A LIVING QUARTERS

Forward of the Mission Bay, the First, Second, and Third Decks contain the
majority of the living quarters. They are separated from the Main Engine Rooms and
aviation spaces, which should maximize crew comfort with respect to noise. The
Auxiliary Engine Room (on the Fourth Deck just below and astern of this section)
containing the diesel generators should not provide a significant noise problem, as the
generators will normally not be in use for the MTR mission. Living quarters for officers
and senior DOE/riders are located on the Main Deck, directly above the Mission Bay.
The Crew Training and Fitness Center (CTFC) are also located on this deck.

B. ENGINEERING SPACES

There are three general locations of engineering spaces on the ship. In the center
hull, the engineering spaces are confined to the lower three decks (Four, Five and Six).
This was done both to separate the spaces from the living quarters and to place heavy
objects as low in the ship as possible for stability. The heavy diesel generators, APU, and
much of the DC equipment onboard the ship are located here. Another benefit of placing
the engineering spaces here is that Decks Four, Five, and Six span the length of the center
hull without interruption. A fire in one of these spaces is accessible from forward or
astern of the space, which is critical to the survivability of the ship. This location also
aids in critical functions such as fuel transfer from the tanks in the center hull to the gas

turbines aft.

The second general location for engineering spaces is above the side hulls astern
of the Mission Bay. The Main Engine Rooms (MER) are located here, spanning Decks

One, Two and Three immediately aft of the Mission Bay. The gas turbines are located on



Deck Two, in MER #1 and #2, Middle Level. Though well above the waterline (placing
weight high), this choice was made to reduce the detrimental effect of the gas turbine
intakes and exhaust plenums. In addition, this location is convenient for the crew, as
access to the MERs can be found on the Main Deck via ladder well outboard of the

hangars, or at the after outboard corners of the Mission Bay on the Third Deck.

The third general location for engineering spaces is within the side hulls. The side
hulls are well below the waterline, most likely to suffer vibration and noise problems, and
are presumably the least comfortable and least accessible location aboard the ship. For
this reason, the HTS motors and necessary support equipment take up the majority of the
manned spaces within the outer hulls. The motors should require relatively little
maintenance, so accessibility is not an issue. In addition, placing the motors here allows
the screws to be as deeply submerged as possible, increasing their effectiveness.

C. OPERATIONS SPACES

The MTR ship does not require a large amount of operations or combat systems
space. However, care was taken to ensure that these spaces would be co-located as much
as possible. The 01-Level (forward) contains the bridge, chart room, combat information
center (CIC), and commanding officer’s stateroom. The generous allotment for each of
these spaces should easily accommodate the command and control, navigation, and
mission planning needs of the ship. Immediately below on the Main Deck, the ship’s
wardroom is also large, built to accommodate mass briefings and meals for a large officer
contingent. A well-appointed wardroom lounge just astern of the wardroom itself should
make the wardroom easily available as additional workspace when not in use. Also on the
Main Deck are equipment spaces for combat systems and a common office complex
(COC) for ship’s officers. Living quarters located nearby are for ship’s officers,
Interceptor officers, senior DOE/riders, and aviators. This allows the officers easy access

to office space, but keeps them close to battle stations in case of emergency.

Though possibly better described as an engineering space, the Central Control
Station (CCS) is also located on the Main Deck near the COC. This location is useful in
that other ship control stations are nearby. Though the Fourth Deck would provide space

for CCS, its location well below most of the other key watch stations and not more



convenient to MER #1 or MER #2 than the Main Deck makes it less than ideal as a
control station. CCS also serves as Damage Control Central, providing centralized
support for topside, aviation, Mission Bay, living quarters, and engineering spaces.
D. AVIATION SPACES

The spaces designated for aviation are aft on the Main Deck and on the 01 Level
at the after end of the hangar bays. The obvious reason for this is the location of the
Flight Deck. The aviation spaces are large, able to easily accommodate two aircraft, and
capable of surging to support many more. A twenty-foot-wide area between the hangars
holds offices, storerooms, and a weapons magazine. The helicopter control tower is
located between the hangars on the 01 Level, providing an excellent view of the Flight
Deck. Weapons stations at the corners of the Flight Deck are recessed below the Main
Deck so as to minimize any impact on flight operations.
E. MISSION BAY

This is the main purpose of the MTR ship. The Mission Bay contains the six
interceptors, the transport dollies, and all necessary support equipment to facilitate the
mission of the ship. The space is designed to be as wide open as possible, both to
facilitate the movement of Interceptors within the bay, and also to ensure that the ship has
flexibility for other missions. This cavernous space covers nearly half the ship’s length,

and also nearly half of the height.



I11. LOCATIONS OF HEAVY EQUIPMENT

One of the most important considerations to be made in the arrangements was the
placement of heavy items aboard the ship. As described in the hydrostatics, the ship’s
longitudinal centers of buoyancy and gravity needed to align perfectly, and consideration
was made to ensuring that the KG was also kept as low as possible to improve the ship’s
roll stability. To facilitate this process, a table of weights and centers was developed. A
significant amount of integration went into this process. Propulsion, electrical, and
operational decisions governed the locations, sizes, and weights of equipment and
tankage as well. A few of these integration factors are outlined below.

A. POWER GENERATION SYSTEMS

Early in the design process, the decision was made to work with all-electric
propulsion and power. This decision provided considerable flexibility for the placement
of vital equipment, as the power generation machinery need not be co-located with the
propulsion system. A redundant configuration of two gas turbine generators and two
large diesel generators was chosen to meet the power loads required to operate the ship.
To improve ship survivability, the design decision was to physically separate the diesel
generators from the gas turbines. As a result, the gas turbine engines are located well
above the waterline aft of the Mission Bay above the side hulls, while the heavy diesel
generator sets are located forward of the Mission Bay below the waterline in the center
hull. The configuration results in three engine spaces (the gas turbine generators each
occupy separate spaces straddling the open area between the side hulls) widely separated,
which is a great advantage in terms of casualty or damage control.

B. TANKAGE

With the power systems identified, a spreadsheet was developed to determine the
amount of marine diesel fuel (DFM) required to meet the mission requirements. The
spreadsheet accounts for the expected fuel consumption rate of the ship during a nominal
mission, taking into account the types of engines in use, the specific fuel consumption,
and the duration of the mission. The basic assumption was that the ship would generally

operate at a 20-knot cruising speed in accordance with the concept of operations



(CONOPS), but would spend about 20% of the time at full power. In addition, a margin

was added to account for uncertainties.

Another significant source of fuel requirements for this ship is the Interceptors.
With expected full boarding mission duration of seven days, each Interceptor was
expected to require fuel every 48 hours. Using the Wally Power 118’ fuel tank size as a
baseline, and accounting for six interceptors, the appropriate fuel requirement was

derived, with another margin for uncertainties.

A third and final source of fuel requirements is for aviation. Here, an assumption
was made that the ship may encounter a need to host significantly more capability than is
expected for organic aviation support for the MTR mission. Expecting to operate two SH-
60 airframes for 10 flying days and two full fuel loads per day each, a further requirement
was added to support a similar amount of flight hours for two MV-22 aircraft. This more
than doubles the aviation fuel requirements, but stretches the capability and timeliness of
the MTR ship’s deployment schedule by allowing the ship to leave port without some of
the ship riders. A steady stream of cargo and personnel can flow from shore to the MTR
system at sea until outside of MV-22 range without impacting the effectiveness of the

MTR mission.

With the baseline fuel requirements determined, another margin was added to
ensure that the ship would retain a significant quantity of fuel at the end of a nominal
mission. Table 1 outlines the fuel consumption estimates used in this analysis.

C. PROPULSION SYSTEMS

With the design decision for all-electric propulsion, the next milestone was to
determine the type of propulsion to utilize. The decision, discussed elsewhere, was to use
conventional screws located at the stern of the outer hulls. The chosen prime movers,
therefore, were located immediately forward of the screws to eliminate the need for
heavy shafting and take advantage of the ability to place such heavy objects low in the
ship. The frequency converters for the prime movers are located several decks above the
motors, immediately astern of the gas turbine generators. This decision co-locates the

frequency converters for propulsion with the ones required for power distribution, also



minimizing the length of heavy cabling required between the motors, generators, and

converters.

TSUNAMI
Fuel Consumption Calculations

Mothership Fuel Usage

Cruise (20 kt) SFC (ft"3/hr): 227.468
Sprint (25+kt) SFC (ft"3/hr): 44384
Percent sprint: 20

Hotel load SFC (ft"3/hr): 22.30851
Range@20 kts (NM): 10000
Subtotal Main Fuel Estimate: 146525.5
margin (25%): 36631.36
Total Fuel Consumption (mothership): 183156.82 fta3

Interceptor Fuel Usage

Fuel Tank Capacity (ft"3): 778.0208

Time Between Fuelings (hours): 43

Number of Interceptors: 6

Subtotal Interceptor Fuel Estimate (ft"3): 16338.44 *Value based on 7 mission days of interceptor operations
margin (20%): 3267 687

Total Fuel Consumption (interceptor): 19606.125 ft 3

Aviation Fuel Usage

AT Type #1: MY-22
Fuel Tank Capacity (type 1) (ft*3): 2723073
Number onboard: 2
Anticipated flights/day: 2
AJC Type #2: HH-60H
Fuel Tank Capacity (type 2) (ft*3): 110.9549
Number onboard: 2
Anticipated flights/day: 2
Fuel consumption (A/C Type #1): 10892 29 * These values are based on 10 flying days/mission
Fuel consumption (A/C Type #2): 4438194 * These values are based on 10 flying days/mission
margin (20%): 3066.097
Total Aircraft fuel requirement: 18396.583 fta3
Required Fuel Onboard (Mothership) 183156.8 5756.357 0.828166 percentage
Required Fuel Onboard (Interceptor): 19606.12 616.1925 0.088652 percentage
Required Aviation Fuel Onboard 18396.58 578.1783 0.083182 percentage
1194.371
Total Fuel Tankage: 243275 ftr3 * Value accounts for all required usage estimates

+ 10% additional margin

6438.112 LT of fuel

Figure 162. TSUNAMI fuel consumption estimates for tankage arrangements



D. MISSION BAY SYSTEMS

A critical component in terms of weight and stability is the Mission Bay itself.
The ship is designed to hoist, traverse, and store up to six Interceptors, at an estimated
weight of 100 LT each. This is a significant cargo, even for a ship displacing 20,000 tons.
In addition, the pallets carrying the Interceptors are not light, and the Mission Bay is
envisioned to have a large door at the stern to prevent swamping the Mission Bay while
not in use launching or recovering Interceptors. These weights could not be moved
significantly within the Mission Bay for equipment placement, but were certainly taken
into account while placing other equipment in the ship.
D. GROUP WEIGHTS AND CENTERS

Armed with a general location of major equipment, tanks, and machinery, an
effort was made to determine just how much of the ship’s total displacement would
consist of non-structural components. To aid in this effort, the MTR Team chose to
utilize the Rammstein database available within the TSSE shared electronic library.
Dividing the ship’s components into major groups along conventional lines, the team
either placed actual weights (where known from design decisions) or assumed weights
(derived from Rammstein database information conforming to either Arleigh Burke
DDGs or San Antonio LPDs depending upon the type of equipment) to fill in as complete
a preliminary table as possible. Loads were then given locations conforming to spaces
identified on the ship and moved until the estimated LCG aligned with the LCB from our
hydrostatic data. Another assumption made was that the preliminary group weights and
centers table is incomplete, so the total weight of non-structural loads was then computed
by dividing the subtotal by 0.8 to arrive at an assumed non-structural load total. The
margin weights were assumed to be evenly distributed throughout the ship for ease of
computation. From the non-structural load computation, an estimate could be made for
the “budget” of available structure weights by subtracting the value from the ship’s
design displacement. Table 2 below lists the partial group weights and centers as

developed in the weight study described.



TSUNAMI Group Weights and Centers

Location
Group Index  Sub-index Description Weight (LT) Longitudinal lcg Transverse tcg Vertical veg
100 Hull Structure
101 Hull Plating 4500 ? 0 0 35 157500
102 Keel 500 ? 0 0 i} 3000
103 Longitudinals 1200 ? 0 0 a5 42000
104 Transverse Framing 1100 ? [i] 0 a5 38500
105 Deck Plating 1000 ? 0 0 40 40000
106 Mission Bay Transverse Framing 600 ? 0 0 80 48000
107 Sirut Framing 1100 ? 0 0 7 20700
108 Rudders 19.8 810 16038 0 0 15 297
109 Fuel Tankage 0
1091 DFM 5407 550424 407.344 2202733.22 0 0 18.203 9892031997
100.2 JPS 1123.307576 407.344 457572.6012 0 0 18.203 20548 5654¢
110 Potable Water Tankage 50.58 550 32769 0 0 25 14895
Group 100 Total 16610.24 409 84 0.00 28.30
200 Propulsion
201 HTS Motars 147 64 760 112206.4 1] 0 3 442 92
202 Propellers 30 810 24300 0 0 10 300
203 Shafts 0 0 0 0 10 0
204 Cahling 0 0 0 0 a3 0
205 Auxiliary Propulsion Systems 33.46 110 3680.6 1] 0 25 8365
Group 200 Total 2114 664.08 0.00 TA48
300 Electrical
am Gas Turbine Engines 433 645 279285 o 0 58 25114
302 Gas Turhine Generators 66.92 670 4483564 a 0 58 3881236
303 Diesel Engines 80 200 16000 0 0 2 1760
304 Diesel Generators 43.42 220 9552.4 0 0 22 955.24
305 Freguency Converters a7.84 720 Tod44.8 1] 0 54 5772 58
306 Fuel Gil Service Systems 11.53 620 71486 1] 0 30 3459
o7 Lube Oil Service Systems 8.67 650 5635.5 0 0 30 260.1
308 ZEDS
ansA Zone IPCs 24 410 9340 0 0 45 1080
3082 Fower Bus Systems 435 410 17835 0 0 45 1957.5
3083 Shore Power Systermns 357 650 23205 [i] 0 80 2856
3084 Cabling 106.13 410 435133 0 0 45 477585
Group 300 Total 528.88 482.25 0.00 44.60
400 Command and Surveillance
40 Mavigation Systems 6.07 250 1517.5 0 0 100 607
402 Intemal Communications Suite 8261 410 338701 0 0 45 371745
403 External Communications Suite 50.64 320 16204.8 0 0 a0 4557.8
404 Combat Information Center 51.06 320 163392 1] 0 a0 4505 4
Group 400 Total 190.38 356.82 0.00 70.79
500 Auxiliary Systems
501 Potable Water Systems 41.01 275 11277.75 0 0 40 16404
502 Gray Water Systems [i] 0 15 0
503 CHT Systems 12.65 410 5186.5 0 0 25 316.25
504 Damage Conirol Systems
5041 DC Equipment 5 400 2000 1] 0 35 175
504.2 Fire Main Piping 12713 410 521233 0 0 35 444955
6043 Fire Pumps [} 400 2400 0 0 20 120
6044 AFFF Systems 46.59 500 23295 0 0 45 2096.55
504 5 Halon Systems 5 400 2000 [i] 0 45 225
505 Fuel Transfer Systems
5051 Aviation 56 620 3472 0 0 70 392
6052 Generators 0
505.3 Interceptor 0
5054 Refuel-At-Sea 3322 600 18932 1] 0 75 24915
506 Steering Systems 20 ao0 16000 [i] 0 40 00
507 Refrigeration Systems
5071 Food Storage 2 150 300 0 0 40 a0
507.2 Cryogenics 0 0 0 5 0
5073 Air Conditioning 8 410 3280 1] 0 35 280
50731 Crew Spaces 1]
507.3.2 Equipment Cooling 0
508 Galley Systems 5 150 750 0 0 &7 335
509 Fresh water Disfribufion Systems 2 400 800 1] 0 35 70
510 Recovery Assist Secure and Traverse System 3083 720 21976 [i] 0 68 2096 44
511 Anchor 5 30 150 0 0 ] 340
512 Capstans 35 50 175 0 0 70 245
513 Anchor Chain 10 50 500 0 0 a2z 320
514
Group 500 Total 368.53 450.00 0.00 4470
800 Outfit and Furnishings
601 Living Quarters 20 200 4000 1] 0 55 1100
602 Messing 5 200 1000 0 0 67 335
603 Heads 5 200 1000 0 0 55 275
604 Lounge Spaces 5 410 2050 0 0 55 275
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IV. LOAD DISTRIBUTION DIAGRAM

Structural analysis and development of the scantlings are discussed in another
portion of this appendix. However, the development of the load distribution diagram
came from the placement of the heavy items, including the previously mentioned
machinery, Interceptors and tanks. To model this in a usable format, a spreadsheet was
developed in which loads were distributed in one-foot increments. This allowed for an
extremely accurate estimate of the load curve, which was in turn able to be applied to the
calm water and wave loading curves to develop load distribution, shear force, and
bending moment diagrams. This information provided the starting point for the structural
analysis of the MTR ship. Included below are the loading diagram, shear force diagram,

and bending moment diagrams for calm water.

For the hogging and sagging conditions, the team chose to model the ship in
extremes. Rather than compute the response of the vessel in a trochoidal wave with peaks
or troughs at the forward and aft perpendiculars, the ship was modeled in hog as a hull
girder with the entire ship’s displacement concentrated as weights at the extremities (100
feet in from the bow and stern), and the entire buoyant force applied at midships. The
process was reversed for sag, with weights applied at midships and the buoyant force
applied at the extremities. This resulted in the maximum possible bending force
conceivable for the ship, well beyond what may be expected in an operational

environment.
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Figure 165. Shear Force Diagram for calm seas
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V. ARRANGEMENT DRAWINGS

A. GENERAL DESCRIPTION

The deck arrangement drawings were developed in AutoCAD™ in three
dimensions. The three-dimensional view is similar to the damage control plates in
common use on current Navy warships and is an easy way to provide a sense of depth to
a drawing and eliminate the need to insert two-dimensional symbology. In addition, as
the external bulkheads are angled at 26.5 degrees, the slope of the exterior shows more
accurately in three dimensions, helping to explain why some of the spaces appear in more
than one deck drawing. Complex exterior curvature was simplified slightly in these
drawings where space arrangement would not be compromised. Detailed deck
arrangements are provided for the 01 Level, Main Deck, Mission Bay, and Main
Engineering Spaces. In addition, a profile cutaway drawing depicting major equipment
and tankage was developed. The drawings utilize the skin of the MTR ship as drawn in
Rhino Marine™, imported into AutoCAD™ using the .dxf format. This format allowed
file sharing between the two programs, even allowing for modifications to be made after
importation. Deck outlines were also developed this way, eliminating the need to
reproduce complex curves in both programs.
B. DECK ARRANGEMENTS

1. 01 Level

The 01 Level is the top deck of the ship not considered aloft. It is divided into two
sections. The forward section starts at frame 212. The Pilothouse and bridge wings span
the entire beam of the ship, providing an enormous space from which to control the ship.
Like any ship with a wide beam, however, this is necessary for the safety of navigation,
and interior volume is thankfully not at a premium on this ship. Immediately behind the
Pilothouse in the forward superstructure, two ladder wells are positioned against the
outboard bulkheads. These ladder wells are also mirrored at the far end of the forward
superstructure. Inboard of the ladder wells are matching passageways, leading to CIC on
the starboard side and the Commanding Officer’s Cabin to port. Inboard of the

passageway to starboard is the ship’s chart room, with a head inboard of the port side



passageway. CIC is also spacious, 60 feet long by 40 feet wide. This space is plenty large
enough to coordinate the employment of Interceptors and manage shipboard flight and

combat operations.

The after superstructure slopes up gradually from the Main Deck below,
providing the Main Deck spaces in this region of the ship a high ceiling. At the start of
the helicopter hangars, however, a 20-foot-wide section between the two-level hangar
spaces is utilized for officer’s berthing, storage, and office space, and the after end of this
space houses the Helicopter Control Tower, jutting out from the superstructure and
providing a commanding view of the Flight Deck below. Figure 4 depicts the

arrangement of the 01 Level.

01-Level Layout

Figure 167. 01 Level Arrangements

2. Main Deck
The Main Deck is the nerve center of the TSUNAMI. By far the largest deck in
terms of usable square footage, a lot of spaces are crammed into this busy area. Forward,

the Forecastle slopes downward as mentioned earlier for the view from the Bridge. The



slope starts at frame 210, however, so that the bow of the ship is actually slightly below
the location of most of the 1* Deck. This slope, as well as the extreme angle of the
forward superstructure, also impacts the spaces forward. The deck is open forward of
frame 185, affording the living spaces one deck down an impressively tall ceiling. Within
the superstructure, much of the Main Deck is utilized as living space. Two continuous
passageways span from the ladder wells marking the start of the deck all the way aft to
the Crew Training and Fitness Center (CTFC), a two-deck-tall space spanning the entire
beam of the superstructure and more than 30 feet longitudinally. A centerline passageway
also runs forward and aft, but is broken by major spaces such as the Wardroom and CCS.
Due to the long length of the Main Deck (the superstructure runs from frame 100 all the
way aft to frame 614), five athwart ships passageways are also included, as well as a
pass-through between the two helicopter hangars. Vertical access to the decks below is
limited by the presence of the Mission Bay, but pairs of ladder wells are located both
forward and aft leading to the 1** Deck below.

Major spaces on the Main Deck abound. Immediately forward of the Flight Deck
are the two helicopter hangars, each 25 feet tall, 75 feet long, and with a doorway 20 feet
wide. Centered between the hangars are equipment and office spaces, with a large space
set aside as an armory and magazine. Forward of the hangars is the CTFC. This space is
desired for the MTR mission so that the boarding teams can maintain good physical
condition and practice climbing, etc in the 25-foot-tall space. Forward of the CTFC is
CCS. This space is positioned just forward of the CTFC for quick access to the external
doors and the ladder wells located just outside of the superstructure at the after end of the
hangars. Forward of CCS is a large, four-room Common Office Complex (COC). Each
room within the COC is roughly 400 square feet, providing ample workspace for ship’s
crew or for training. Farther forward, the Wardroom and Wardroom Lounge are
positioned beneath the CIC. The 30 foot by 35 foot Wardroom is designed for feeding a
large officer/rider contingent, and the lounge is a separate space just aft, allowing for the
dining section to be a more formal affair, or a suitable briefing location. Completing the
arrangements on this deck are 99 staterooms and 15 heads, not including the separate

head and stateroom for the Executive Officer, located immediately forward of the



Wardroom Pantry. Each stateroom is 10 feet square, easily able to accommodate two
officers, though most will only require single occupancy. Heads are designed to be large
enough to hold a sink, two urinals, a toilet stall, and three shower stalls each. Figure 5

below depicts this detailed arrangement.

Main Deck Layout

Figure 168. Main Deck Arrangements

3. Mission Bay

As was previously mentioned, the Mission Bay dominated the design of the ship.
Taking up three decks and the majority of the center hull, the Mission Bay deserves
attention as a separate entity. Starting at frame 210, the Mission Bay is essentially a
rectangular box 390 feet long, 120 feet wide, and 36 feet tall. At the top of the space, the
overhead angles inward at 45 degrees. The size of the bay was determined by the
selection of the interceptor. At 118 feet in length and a 30 foot beam, the bay is built to
hold six Wally Power 118’ yachts on self-propelled pallets. The center lane of the bay is

used to transit Interceptors forward and aft, so the bay needs to be wider than three



pallets. The Mission Bay door, located at the after end of the bay, opens 10 feet above the
design waterline to the hoist area at the stern of the ship between the side hulls. A pallet
transits out of the bay on rails lining the side hull struts, dictating the width of the pallets,
and therefore the width of the bay. Figure 6 depicts the internal layout of the Mission
Bay, showing six Interceptors within the space stowed in the fully loaded condition. The
stanchions depicted in the figure are directly above watertight bulkheads. In an ideal
configuration, the Mission Bay will be completely open, though first iteration
calculations indicated that stanchions may be required to maintain the structural integrity

of this large space.

Mission Bay Layout

Figure 169. Mission Bay Arrangements

4. Main Engine Rooms

The Main Engine Rooms on the MTR ship are positioned above the DWL aft of
the Mission Bay. The all-electric ship configuration allowed for power generation to be
removed from the propellers, providing flexibility in placement. The MER spaces were
chosen for their proximity to the motors (so that power cables are as short as possible),
convenience to the Main Deck and CCS, and also for the proximity to the Flight Deck
(for intakes and exhaust). The MER spaces are enormous, with each space comfortably

fitting an MT-30 gas turbine engine, generator, and four static frequency converters for



power generation and propulsion. The watertight spaces below are also easily accessible,
with vertical access through the struts to the side hulls. MER #1 (starboard side) also
holds a small room at the forward inboard corner for controlling Interceptor launch and
retrieval operations. Steering gear fits easily in the stern-most compartments low down in
the MER lower levels, while the upper two decks are reserved for the bulky equipment
(note that the generators and gas turbine engines penetrate the MER upper levels). The
forward sections of the MER lower levels are roomy enough for fire pumps, fuel service
systems, and a variety of other engineering subsystems. A small (four-foot) bilge deck
rests beneath the lower levels, a likely location for oily waste and lube oil service tanks.
Figure 7 depicts the arrangement of the Main Engine Rooms, with some bulkheads cut

out for clarity.

Main Engine Room Layout

Figure 170. Main Engine Room Arrangements

1. Profile Cut-away

The last major arrangement drawing produced for this project is a profile cut-
away view of the ship’s major equipment and tanks. This view provides a thorough
understanding of the longitudinal separation between spaces, shows the location of
watertight bulkheads, and 1s perhaps the clearest way to grasp the size of the Mission Bay
relative to the rest of the ship. A brief description is warranted for each of the useful

aspects of this drawing.



The first noticeable aspect of the profile view is the locations of watertight
bulkheads. Floodable length calculations revealed that the ship was not susceptible to
large changes in draft, with the lowest floodable length (about 150 feet) located about one
quarter of the ship’s length aft of the forward perpendicular. For this reason, standardized
bulkhead spacing was chosen at 40-foot increments for the entire forward section of the
ship. Beneath the Mission Bay (the location of the margin line in the amidships area), the
bulkhead spacing spreads out to 45 feet as the floodable length is much higher here, and
the spacing was convenient for the locations of the Mission Bay stanchions. Astern of the
Mission Bay, the bulkhead spacing above the side hulls is 40 feet, while the watertight
bulkheads within the side hulls themselves are spaced at 30 feet. This configuration
allows the MTR ship to flood any three compartments without danger of sinking below

the margin line. Figures 171 and 172 show the bulkhead configurations within the ship.

Watertight Bulkhead Spacing:

-

_____..--'
A .

Aft section
(Frame 600 to AP): 40°

Mission Bay section
(Frame 200 to 600): 45’

** W.T. Bulkheads to Main
Deck forward, Mission Bay
(3" Deck) midships, and

Forward section Middle Level (2" Deck) aft.

(FP to Frame 200): 40’

Figure 171. Center hull watertight bulkhead spacing



Side Hull Bulkhead Spacing

Bulkhead Spacing 30’

Figure 172. Side hull watertight bulkhead spacing

Another important aspect of the profile drawing is that it shows the longitudinal
separation of major equipment and tanks within the hull. Propulsion systems are located
at the extremities of the ship, with the twin screws aft and the APU forward (the center of
thrust for the APU is at frame 100, over 300 feet from the ship’s LCG). Power systems
are also distributed longitudinally, with the Auxiliary Engine Room located just beneath
the Mission Bay on the Fourth Deck and the two Main Engine Rooms aft of the Mission
Bay. Fuel tanks are also distributed throughout the ship’s length, with much of the
tankage actually located within the side hulls. Figure 10 outlines these locations

graphically.



Major Engineering Equipment and Tankage

Gas Turbine Generators

Diesel Generators
HTS Motor

SFCs
/ Fresh water

Fuel Tanks

Figure 173. Locations of major equipment shown in profile cut-away



V1. STRUCTURE AND SCANTLINGS

A INITIAL SECTION MODULUS CALCULATIONS

The maximum bending moments were determined in the previously described
loading condition analysis. Under static conditions the maximum bending moment was -
79,214 ft-LT which was rounded to -80,000 ft-LT for analysis. The maximums for
hogging and sagging were similar as the extreme models used had the loading and
buoyant force locations reversed. Those values were 3,653,781 ft-LT and -3,653,781 ft-
LT respectively.

Figure 174. Simplified midships section. Each increment is 10ft

This simplified midships section was then used to compute the section modulus.
The following table shows the Microsoft Excel sheet that was used to find the section

modulus.
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Figure 175. Section Modulus calculation

The maximum bending moments were then used with this data to find the
maximum compressive and tensile stresses applied to the hull. The hogging and sagging
conditions yielded 11.3 LT/in® in the deck (tensile and compressive respectively) and
12.2 LT/in” in the keel (compressive and tensile respectively) which resulted in a 2.376
factor of safety. The static condition had 0.25 LT/in? compressive stress in the deck and
0.27 LT/in” in the keel yielding a safety factor of 109.

B. MIDSHIPS STRUCTURAL CONFIGURATION

Since the MTR ship’s center hull is long and narrow, but also must support
torsion from the side hulls and topside structure, the decision was made to frame the ship
with a combination of longitudinal and transverse structure. Transverse web framing is
spaced at six-foot intervals throughout most of the ship, except for the webs on either side
of the watertight bulkheads beneath the Mission Bay stanchions. Those web frames are
five feet apart for additional support. Stringers are longitudinal, and have spacing
between 18 and 24 inches, depending upon location within the ship. Plating thicknesses
are also dependent upon depth relative to the DWL. In all cases, the steel used as the
basis for structural calculations is HSLA-65 (High Strength, Low-Alloy) steel, with a
yield strength of 65000 psi. The calculations were conducted by a spreadsheet. Each

section of the spreadsheet is described in detail below.



1. Plating Thickness

The first portions of the spreadsheet test plating thicknesses for ultimate strength,
membrane stresses, shear stress, and buckling, varying plating thickness by 1/16™ inch
intervals and assuming a static head which accounts for a minimum of sea state five, but
is never less than four feet (a four-foot static head is applied to the deck and shear strakes,
despite the fact that they will likely never be submerged). Spreadsheet calculations for
plate stresses were developed in accordance with chapter nine (small deflection theory,

membrane stresses, and plates loaded beyond the elastic limit) of Ship Structural Design;

A Rationally-Based, Computer-Aided Optimization Approach by Owen F. Hughes

(Hughes, pp. 332-350). Plating is separated into five sections, covering the bottom, lower
side, middle side, upper side (shear strake), and deck.

2. Longitudinal Stringers

Longitudinal stringers are also developed in sections, though only bottom, deck,
and side sections were analyzed. Here, the critical tests were for proportionality of the
beams analyzed and for the required strength ratio as described in chapter 11 of Hughes
(Hughes, pp. 390-400). In all cases, the stringers used turned out to have the same
dimensions, a T-section with a web depth of six inches and thickness of 0.5 inches, and a
flange width of four inches with a thickness of 0.25 inches. To provide additional
structural rigidity in the Mission Bay, the stringers corresponding to deck heights for the
First and Second Decks are increased in size to correspond to the web frames in those
locations.

3. Transverse Framing

Transverse frames were divided into four sections corresponding to the deck,
upper and lower sides, and bottom frames. The criteria for these beams were developed
from class notes and a project for the Ship Structures course (EN358) at the United States
Naval Academy from 1999. The criteria compare the geometry of the analyzed beams to
the geometry of the chosen longitudinal stringers for proportionality, and also check for a
required section modulus based on the combined properties of the plate and stiffeners.

4. Center Vertical Keel and Center Deck Girder

The two major backbones of the framing are designed around a similar concept.

The calculation, also based on class notes and project results from the Naval Academy, is



based on proportionality of the beam, the geometry of the space covered (particularly the
watertight bulkhead spacing), required section modulus based on other structure, and a
maximum expected bending moment based on the rest of the structure.
B. STRUCTURE SUMMARY

The chosen scantlings in each case were the smallest (lightest) structures
conforming to the criteria checks listed. A single-sheet summary and a midships section
structural drawing were produced to describe each of these pieces within the ship. More
detailed analysis of the Mission Bay and side hulls will be required in the second iteration
of the design spiral, however, this first cut at structure for the midships section provides a
strong baseline for the rest of the MTR ship. Figure 11 depicts the scantlings graphically,

while the tables following show the calculations described above in greater detail.

Ship’s Structure Shown in Half-section

Figure 176. Half-section drawing of structural framing



Summary of MTR Structural Calculations:

Hull Plating Calculaitons:
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Midde Eide Plaiing 14.00 Z2.00 03750 24 D0
Joper Slde Plading (Shear Strake) 35.00 4.00 0.5250 25.00
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Figure 177. Summary of Structural Scantlings
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Lower Side Plating Calculations

Figure 179.
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Figure 180. Middle Side Plating Calculations



LEEOELL 9readacil Eigieel IBE'E980F LST995EF  BIGRT  ZBDPDEIC TEST CEEERMIT SIAM9BL BEEGITLL 51
LEE0ELL  TRloR0l LESTTL 95E'a5805 LTLEASER LOSGSL3C BUTEIGC PEFT  CEEEE'MT IG5TCL CORCGISLE  SL801
LEE0ELl LOBLLLISE FaThIeg SER9S0CE 08T 9T9TF LAV UPTET GLL8FCE 9UET  EEEEEMT FSTHLER ELEERTEL  SITL
LEE0ELL SLEBTLS B LEET08 OFITLISES LAE'S99CF SOTG6A0TC SRERRSE 980T CEEEE'MT LAETOR SERSESLL  STIEL
LEEDELL AFTOSLEL V' IBERRS YTV I9T55 TESTLITE FPEBESE  QLTEOE 0BT EEEEEVT V' ISTBPE ETOFIEE STl
LEEDELL  LEEFRLL FrLLEEF ETEAGRIC JEDLLERP QLOTITAT PRE'RSEF  TS0T  CEEEE'MT FRLLIEGR QMI3EFSE SLBEL
LEEOELL TOLLLLFD BTISTRY 9o #RL0% CSIL'CEBER fOW0A%TF SIS FEEF  FREL CEEEE'MT SCLSTRF  OGTRPECL SELL
LEEDELL S5099LLIC L'FaIREE QDE'ST5ER PETTEATE PTEL9A8F SEFTRFE OTEL  CEEER'MT I'¢OIPGC OO0LALEE SEROL
LEE0ELL A5 199205 B L336FE ETTOFLIR POESFOFF  BETCS F¥lO 9Tk EEEEELT §.I908FE LHOCOLG b
LEEO0ELL SV OTISHR BTFEL0E EI'BR0EL QiTedlEr BOFIGI0 LDEDEGE OT9L  CEEEE'LT STPEIOE TOOE0TR  SLEEWD
LEEOELL TTOCQLBE L'GTIipg £EE'A086L 95C00FFF LPEETTTL BIEBFI0E TEEL CEEEEIT LOTLIOT G99LLFE crea
LUEEOELL  2G0RPEE pEFelED GLE'A0.L8E LIS PLIOFF 999719[CE SEEBO0ES  #OFWL  CEEEE'LT 9OFPEODET LLO9EIT  STLEWD
LEE0ELL  GORERBT Fagenal S5 ¥aL00L LEE9505F ROEBS  LRTIEOL 98ZLF  EEEEE VT FO00BBEl ETPISLC gL
LEEODELL SETREET V' TETER E500#5EL LFFPLBSF 99°6883LL SE9EETI 9ELL EEEEELT V'TOTSRL  #1OI5B1 SLE970
LEEDELL TCL9i61 BeEsEElL FIEAS5E1 SEETOFFIF 0L°195LFL FRSTLCE 080k  EEEEEVT §'905BElL SLISFTI SE30
LUEEDELL ST 6LTOOL FEF20LL SETFLFDL LEDPRLIF SQC0LFIL AD'SLFGL bl TEEEL VT +EFEOLL LIECOBOG  STI50
LEE0ELL  #0FRATL PO LTRLB LUGETROT LBETE9EGF  #BLLIT JLSFT Fa8 TEEEC LT FELTRIR L'SELLED 50
LEEDELL S50'a5E26 EFTCERE BOZ9EEAT SR TLSTS 0€°E6998T LC880TE a5 TEEEL LT EFTEERR LBFCICE  SLTPD
L'EE0ELl +TTSETEL FEFLLEY QEPILESE  99¥0L09  QLTEAT  ID'DERCR aFd TEEEE LT FE'RILEF ATE06OT GITD
LEUEID  SEang EEANE  LEUENND seang  iEuequD  aepequn  (ed sssns (=d) esens (=d) eseqs  (jed) (gl {1=d) UEL By ceseuyau
BRENE JeElS BEYS seenyg  Bumang seans BEENE "BURIL ‘Buol  eumiL e EEENS  BWMOA  EJEIJUD  B2ENS el Bl DOWNEsY
BRI ey Bumong 2y AN sumiqueyy  anb3g ‘mnbz Buolxew  eEld sinesesd |BIRUD
HYIHS DHMNHA2INE ONION3E
ELS dgiw dl aw
1sd  psiav ek 0 %es) ssene penddy
wl gr | woul wopeq sed Jo uideg
1sd  panss A12ey2 wgH) seale plals
¥ Jaord-papoddne fdwie “Buo)) y
ul [T ‘{pswnese) |esy 8A0QE v N 10 JuBied o pin
ul i } TWUH 0L ISP JEESESU 81EId £ are
{Bes o) weabelp a200) JB3YS WD PISEY) qj on0sche “PED] FESUE WNWXERN ul A {2} Bupeds erlaasuel) pawmesy
(uswow Bepusg WNwEew | 7-8 8.01.F sewnsse) g, ETEILLTFOL  CEnINpOowW wopises paanbay wnwuwy ul #C J[a) Bujaede jeujpny Buo) pewneey

TUONE[NJ|B SsauyaIy] BURE|d 2pIS 1edd)

Upper Side Plating Calculations

Figure 181.
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Deck Plating Calculations

Figure 182.
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Figure 184. Deck Longitudinal Calculations
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Side Longitudinal Calculations

Figure 185.



Bottom Transverse Structure Calculations:

Depth (ft) 36 W (Ibfin) 1152 Minimum web height #1: 15
Beam length (in) 240 SMp(req'd)[end] 417.75824  Minimum web height #2: 36
Frame spacing (in) 72 SMF(req'd)[end] 208.87912 tw(min) 0.48
Bottom Long. Web ht (in): 5]
Beam Type Weight/ft tw tf bf ratio check depth
W27 x84 I-T  T70.712 0.450 0.745 9.990 26.920
W3ldx11BI-T  91.048 0.550 0.740 11.480 32.860
W33x1301-T 99.133 0.580 0.855 11.510 33.090
W36 x1351-T 105.098 0.600 0.790 11.950 35.550
W33x1521-T 113.657 0.835 1.055 11.565 33.490
Custom 76.795  1.000 1.000 12.000 ok 36.000
Figure 186. Bottom Transverse Calculations
Lower Side Transverse Structure Calculations:
Depth (ft) 20 W (Ib/in) 640 Minimum web height #1: 15
Beam length (in)| 240 SMp(req'dj[end] 232.0879  Minimum web height #2: 288
Frame spacing (in) 72 SMF(req'd)[end] 115.044 twimin)  0.408
Lower Side Long. Web ht (in): 6
Beam Type Weight/ft tw tf bf ratio check  depth
Warx9dI1-T T0.712 0.490 0.745 9.990 26.920
Wa3azx 118 l-T 91.048 0.550 0.740 11.480 32.860
W33 x13010-T 99.133 0.580 0.855 11.510 ok 33.090
W36x1351T 105098  0.600 0790 11950 [NCHERE 35550
W33 x1521-T 113.657 0.635 1.055 11.565 ok 33450
Figure 187. Lower Side Transverse Calculations
Upper Side Transverse Structure Calculations:
Depth (ft)| 4.000 W (Ib/in) 128.000 Minimum web height#1: 15.000
Beam length (in)| 144.000 SMp(req'd)[end] 16.710 Minimum web height #2: 17.280
Frame spacing (in)| 72.000 SMF(req'd)[end] 8.355 tw(min) 0.293
Upper Side Long. Web ht (in):  6.000
Beam Type Weight/ft tw 1 bf  ratio check depth
Custom 38.997 0.750 0.750 10.000 ok 18.000
W27 x 94 1-T 70.712 0.490 0.745 9.990 ok 26.920
W33x1181-T 91048 0550 0740 11480 [NSHERN 32.860
W33x 130 I-T 99.133 0.580 0.855 11.510 ok 33.090
W36x1351-T 105008  0.800 0790 11950 [NSHSRN 35.550
W33x 152 1-T  113.657 0835 1.055 11.565 ok 33.490

Figure 188. Upper Side Transverse Calculations




Deck Transverse Frame Calculations:

Span (inches) | 420.000 W.T. bh. spacing: 480.000

hwimin) #1 15.000 Iy{min} 3.339
hwimin] #2 21.000 Trans. Spacing:
yy(min) 2,809
Beam type welgntit Ty W In I c N I criterla check tw L ot criteria dapth Ax
WExIDIT 7.566 0.008 0.008 S0.000 66.523 0257 8087 17.500 0170 0.205 2.040 T.BOO 2114
Wi x12-T 0485 D.014 0.008 S0.000 115.520 D257 8887  17.500 0.190 0.210 2.080 o870 2667
WEx 13T 0.088 0.010 0.008 S0.000 g2.e17 0257 8087 17.500 0.230 0.255 4.000 7.000 2700
WEx 15T 11.283 D.012 0.008 S0.000 06.403 D257 8887  17.500 0.245 0.5 4.015 a.110 3175
Wi2x141-T 11.400 0.0z2 0.008 50.000 186.531 D257 8887 17500 0.200 0.225 2.970 11.810 3.230
WIDx151T 11733 0047 DO0E  50.000 140805 D257 6.867 17500 0230 0270 4000 0000 3316
WExI1BLT 12504 D014 0006 50000 114488 D257 66867 17500 0230 0330 5250 a140 3529
WTEx13T 13000 D014 0008 50000 112@Ed D257 4887 17500 0250 0345 5500 TH4S  3TTI
WEx2I-T 14.425 D.016 0.008 50.000 133.2568 D257 8887 17500 0.250 0.400 5.270 8.280 2073
Custom 40850 D.016 0.008 50.000 133.258 D257 @887 17500 0.750 0.750 10.000 21.000 23.250
Figure 189. Deck Transverse Calculations
Center Vertical Keel Calculations:
hydrostatic head (ft) 38 N §.50665587 Min. web depth 72 bf{max) 12.68
Trans. frame spacing [ft) ] Mmax {ft-Ib) 12011520 tw [min) 0.84 Steel density 028
span [s] ift) 40 SMmin 542 544885 tiest) 0.8 Depth of Bot. Trans: 28.62
Beam fype  weight'ft Ax depth bf i tw
special 300.885 8055 72 128 0.2 i1
Figure 190. Keel Calculations
Center Deck Girder Calculations:
hydrostatic head {ft) 4 N ©.5606067 Min. web: depth 285 bfimax) T
Trans. frame spacing (fi) 1] Mmax (ft-db} 1334513.3 tw (min) 0408 Steel density 0.28
span [s] [fi] 40 SMmin 93.627211 tiest) 0.5 Depth of Deck Trans: 7.582
Beam type  weight/ft Ax ‘depth bt T tw |
special 69.218 208 28 T 0.5 0.8

Figure 191. Center Deck Girder Calculations
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l. ELECTRICAL GENERATION

A. INTEGRATED POWER SYSTEM

In keeping with the Navy’s goal of building all electric ships, we have chosen the
Integrated Power System (IPS) to be the power system for the MTR mother ship. There
are many advantages to the IPS. Chief among these advantages is efficiency. All of the
electrical generators for the IPS feed one distribution system. In addition, all of the prime
movers onboard the ship (i.e. gas turbines and diesel generators) are coupled to these
electrical generators. Therefore, the energy produced by the ship can be distributed and
scaled. Any prime mover can produce electrical power for use by any of the ship’s loads,
to include the ship’s largest load- propulsion. Additionally, only the amount of power
needed for current operations is produced. By adjusting how many prime movers are
running at any one time, you can make sure that they are running close to their maximum

capacity, where they are the most efficient.

A very simple, notional IPS system is shown in Figure 188. From the figure, it is
apparent that power generated is shared by all of the loads of the ship to include;
propulsion, weapons systems, auxiliaries and hotel loads. If more power is needed (i.e.
high speed ops) then more generators are brought online. This is in contrast to today’s
ships where there are separate prime movers for electrical generation and for propulsion.
At low-speeds and/or low electrical loads, these prime movers are most likely operating
below their capacity. We introduce efficiency and flexibility in our system by operating

near capacity for the online generators and sharing power.

Additionally, by using electric propulsion motors, other advantages are gained.
For example, the prime movers for the electrical generators and the propulsion motors do
not need to be co-located. There is no longer a need for reduction gears, controllable

pitch propellers (CPP) and all of the auxiliary system that come with these components.!

1 Unknown, “Marine Electric Drive Overview,” USNA 200
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Il.  PRIME MOVERS

A PRIME MOVER ALTERNATIVES
1. General Electric LM25003
The LM2500 gives you the following advantages:

. High efficiency while operating at
conservative metal temperatures

. Corrosive-resistant metals and coatings m
o Ease of handling/quick change out to - '
optimize availability
Specifications:

Output (Shp): 33,600

Specific Fuel Consumption (1b/shp-hr): 0.373

Thermal Efficiency: 37%
Heat Rate (BTU/shp-hr): 6,860
Exhaust Gas Flow (Ib/sec): 155
Exhaust Gas Temp (°F): 1,051
Power Turbine Speed (rpm): 3,600
Weight (Ib): 0,300
Length (m): 6.52
Height (m): 2.04

3 http://www.geae.com/engines/marine/Im2500.html



2. General Electric LM2500+4

It is designed to achieve reliability equal to the precedent setting reliability,

99.6%, of the LM2500. Its high efficiency, reliability, and installation flexibility make it

ideal for a wide variety of marine power generation and mechanical drive applications.

Specifications:
Output (Shp):
Specific Fuel Consumption (Ib/shp-hr):
Thermal Efficiency:
Heat Rate (BTU/shp-hr):
Exhaust Gas Flow (Ib/sec):
Exhaust Gas Temp (°F):
Power Turbine Speed (rpm):
Weight (Ib):
Length (m):

Height (m):

4 http://www.geae.com/engines/marine/lm2500+.html

965

3,600
11,545
6.7

2.04



3. General Electric LM6000°
It provides the power and unprecedented efficiency needed by users at an installed
cost that is competitive with any gas turbine. The LM6000 is suitable for a variety of

Marine Applications including fast ferry and high speed cargo ship applications.
Specifications:
Output (Shp): 57,330

Specific Fuel Consumption (Ib/shp-hr): 0.329

Thermal Efficiency: 42%
Heat Rate (BTU/shp-hr): 6,060
Exhaust Gas Flow (Ib/sec): 273
Exhaust Gas Temp (°F): 853
Power Turbine Speed (rpm): 3,600
Weight (Ib): 18,010
Length (m): 7.3
Height (m): 2.5

5 http://www.geae.com/engines/marine/lm6000.html



4. Rolls Royce Marine Spey®

Integrated Propulsion module with minimum of interferences
Full blackout running capability

NBCD containment

Shock Resistance

No torque limitations

Power turbines installed for life of ship

Engine Specifications

Compressor Stages

Turbine Stages

Shaft Speed rev/min

Combustion System

Number of shafts

Performance
Power

Intake
Exhaust

Exhaust temperature

LP 5
HP 11
LP 2
HP 2
PT 2
LP 8000
HP 12070
PT 5500
Cannular 10 Combustors
2 plus
free power
turbine
MW 19.5
Bhp 26150
kg/sec 65.7
kg/sec 66.9
Celsius 490

6 http://www.rolls-royce.com/marine/downloads/pdf/gasturbine/spey naval.pdf




5. Rolls Royce MT-30

J High efficiency twin spool, high pressure ratio gas turbine
o Low vibration unit, resiliently mounted

o Integrated Engine Management System

o On engine condition monitoring

Engine Specifications

Compressor Stages LP 8
HP 6

Turbine Stages LP 1
HP 1
PT 4

PT Speed (nominal) Alternator 3600

Mech. drive 3300

Performance
Power MW 36
Specific Fuel Consumption kg/Kw-hr 21

Exhaust temperature Celsius 466




6. Rolls Royce B32:40L8A

The rolls Royce Bergen B32:30 is a combination of high performance and cost

effective operations. The Rolls Royce Bergen line has been in production for close to 60

years.

Engine type Unit Specs
Number of cylinders 8
Engine speed RPM 720/750
Mean piston speed m/sec. 10
Max. continuous rating kW 3840/4000
Max. continuous rating altern (n=0.96) kW 3685/3840
Max. continuous rating altern (Cose=0.8) kVA 4605/4800
Mean effective pressure bar 24.9
Specific fuel consumption* g/kWh 181/183
Specific lube o0il consumption g/kWh 0.8
Cooling water temp. engine outlet oC 90

B. PRIME MOVER SELECTION

Figure 193.

Technical Specs

The prime mover selected was the Rolls Royce MT-30 for the HTS 40 MW

Generators. This was chosen based on the fact that this engine is currently the model

being used by American Superconductor for testing.



I11. ELECTRIC MOTORS

A. ELECTRIC MOTOR DRIVES

An electric drive consists of a power converter connected to a propulsion motor.
The power converter, also referred to as the electric motor drive, converts a fixed-
amplitude, fixed-frequency set of AC voltages from an AC generator into a variable-
amplitude, variable-frequency set of output voltages required to control the speed of the
AC motor. This is usually done by converting the AC from the generator output to DC,
and then back to the AC required by the propulsion motor.

ABB Inc. produces motor drives of varying capacities for various applications. By
utilizing multiple motor drives, the required output can be produced for our Electric
Drive Motors (EDM’s). The below chart shows how four 9MW motor drives can be
combined to produce the required power for a 34MW electric motor. By stacking these
motor drives together, a relatively compact and lightweight unit can be produced, figure

190 shows a typical layout for one of these drives.

Motor Drives
Model MW  Weight Length Height Depth
ACS6000 9 4.312 4.9 2.9 1.5

4 X OMW per motor X 2 motors - (8 / 72MW)
=40M (135 ft) of space needed, weighing 35 Tons.




Dimensions (9 MWA, Single Drive) Single Line
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Figure 194. Dimensional layout of a 9 MWA Motor drive’

B. ELECTRIC PROPULSION MOTORS
1. Conventional Motors
a. History

Electric drive for ships is not a new concept. It has been around since the
early 20" century. Interestingly, the first aircraft carrier was electric drive. Back in
1913, the collier Jupiter was converted with the first electric drive and renamed the
Langley. In between World War I and II, 5 battleships, 2 carriers and over 50 other
vessels used electric drive. Additionally, due to a shortage of reduction gears (not needed
for electric drive) over 500 vessels were outfitted with electric drive during World War

II.

On the contrary, IPS is a new concept. During the early days of electric
drive, there was no “sharing” of power between the ship’s loads and the electric
propulsion motors. There were separate electrical systems. Instead of converting power
using modern power converters, the generators for propulsion were separate and their

output voltage was varied for the propulsion motors.

After World War 11, electric drive went out of favor with the availability

of double reduction gears. The reduction gears offered lower weight and volume with
7 ABB Inc., Drive ACS 6000 Marine Data Sheet Rev. B, 2005




increased efficiency when compared to the existing electric drive technology. But,
during the past 30 years, the commercial sector has been shifting back to electric drive.
The U.S. Navy has discovered the benefits of electric drive combined with an IPS system
and has chosen this system for the Zumwalt-class (DD1000) destroyer.8

b. PODS

PODS are a very popular form of conventional motor widely used in the
maritime industry today (especially cruise liners). The POD is a way of packaging the
motor in a convenient and versatile self-contained unit. The POD has a swivel base
(usually overhead) which allows it to be maneuvered in almost any direction. Figure 193
illustrates the typical POD architecture. Figure 194 is an example of how ubiquitous the
use of PODS is today.

Figure 195. Graphical depiction of a POD?

8 Unknown, “Marine Electric Drive Overview,” USNA 2004
9 Alstom Inc., Naval Research Advisory Brief, August 2001



Figure 196. PODS in use today!0

C. Advanced Induction Motor

The DD1000 Zumwalt-class Destroyer will use these motors as part of an
overall IPS system.!! Seeing that the Navy has already decided to put these motors into
the DD1000 program of record, they have been deemed technically mature. Selected for
use in the Navy’s latest ship, the Advanced Induction Motor (AIM) produced by Alstom

Inc., represents the latest in mature, conventional motor technology.

10 Alstom Inc., Naval Research Advisory Brief, August 2001
11 Unknown, “Marine Electric Drive Overview,” USNA 2004



Figure 197. Alstom 19MW Advanced Induction Motor!2

d. Superconducting Motors

A lot of time and money has been put into researching superconductors
lately. The Office of Naval Research (ONR) has more than one contractor looking in to
this technology. The great thing about high-temperature superconducting (HTS) wire is
that it can carry up to 140 times more current than comparable copper wire (same size
and weight). Carrying more current translates to a greater flux density; a greater
corresponding magnetic field; and thus, more torque in a motor built with HTS wire. As
shown in Figure 199 and 200, HTS motors can be up to 1/3 the weight and - the size of
their copper-based counterparts at the same power ratings. This is due not only to the

reduced size of the wires, but due to the increased current carrying capacity of the wires.

As shown in Figure 198, the other great advantage of HTS motors is that
they operate more efficiently than copper motors across the entire motor load spectrum.
The motors can be operated at low loads (e.g. during slow speed ops) without a great loss

in efficiency.

12 Unknown, “Marine Electric Drive Overview,” USNA 2004



By having smaller and lighter motors, it opens up a lot more possibilities
as to where we can place them on the ship. Also, these smaller motors free up space and
weight for other “nice to have” pieces of equipment that may not have been viable

beforehand.

The term “high temperature superconducting” is a relative term; since the
conductors in these motors still must remain quite cool (140°K, -130°C). The “high
temperature” is as compared to other superconducting technologies where the conductors
are kept at near absolute zero temperatures (4°K, -266°C). In our case, these higher
temperatures are maintained with little difficulty. The cryogenics involved for each
motor consist of a refrigeration system on the order of the size of a 5-foot file cabinet.
The typical system would have two, one for backup. The amount of power drawn by

these cooling systems is negligible.

Efficiency Comparison HTS to Conventional
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8% Motor power translates to 50% ship speed for most monohull ships

Figure 198. Efficiency advantage of HTS versus conventional motors!3

13 “Optimal Electric Ship Propulsion Solution,” Marine Reporter, 2002



Weight Comparison: HTS versus Conventional

500 4

500 4

W

5 400 -

h

2

IE 300 HTS

=3 Advantage
3

=

i) 10 20 0 40 50 50 70 =] gd 100

Source: MSCL Power (MW)

Figure 199. Comparing HTS and conventional motors: weight versus power!4

Volume Comparison: HTS versus Conventional
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Figure 200. Comparing HTS and conventional motors: size versus power!?

14 “Optimal Electric Ship Propulsion Solution,” Marine Reporter, 2002
15 “Optimal Electric Ship Propulsion Solution,” Marine Reporter, 2002




e. High-Temperature Superconducting (HTS) AC Synchronous
Motor

Under development by American Superconductor in conjunction with
ONR, the HTS AC Synchronous Motor is the most mature of the superconducting motor
technologies.  Their 34MW motor has successfully competed advanced testing
milestones and is due to be delivered, operational to the U.S. Navy in late 2006. This

motor has all of the advantages discussed above with respect to superconducting motors.

As depicted in the figure below, the expected size of the American

Superconductor HTS AC Synchronous Motor is 15ft in diameter and 15 ft long.

36.5 MW HTS AC Motor

Objectives: Design, manufacture, FAT and deliver a 36.5 MW HTS3 AC propulsion motor
and COTS basad controller

Summary:
«Contractor: American Superconductor
«3ubs: ldeal, NGMS, Robicon, NGSS, CAPS, others
*Rating: 36.5 MW/ & kV/ 714 A/ 8 Phase/ 120 rpm
«Other: 75 MT
‘Technology: BSCCO HTS field, He gas
cooling @ 30K, liquid cooled litz
wire airgap armature (9kV rated), PWM 9
phase controller, noise isolation

Plans:
Statuls. ‘Manufacture, 12/05
+Design Complete )
-LL Items Ordlered FAT, 506
ems rdere ‘Delivery to Phila., 1/07

Figure 201. 36.5 MW HTS AC Motor 6

f. Superconducting DC Homopolar Motor

16 Peterson, Lynn, “ONR Motors and Drives Program Review,” 11/14/2005



Another technology currently undergoing research is the Superconducting
DC Homopolar motor. This DC motor would integrate well with a DC zonal distribution
system. In a configuration such as this, the power conversion is much simpler; since the
ship’s system and the motor are both DC, and therefore no frequency conversion is

required Figure 202 provides further details on the subscale motor.

The DC Homopolar motor is not an HTS system and thus requires a more
robust cooling system. Even so, the cooling system is not expected to be a major source

of contention.

This motor is not as far along in the development process. A 3.7MW

motor has been developed and a 30+ MW motor is under development.

Given our relatively short timeline (5 years) to implement the MTR
system, coupled with our choice of an AC Zonal Distribution System and HTS

generators, the HTS AC synchronous motor more closely meets our needs.

Objectives:
- Develop and test 3.7 MW Superconducting Homopolar motor for
purpose of technology risk mitigation

Summary:

« Contractor: General Atomics

- Rating: 3.7 MW/ 145 V/ 26,000 A/ 500 rpm

» Technology: Conductively cooled 4. 6K SC
magnets, metal fiber brushes, water cooled
stator & rotor, controller

Status: Plans:

- Test stand motor testing completed - Continue testing

« 3.7 MW motor test plan written «Brush S&T

3.7 MW motor assembly nearly complete « Start design of 36.5MW motor




Figure 202.  Superconducting DC Homopolar Motor!7

E. CONCLUSION

As shown in the above discussion, a propulsion system which couples the scalable
electric motor drives with an HTS AC Synchronous motor provides the best combination
for the MTR mothership’s needs. This system represents a blend of advanced and proven

technologies which meet the timeline requirements of the MTR project.

17 Peterson, Lynn, “ONR Motors and Drives Program Review,” 11/14/2005



I1l. ELECTRICAL GENERATION

A. INTRODUCTION

Based on the loading requirements of the ships propulsion motors the logical
choice for power generation was to use High Temperature Superconducting (HTS) Power
Generation. The major advantage to the HTS generators are the high power output
compared to traditional Electrical Generators. Additionally, the HTS Generator is the

primary choice of power Generation for the DDX.

Conventional generators have been continually developing over the past several
decades, but conventional generators simply cannot provide the Megawatts of power
required without the drawback of significantly added weight and size. The thermal

efficiency and small size of the HTS Generators make them the logical choice.

Currently, American Super Conductor Inc is developing a 40 MW Generator that
will be more than adequate based on our power and weight requirements. The figure

below shows the vital features of this HTS Generator.

Rating Amperage 50 MVA
Power 40 MW
Line Voltage 6.6 KV
RPM 3600
Frequency 60 Hz

Cooling Description 3 Cold Heads.4 compressors.
Weight 260 lbs

Dimension Frame Diameter 1.82 m
Length over 3.88 m
bearings

Total Weight ~75,000 1b

Figure 203. Preliminary Specification for the HTS Generator

The figure above represents only preliminary numbers for the HTS Generator. It

is still in testing phases.



IV. ACDISTRIBUTION SYSTEM

The major design decision for choosing the electrical plant was between whether
or not to choose the conventional distribution system or to use the Zonal distribution

system that is being used on the DDXG-79 and LPD-17 Class.

The advantage of the conventional electrical distribution system is primarily
proven reliability. This electrical plant has proven itself over the years. It would be an
excellent choice for our ship based on this alone. However, the AC Zonal distribution
will provide all the power requirements of the conventional distribution system with the

added benefit of providing additional redundancy in the event of battle damage.
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Figure 204. Conventional Distribution
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Figure 205. AC Zonal Distribution System

The key concept with any electrical distribution system is to provide alternate

paths to vital components throughout the ship. Depending on the importance of the



electrical subsystem to the ship’s mission will determine the number of available back up
methods to the component. Typical loads that have historical significance as vital load
are combat systems, damage control, and ship’s propulsion. The AC zonal distribution

system inherently solves the problem of reliability as a fundamental feature of the design.

In the zonal distribution system pictured in Figure 201, the two main power buses
(top and bottom) will run along the port and starboard portion of the ship, where each
zone, covers, a portion of the ship. This automatically provides a backup power supply to
each and every component of the ship. Additionally, vertical separation of these buses

will provide additional redundancy if damage was done to an entire deck.

Another major benefit to the AC Zonal distribution systems is the cost savings. In
a traditional radial power distribution system, feeder cables had to be run for the closest
switchboard to the load center in order to provide power. With the zonal distribution, the
simplified installation of two large main buses can be integrated from the beginning of

the design process and standardized as well to minimize testing and production cost.

In order to estimate the weight of the AC zonal distribution system on our ship
design. The baseline estimates for the DDX was used and scaled up to the size of our

ship to give us a rough estimate of the total weight. Figure 206 shows the result of these

calculations.
Weight of AC Zonal (LBS)
Shore Power (Station) 8000 (Bkrs, Etc)
SSDS Bus Cabling 138,054
(Ship Service Distribution)
Power Conversion 96,000 (12 * 4 Tons Each)
(IPC)
Power Conversion 186,542
(NON IPC)
In Zone Distribution 137,636
In Zone Cabling 84,527
400 Hz 44,316
Total: 695,075




Figure 206. Estimated Weight of the AC Zonal Distribution

A diagram of the AC zonal distribution system for MTR is shown in Figure 203.
There are 2 primary power sources total for the distribution system. Each 40 MW
Generator will supply power to either the Port or Starboard Bus. Additionally, either bus

can be supplied by and Diesel Generator in the event of the failure of either of the Main

Generators or whenever the Main Generators are not needed (i.e. In Port/At Anchor)
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Figure 207. AC Zonal Distribution for MTR Ship Design
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V. SUMMARY

Once the design decision to go with the Electric Drive ship was made by the
group, the choices for power generation became limited. HTS generators were the
obvious choice based on power density. Another viable option was the high speed
permanent magnet generators. However, in the end, these generators proved to be far too

unpredictable for the short time horizon of our ship design (< 5 years).

The choice for the electric drive motor for the most part coincided with the choice
of power generation. Once the decision was made to use the HTS for generation, it makes
sense to use a similar technology for propulsion. Overall, since the maintenance would
be similar, the decision would result in reduced manning. The major drawback to the
HTS motors for propulsion will be the fact the technology is relatively new and untested.

This may cause unexpected maintenance costs in the future.
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l. THREAT ENVIRONMENT

The modern day threat environment includes a large range of scenarios. .The
lowest scale threat comes from individuals or individual terrorist cells. A medium level
threat comes from terrorists that are state sponsored or covert operations carried out by
national governments, which allows increased funding and access to more sophisticated
weaponry. Finally, there is the threat of direct action by nation states cumulating in

possible persecution by regular military forces.

The operational area for the MTR ship will be 7™ Fleet AOR. The concept of
operations has the MTR ship home port in Japan with operations in the Northern Pacific
Ocean. Specific threat assessments are provided for port/choke point transits. Currently,
there is a high level of confidence in the safety of operating out of Japan. The
international waters of operations are sufficiently far from continental areas that will
preclude all, but the largest scale threats or threats directed from the contact of interest. In
the future, it is possible that less funded terrorist cells or states will obtain the ability to
power project S Navy, it can be envisioned that the appropriate proportional response can
be easily adapted. Certainly, if necessary, navy surface combatants can be used to

augment protection of the MTR ship should the combatant commander deem necessary.

Being a US Navy ship, the MTR ship will be considered a target like any other.
There are two competing factors working towards the probability of it being selected as a
target. First, the MTR ship is not a major combatant ship, therefore would probably not
be considered a high value unit by an adversary. However, being a non-combatant, it
could be assumed that it would be a soft target as opposed to a cruiser or aircraft carrier,

so an attack would have a higher perceived chance of success.



A. THREATS
1. Combat Swimmers

Probability: Likely Severity: High

A known tactic used by both terrorist cells and special forces personnel. The
swimmers can attack the hull via several methods including attaching limpet mines to the
hull to fouling the running gear with netting or chains. This threat is mainly to a pier side
ship and can be countered by heavy lighting, sonar, hull armor, small boat patrols, and
stand-off netting.
2. Mines

Probability: Likely Severity: High

Mines are one of the cheapest weapons that can be produced and are fielded by
almost all enemy combatants. This threat is typically encountered in chokepoints or while
entering/leaving port. It can be countered by small boat escort, hull armor, mine detection
gear, hull design considerations (fiberglass, non-magnetic) and channel sweeping.
3. Mortar Attack

Probability: Average Severity: Medium

Mortars can be used to perform a standoff attack when a ship is in port or very
close to land. This method of attack requires is a ballistic trajectory and specific targeting
with a smaller warhead will cause less damage. Increasing standoff range to as maximum
as possible can help deter attacks, while increasing hull and topside protection will
increase survivability.
4. RPG Attack

Probability: Likely Severity: Medium

Like mines, RPGs are proliferated throughout the world. Although best used
against helicopters and mechanized ground equipment, it is still able to inflicted moderate
damage to a warship. It can be countered by incorporating large standoff distances and

physical armor protection.



5. Low Slow Flier

Probability: Average Severity: High

This threat exists from a small aircraft, laden with explosives ramming the ship
such as in a kamikaze attack. Active defense against this attack would be crew-served
weapons, backed up by survivability concerns from topside explosions/penetration.
6. Small Boat Attack

Probability: Likely Severity: High

A known tactic for both terrorist cells and nation-states, small boats present a
large threat pier side or in areas where the ship is unable to maneuver. Having organic
small boats to shoulders off attackers and larger crew-served weapons can deter attackers.
7. CBR attack

Probability: Low Severity: High

The mode of delivery of these types of weapons could fall in the above categories
or could be package. Theses devices attack only the crew and the defenses include CBR
gear and airtight integrity within zones of the hull. In addition, counter measure wash
down systems and decontamination chambers can help minimize the consequences of an
attack.
8. Unmanned Vehicles

Probability: Likely Severity: Medium

Just as the United States ramps up its use of unmanned vehicles for surveillance
and attack, so are its adversaries. This allows a large standoff distance for the attacker
and a small target to detect and destroy. It would be suspected that the deliverable
payload would be smaller, so that defenses would include those the same for mortars or
RPGs.
9. Large Boat Attack

Probability: Low Severity: High

Like the low, slow flier scenario it is possible that adversaries would use a
hijacked merchant ship (LNG would be worse case) to use as a ram to the MTR ship. In
open ocean, the MTR ship has the ability to maneuver so this threat is minimized, but

pier side or in restricted maneuvering the threat exists. Short of sinking the hijacked ship



before collision, there is no way to stop it. Therefore, survivability concerns considered to
minimize this threat include the use of double hulls and water tight integrity.
10. Information Warfare

Probability: Medium Severity: Low

As command and control for the ship becomes more complicated, its vulnerability
to attack also increases. This type of attack may have an infinite stand-off distance if the
ship has connectivity into satellite or land based networks. The approach to counteract
this threat can be two fold. First, the systems can be designed to minimize susceptibility,
such as encryption. Another alternative is to not use these advanced networks and stick to
older style systems for communication and information transfer that are not accessible by
computer attack.
B. CONCLUSIONS

Defense design for all of these threats falls into three categories. First, the ship
can be designed for survivability. Many of the threats are one hit events, so if the ship can
survive the initial encounter with minimal impact it can still complete its mission or at a
minimum transit for repair. Second, the ship can be equipped with the ability to make
threats standoff. This may be part of a concept of operations involving assets that are both
inorganic and embarked elements. Third, active offensive capability can be used to
destroy known threats before they reach engagement range. Although the first two
categories are primarily passive in nature, the third requires command and control to
make real time identification and engagement decisions. All of the types will impact

design choices for ship engineering, manning, and operations.



Il.  WEAPON SYSTEMS: AIR DEFENSE

The MTR ship is relatively a base of operations from which to launch interceptors
and helicopters. It however, still needs a self protection capability. These weapons are
chosen based on the threat analysis. For the primary mission, the MTR ship will
encounter several merchant ships which may or may not be help by terrorists. It is not
unreasonable to assume that an organization could place a ship to ship missile on board a
merchant. For this analysis we will assume that a hostile merchant ship can be outfitted
with four Styx missiles. This is instance is not likely as explained by the threat analysis,
but is not impossible to accomplish. The characteristics of the Styx missile are given
below.

o Speed: Mach 0.9
o Range: 45 NM
. Active Radar: L-band (1 GHz) + IR Seeker

For air defense, the MTR ship will adopt a standard layered depth strategy
utilizing the Phalanx close in weapons system (CIWS) and Rolling Airframe Missile
(RAM). These are placed on the ship such that a minimum of one of each of these

systems can align to the threat vector. This weapon numbering is justified as follows:

It is assumed that only one merchant ship would be firing on the MTR ship in a

stream raid (10 sec interval) along a common threat axis.

Given the following assumptions:

. Range at detection: 25 NM — based on height of 48E to radar
horizon