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IFOREWORD

his report describes the MULTI-PURPOSE SHIP (MPS) and its application in Mili-
tary Transportb and was prepared by the staff of the Navy's Surface Effect Ship
Acquisition Proje~~he study report contains two volumes:

Volume I includes 8 sections. Section 1 presents a brief introduction; Section
2 summarizes the MPS point design characteristics; Section 3 describes the
ship's performance; Section 4 compresses descriptions of all the ship's sub-
systems in a concise narrative form with supporting illustrations; Section 5
delineates the ship's crew and functions; Section 6 analyzes the compatibility
between the stowage and handling requirements of the payload and the various
options available in the selection of primary ship proportions and design

! * features; Section 7 highlights the significant conclusion resulting from the
|study effort; Section 8 presents the technical appendices supporting the MPS

J point design.K,

Volume II, COST REPORT, includes seven sections plus appendices covering
such topics as the overall acquisition and contracting program, period of
performance, lead times required for the purchase of various material and

equipments, manpower requirements, and shipbuilding facilities.

The COST REPORT also contains estimates for the lead ship, the first produc-
tion ship, and a follow-on production for a total production of 14 ships.I

*1
]

I

* ii



TABLE OF CONTENTS

SECTION PG

FOREWORD.................. . . ..... . .. .. .. .. ... i ii

1. INTRODUCTION. .. .................... 1-1

2. MP'S REPORT SUMMARY. .. ................ 2-1

2.1 DESIGN RATIONALE .. .. .............. 2-1
2.2 TECHNICAL FEATURES DERIVED FROM RATIONALE . . .. 2-2
2.3 OPERATIONAL FEATURES REALIZED. .. ........ 2-2
2.4 APPLICATIONS .. .. ................ 2-7

*2.5 SHIP DESCRIPTION .. .. .............. 2-7

2.5.1 Compartmentation and Arrangements .. .. .. 2-7
2.5.2 Lift and Propulsion Systems .. .. ..... 2-11
2.5.3 Other Systems .. .. ............ 2-11
2.5.4 Outfit and Furnishings. .. ........ 2-11

2. 6 CARGO STOWAGE AND HANDLING .. .. ......... 2-11
2.7 MILITARY LOAD CAPABILITY .. .. .......... 2-12
2.8 SHIP DELIVERY. .. ................ 2-12

3. SHIP PERFORMANCE. .. ................. 3-1

3.1 GENERAL. .. .................... 3-1
3.2 THRUST, DRAG AND SPEED .. .. ........... 3-3

3.2.1 Cushionborne. .. ............. 3-3
3.2.2 Huilborne .. .. .............. 3-3

3.3 RANGE AND PAYLOAD. .. .............. 3-7

3.3.1 Cushionborne. .. ............. 3-7
3.3.2 Huilborne .. .. .............. 3-17

3.4 MANEUVERABILITY. .. ............... 3-17

3.4.1 High Speed Turning. .. .......... 3-17
3.4.2 Low Speed and Docking Maneuver. .. .... 3-22

3.5 STABILITY. .. .................. 3-22

3.5.1 Intact Stability. .. ........... 3-22

3.5.2 Stability in Damaged Condition. .. .... 3-22

4. SUBSYSTEM DESCRIPTION .. .. .............. 4-1

4.1 HULL STRUCTURE .. .. ............... 4-1

4.1.1 Structural Arrangement. .. ........ 4-1
4.1.2 Operational Envelopes .. .. ........ 4-1
4.1.3 Hull Materials. .. ............ 4-8
4.1.4 Fabrication Methods .. .. ......... 4-10
4.1.5 Structural Weight Breakdowan.. .. ..... 4-12

4.1.6 Structural Risk Assessment. .. ....... 4-12



TABLE OF CONTENTS (continued)

SECTION PAGE

4.2 SEAL STRUCTURE .. .. ............... 4-13

4.2.1 Seal Description. .. ....... .... 4-13
4.2.2 Seal Loads. .. .............. 4-21
4.2.3 Seal Arrangements .. .. .......... 4-23
4.2.4 Seal Weight Breakdown .. .. ........ 4-23
4.2.5 Seal Risk Assessment. .. ......... 4-23

4.3 PROPULSION SYSTEM. .. ............... 4-26

4.3.1 Propulsion System Description. .. ... .. 4-26
4.3.2 Propulsion System Arrangement. .. ......4-26
4.3.3 Machinery Characteristics. .. ... .... 4-26

4.3.3.1 Gas Turbine System .. .. ..... 4-26
4.3.3.2 Diesel Systems .. .. ....... 4-30
4.3.3.3 Transmission System. .. ...... 4-34
4.3.3.4 Propulsion System .. .... ... 4-39
4.3.3.5 Combustion Air Intake .. ... .. 4-44
4.3.3.6 Exhaust Gas Uptakes ..... .. 4-44
4.3.3.7 Propulsion Lube Oil Sys tem .. . 4-46

4.3.4 Propulsion System Operation .. .. ..... 4-46

4.3.4.1 Hullborne Operation. .. ...... 4-46
4.3.4.2 Hump Transition. .. ....... 4-46
4.3.4.3 High Speed Cruise Operation . . . 4-46

4.3.5 Propulsion Weight Breakdown .. .. ..... 4-48
4.3.6 Propulsion System Risk Assessment .. .. .. 4-49

4.4 LIFT SYSTEM. .. .................. 4-49

4.4.1 Lift System Description .. .. ........4-49
4.4.2 Lift System Arrangement .. .. ..... .. 4-51
4.4.3 Lift System Components and Characteristics 4-51

4.4.3.1 Prime Mo~vers .. .. ........ 4-51
4.4.3.2 Gear Box .. .. .......... 4-51
4.4.3.3 Lift Fan .. .. .......... 4-53
4.4.3.4 Lift Air Intake System .. .. ... 4-60
4.4.3.5 Lift Air Distribution System .. 4-62

4.4.4 Lift System Operation .. .. .........4-62
4.4.5 Lift System Weight Breakdown. .. ..... 4-62
4.4.6 Lift System Risk Assessment .. .. ..... 4-62

4.5 ELECTRICAL SYSTEM. .. ............... 4-63

4.5.1 Electrical System Description. .. ... .. 4-64
4.5.2 Electrical System Arrangement. .. ......4-64
4.5.3 Electrical System Characteristics. .. .... 4-64
4.5.4 Electrical System Weight Breakdown . . .. 4-65
4.5.5 Electrical System Risk Assessment.......4-65

[ iv



TABLE OF CONTENTS (continued)

SECTION PAGE

4.6 NAVIGATION, CONTROL AND COMMUNICATION ........ .4-65

(NCC) SYSTEM

4.6.1 NCC System Description ... ......... ... 4-65

4.6.2 System Characteristics ... .......... . 4-66
4.6.3 NCC System Weight Breakdown ........... ... 4-68

4.7 AUXILIARY SYSTEMS ...... ................ ... 4-68

4.7.1 Auxiliary Systems Description .......... 4-68
4.7.2 Auxiliary Systems Arrangement .......... 4-68
4.7.3 Auxiliary Systems Characteristics ........ 4-69

4.7.3.1 Climate Control Systems . . ... 4-69
4.7.3.2 Seawater Systems ............ ... 4-69

4.7.3.3 Freshwater Systems ........... ... 4-70
4.7.3.4 Fuels and Lubricants Systems... 4-70
4.7.3.5 Air Gas and Miscellaneous Systems 4-71
4.7.3.6 Underway Replenishment Systems.. 4-71
4.7.3.7 Mechanical Handling Systems . . . 4-71
4.7.3.8 Steering System ........... ... 4-72
4.7.3.9 Pollution Control System ........ 4-72

4.7.3.10 Auxiliary System Weight Breakdown 4-72
4.7.3.11 Auxiliary System Risk Assessment. 4-72

4.8 OUTFIT AND FURNISHINGS ..... .............. ... 4-72

4.8.1 Summary Description .... ............ ... 4-72
4.8.2 Outfit and Furnishings Arrangements . ... 4-72
4.8.3 Outfit and Furnishings Weight ....... .4-76

4.9 DESIGN WEIGHT ....... .................. ... 4-76

4.9.1 Weight Summary ..... .............. ... 4-76
4.9.2 Structure-SWBS Group 100 ........... ... 4-77
4.9.3 Propulsion Plant-SWBS Group 200 ......... 4-77
4.9.4 Electrical System-SWBS Group 300 ....... 4-77
4.9.5 Navigation, Control and Communication ... 4-78

Systems-SWBS Group 400
4.9.6 Auxiliary Systems-SWBS Group 500 ....... 4-78
4.9.7 Lift System-SWBS Group 567 .......... .. 4-79
4.9.8 Outfit & Furnishings-SWBS Group 600. . . 4-79
4.9.9 Bow Seal Weight Estimate ........... ... 4-80
4.9.10 Stern Seal Weight Estimate .......... . 4-81

4.9.11 Variable Loads Weight Estimate ........ .4-81
4.9.12 Cargo Loading Systems Weight Estimate ... 4-82

5. MANNING AND HABITABILITY ...... ................ ... 5-1

5.1 MANNING CONCEPT ...... ................. ... 5-1

5.2 HABITABILITY ....... ................... ... 5-1

v



TABLE OF CONTENTS (continued)

SECTION PAGE

6. PAYLOAD .. .. ...................... 6-1

6.1 PAYLOAD INTERFACE TRADE STUDY. .. ........ 6-1

6.1.1 Payload Description .. .. ......... 6-1

6.1.1.1 Military Payload .. .. ...... 6-1
6.1.1.2 Commercial Payload .. .. ...... 6-4

6.1.2 Ship Proportion Options .. .. ....... 6-4

6.1.2.1 Ship Design Factors. .. ..... 6-4
6.1.2.2 Assessment of Ship Proportion 6-4

Options

6.1.3 Access and Handling Systems .. .. ...... 6-5

6.1.3.1 Cargo Handling Systems .. .. .... 6-5
6.1.3.2 Selection of Cargo Ingresses/ . 6-8

Egresses
6.1.3.3 Weight Estimate of Cargo. .. .... 6-8

Handling Systems

6.1.4 Payload Stowage Analysis. .. ....... 6-8

6.1.4.1 Payload Stowage and Handling . . . 6-14
6.1.4.2 Area Requirements for Access . . . 6-14

and Handling
6.1.4.3 Ship Arrangement Considerations . 6-22

6.1.5 Preliminary Time Line Analysis. .. .... 6-23

6.1.5.1 Approach .. .. .......... 6-23

6.1.5.2 Analysis .. .. .......... 6-24
616 6.1.5.3 Results. .. ........... 6-24
616Summary of Payload Interface Study . . . . 6-24

6.2 LOGISTIC CONSIDERATIONS. .. ........... 6-25

6.2.1 Operating Profiles. .. .......... 6-25
6.2.2 Logistic and Support Concepts .. .. .... 6-26

6.2.2.1 Maintenance and Support Concept .6-26

6.2.2.2 Reliability and Availability. . 6-29
Concept

7. CONCLUSIONS .. .. .................... 7-1

8. APPENDICES. .. ..................... 8-1

Appendix A - Comparison of MPS with Other Cargo Ships. 8-2
Appendix B - Cargo Loading/Off-Loading System .. .. .. 8-10

Preliminary Analysis
Appendix C - Operating Profile Rationale for 14PS 8-16
Appendix D - Wind and Sea Scale for Fully Arisen Sea .8-17

vi



LIST OF FIGURES

FIGURE PAGE

2-1 Cushionborne Drag vs Velocity in SS-3 ............. 2-3
2-2 Average Velocity vs Range at Mission Power ........ . 2-4

Cushionborne in SS-3
2-3 Payload vs Range at Diesel Power (14,000 SHP). 2-5

Hullborne in SS-3
2-4 Principal Characteristics ..... ............... ... 2-8
2-5 Deck Layout ......... ...................... ... 2-10

3-1 Optimum Lift Power vs Velocity in SS-3 .......... .. 3-2

for Various Displacements
3-2 Maximum Velocity vs Significant Wave Height. ...... ... 3-4

at Normal Power
3-3 Maximum Velocity vs Significant Wave Height ...... 3-5

at Mission power
3-4 Hullborne Drag vs Velocity for 6000, 10,000 and . ... 3-6

14,000 LT Displacements

3-5 Payload vs Range at Normal or Mission Power. ...... ... 3-8
Cushionborne in SS-3

3-6 Payload vs Range at Normal or Mission Power. ...... ... 3-9
Cushionborne in SS-6

3-7 Velocity vs Distance Travelled at Normal Power, 3-10
Cushionborne in SS-3

3-8 Velocity vs Distance Travelled at Mission Power, . 3-11

Cushionborne in SS-3
3-9 Average Velocity vs Range at Mission Power. ...... ... 3-12

Cushionborne in SS-3
3-10 Endurance vs Range at Normal Power, Cushionborne in. 3-13

SS-3
3-11 Endurance vs Range at Mission Power, Cushionborne in 3-14

SS-3
3-12 Fuel Required vs Distance Travelled at Normal and.. 3-15

Mission Power, Cushionborne in SS-3
3-13 Payload x Velocity as a Function of Initial ......... 3-16

Displacement, Cushionborne in SS-3 at Normal Power
3-14 Payload x Velocity/Fuel as a Function of Initial . . 3-18

Displacement, Cushionborne in SS-3 at Normal Power
3-15 Payload vs Range at Turbine Power (54,000 SHP), 3-19

Hullborne in SS-3
3-16 Fuel Required vs Range at Turbine Power (54,000 SHP),. 3-20

Hullborne in SS-3
3-17 Fuel Required vs Range at Diesel Power (14,000 SHP), 3-21

Hullborne in SS-3
3-18 Estimated Turning Diameter Cushionborne (10,000 LT), 3-23

Displacement, Cushionborne in SS-3

vii



LIST OF FIGURES (continued)

FIGURE PAGE

4-1 Typical Structural Arrangement .... ............ . 4-2

4-2 Typical Structural Section ..... .............. ... 4-3
4-3 Typical Structural Bulkhead ..... .............. ... 4-4
4-4 Removable Third Deck ......... .................. 4-5
4-5 Ships Loads Criteria ....... ................ . 4-6
4-6 Hull Loads Illustrative Example .... ............ ... 4-7
4-7 Bow Seal Configuration ...... ................ ... 4-14
4-8 Stern Seal Configuration ............... 4-±5
4-9 Bow and Stern Seal Details ..... .............. ... 4-17
4-10 Bonded Seam Strength Capabilities .... .......... ... 4-18
4-11 Load Elongation Curve for Rubber Coated Fabric . ... 4-19

Prepared with BAC 211 Adhesive and Uncoated Fabric
4-12 Typical Bow Seal Finger-Schematic ... ........... ... 4-20
4-13 Cushion Pressure in Large Waves .... ............ ... 4-22
4-14 Propulsion System Arrangement .... ............ . 4-27
4-15 CODOG Turbine Reduction Unit .... ............. ... 4-28
4-16 Turbine Reduction Unit, R=l0.02/l...... 4-29
4-17 Propulsor Load Curve used for Engine Performance . . . 4-31

Calculations
4-18 LM-2500 SFC Values for Propulsion Engines .......... 4-32
4-19 Propulsion Engine Room Arrangement - Elevation View.. 4-33
4-20 CODOG Propulsion Machinery Schematic .. ......... ... 4-35
4-21 CODOG Reduction Box ....... .................. ... 4-36
4-22 Turbine Reduction Gearbox, R=5.143/1 .. ......... ... 4-37
4-23 Cutaway of CODOG Gearbox ..... .............. ... 4-40
4-24 Propeller Performance Envelope .... ............ . 4-42
4-25 Engine Air Inlet (Elevation View) ... ........... ... 4-45
4-26 Propulsion Engine Lube Oil System ... ........... ... 4-47
4-27 Machinery Arrangement ...... ................. ... 4-50
4-28 Lift System Machinery Set ..... ............... ... 4-52
4-29 MPS Type Lift Fan During Installation ............ ... 4-54
4-30 MPS Lift Fan Side View ...... ................ ... 4-55
4-31 Rotary Diffuser Fan During Assembly ............ ... 4-56
4-32 General Performance of Full Size RD Wheel ... ....... 4-57
4-33 Fan-Noise Characteristics ..... ............... ... 4-61
4-34 01 Level and Main Deck House .... ............. ... 4-73

6-1 Inboard Centerline Profile and Stern View .......... 6-9
6-2 Main and Second Decks ...... ................. ... 6-10
6-3 Third and Fourth Decks ...... ................ ... 6-11
6-4 Fifth and Sixth Decks ....... ............... .. 6-12
6-5 Arrangement of 1/2 Airborne Division on Second . ... 6-15

and Third Decks
6-6 Arrangement of 1/2 Airborne Division on Fourth . ... 6-16

and Fifth Decks

dv

viii



j LIST OF FIGURES (continued)

FIGURES PAGE

6-7 Arrangement of 1/5 Armored Division on Second Deck 6-17
6-8 Arrangement of 1/5 Armored Division on Fourth and. .. 6-18

Fifth Decks

A-1 Cargo Ship Comparison .. .. ............... 8-4
A-2 Container Cargo, 3900 nm Transit. .. ..........8-8
A-3 RO/RO Cargo, 3900 ran Transit. .. ............ 8-9

ix



LIST OF TABLES

TABLE PAGE

2-i Comparison of MPS With Other Containerships ........... ... 2-6
2-i1 MPS Weight Estimates (LT) ...... ................. ... 2-9
2-ill MPS-Summary of Performance -- Cushionborne .......... ... 2-13

4-i MPS Performance Envelope ...... ................. ... 4-8
4-il Candidate Base Plate Materials ..... .............. ... 4-9
4-l1 Panel Ship Fabrication/Mechanized Welding ............ ... 4-10
4-iv List of Known Panel Line Facilities .... ............ ... 4-11
4-v Weight of Structure SWBS Group 100 .... ............ ... 4-12
4-vi Summary of Seal Structural Design Criteria ......... ... 4-16
4-vii Characteristics of Bag and Finger Materials ........... ... 4-21
4-viil Bow Seal Weight Estimate ...... ................. ... 4-24
4-ix Stern Seal Weight Estimate ...... ................ ... 4-25
4-x Transmission Details ...... ................... .... 4-38
4-xi Estimated Performance 12 Foot Diameter Controllable. . . . 4-43

Pitch 360 Design RPM Propeller
4-xii Weight of Propulsion Plant SWBS Group 200......... 4-48
4-xiii Lift System Performance Requirements (10,000 LT) ..... . 4-58
4-xiv Lift System Performance Requirements (15,000 LT) ..... . 4-59
4-xv Weight of Lift System SWBS Group 567 ... ........... ... 4-63
4-xvi Weight of Electrical System SWBS Group 300 .......... ... 4-65
4-xvii Exterior Communication Suite ... ............... 4-67
4-xviii Weight of Navigation, Control and Communication Systems. 4-68

SWBS Group 400
4-xix Weight of Auxiliary Systems SWBS Group 500 .......... ... 4-74
4-xx Weight of Outfit and Furnishings SWBS Group 600 ......... 4-75

5-I Comparative Manning Requirements of Conventional and . . 5-2
SES Milti-Purpose Ships

5-i Projected Manpower Utilization ..... .............. ... 5-3
5-iii Variable Loads Weight Estimate ..... .............. ... 5-4

6-i Airborne Division Payload Shipping Configurations ........ 6-2
6-11 Armored Division Payload Shipping Configurations .. ..... 6-3
6-1il Existing Shipboard Ramps ...... ................. ... 6-7
6-iv Weight Estimate of Cargo Handling Systems ............ ... 6-13
6-v Payload Distribution for 1/2 Airborne Division Arrangement 6-19
6-vi Payload Distribution for 1/5 Armored Division Arrangement. 6-20
6-vil Payload Equipment Handling Characteristics .......... ... 6-21
6-viii Arrangement of Containers ...... ................. ... 6-22
6-ix Operating Profile for 30-Day Mission ... ........... ... 6-26
6-x Delivery of Armored Division Equipment During a 30-Day . 6-27

Period
6-xi Delivery of Airborne Division Equipment During a 30-Day. 6-27

Period
6-xii Delivery of Containerized Cargo During a 30-Day Period . 6-28

A-i Principal Characteristics of Cargo Ships .. ......... ... 8-3
A-ii Container Cargo ........ ...................... ... 8-5
A-ill RO/RO Cargo ......... ........................ ... 8-6

x



I I. INTRODUCTION

The technical and production planning material in this report is based on 14
years of technology pursuits, test and evaluation, production analysis, manu-
facture of large surface effect craft, and a wealth of corporate knowledge and

* expertise residing in the U.S. Navy Surface Effect Ships Project Office (SESPO)
and the Navy David Taylor Ship R & D Center. The concept disclosed represents a
distillation of this base and a coalescence of SES attributes in an eminently
practical ship concept of unprecedented performance.

This ship concept was then applied to a real world military operation, the
* rapid transport/deployment of weapons and materials, and tested. Application of

the concept was prompted by a study by Information Spectrum, Inc., which defined
general rapid deployment requirements, and a later study by Rohr Marine, Inc.
entitled "SES Multi-Purpose Transport (MPT)" which established the feasibility
of utilizing surface effect ships to meet future needs of high speed marine
transport. This report goes several steps beyond the latter by reducing the
transport ship to one that can be built and operated in accordance with common
marine shipbuilding and operating practices.

Additionally, the attractive performance spectra of the MPS suggests multi-
purpose applications of the hull in missions other than sealift. Several such
potential uses are: amphibious assault operations; assault follow-on-echelon
resupply; high value cargo/ordnance delivery to a combat task group or forces
afloat; fleet air maintenance and repair of all air capable ships; the use of
the MPS itself as an air capable ship; and in general, commercial applications.

lom-



2. I1PS REPORT SUMMARY

The MPS design evolved largely from hydrodynamic data, performance prediction
techniques, structural system, propulsion, lift fans, cushion seals, and ship
control technology developed within the scope of the SES Program. As a result,
all technology selected for this point design is either commercially available
or has been subjected to considerable testing and/or operation within the scope

* of the SES Development Program or within conventional ship programs. Addi-
tionally, the concept utilizes many innovations that have helped to evolve a
more mature SES technology that is both practical and applicable over a broader
range of missions, as well as highly competitive with other types of transporta-

* . tion systems. The summary, which follows, describes in detail the first ship of
its kind to integrate all of the above attributes.

2.1 DESIGN RATIONALE

For a number of years the Surface Effect Ship (SES) program has had as its
centerpiece the 3000-ton SES frigate (3KSES). This ship was characterized by
propulsion power approaching that of an aircraft carrier, with high technology
systems and construction methods throughout. It was designed to "transit hump
drag" and actually plane ahead of the ship's pressure wave at speeds approaching
100 knots. The technical, building and funding challenges were substantial.

During 1976 the Navy SES team set about studying alternate ship concepts which
derived the most benefits from the ship's low hull drag characteristics, and
which stressed reasonable costs and conventional ship building practices. After
the termination of 3KSES in 1979, this process was accelerated. A hull form
and configuration began to take shape as the following trade-off s were made:

a. Speed -- traded for range, endurance and seakeeping.

b. Lightweight structures (low ship weight fraction) -- traded
for cheaper materials and easier fabrication.

c. Power -- traded for availability and ease of maintenance,
support and reliability.

d. Low drag high technology seals -- traded for simplicity, low
cost, ease of maintenance and reliability.

e. Lightweight developmental systems -- traded for cheaper, more
durable available systems.

f. Minimum hull drag -- traded for lighter ship dynamic loading and
simpler structures.

2-1



2.2 TECHNICAL AND PHYSICAL FEATURES DERIVED FROM THE DESIGN RATIONALE

a. The ship size is compatible with passage through the Panama Canal. Its
overall length is 686 feet, its overall beam is 105 feet and maximum displace-
ment is 15,000 long tons (LT).

b. The shape is that of a high length to beam ratio (L /B = 8.5) ship
which yields the drag characteristics of that shown in Figure 2-1.

c. All propulsion, fan and electrical power is provided by production-
run prime movers, viz, IM-2500 gas turbines and SACM diesels.

d. Sidehulls are large displacement (buoyant) forms with an elevated wet
deck between to accommodate high sea states, off-cushion operations as astandard mode, and all machinery installations in the sidehulls for flexibility

in ship arrangements.

e. The propulsion arrangement is CODOG with operational power options
down to 14,000 hp (diesel) available for long range economical transits, and
up to 120,000 hp (gas turbine) for high speed missions.

f. Simple bag and finger type bow seals are similar to those used in
commercial applications throughout the world.

g. The ship is large with high cushion density to take full advantage of
the favorable payload to power relationships (and other attributes) that exist
at such sizes.

h. The ship is, in the main, shaped and constructed with high strength
(HYlOO) steel to accommodate modern ship construction techniques.

i. Controllable pitch propellers are relatively small with large hubs
installed in such a configuration as to reduce loading and ensure long term
reliability.

2.3 OPERATIONAL FEATURES REALIZED

The ship can operate in either of two modes -- cushionborne or hullborne. With
a light ship weight of about 5400 tons, the cushionborne range and speed charac-
teristics vary as a function of loading (payload plus fuel) in accordance with
the curves in Figure 2-2. Figure 2-3 depicts characteristics in the hullborne
mode.

Fuel usage is optimized by selection of power settings which best fit the
operational or transit needs of the mission. The fuel efficiency (basically,
miles per gallon) of the MPS far exceedlany ship of comparable size or speed.

Comparability of the MPS to other ships is complex because there are so many
variables involved. The MPS's payload to full load displacement fraction is
good with a very high volumetric capability. See Table 2-i for some compari-
sons of the MPS in a container ship configuration. Appendix A provides addi-
tional comparisons of the MPS with other cargo ships.

2-2
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AVERAGE VELOCITY VS RANGE AT MISSION POWER,
CUSHIONBORNE IN SS 3
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PAYLOAD VS RANGE AT DIESEL POWER (14,000 SHP),
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J Seakeeping capability is excellent with high speed operations in Sea State (SS)
6 contemplated. Simple ride control systems (which modulate cushion pressure)
would provide a very comfortable ride in heavy seas.

2.4 APPLICATIONS

With the ship characterized as described, the study team tested the practicality
of the concept in a real world requirement, viz, transport of military hardware
and materials. A Roll-on/Roll-off (RO/RO) transport configuration was designed
and carefully investigated. The bulk of this report deals with a technical dis-
closure and the conceptual design of the MPS in this configuration.

It was found that the MPS RO/RO is a very capable vessel able to carry 20% of
an armored division on a typical 3900 nm transit at an initial speed of 33
knots outward bound and returning empty at 68 knots for an average of about 50
knots round trip. The same ship can carry more than 50% of an airborne
division the same distance at 38 knots outgoing and 68 knots return for an
average of 53 knots round trip. Many other load-out payload/range/speed
alternatives exist and are discussed in later sections.

The unique speed/payload relationships also enhances the ship's ability to
deliver large quantities of cargo over an extended period by making empty
return transits at 60-70 knots. It was also found that the ship's unique
ability to change draft at will makes it very flexible in its ability to
accommodate harbor and pier variations. Experiments to determine the feas-
ibility of off-loading directly onto a beach are being conducted with the
XR-1D and XR-5.

2.5 SHIP DESCRIPTION

Figure 2-4 presents a schematic of the ship showing the basic size, shape, and
features, as well as describing the principal characteristics in tabular form
and Table 2-ii summarizes the major weight categories by the Ship Work Breakdown
Structure (SWBS) format.

2.5.1 Compartmentation and Arrangements

The MPS RO/RO has six decks, suitable for cargo storage (See Figure 2-5). The
design specifically utilizes a rectangular hull configuration which contains
large payload areas unobstructed by machinery space intrusion into the cargo
decks. The clear cargo storage volume contains 2,476,900 cubic feet. In general,
hull access for cargo handling of roll-on/roll-off vehicles and containerized
cargo is provided by loading through the sidehulls forward and aft ramps --
either port or starboard. In addition, five stern ramps provide 10 cargo
loading lanes. The MPS also incorporates a two-level deck house arrangement.
The ship's decks are designated as follows:

02 Level - Pilot House

01 Level - Pilot house, command center, masters' quarters and accommoda-
tions for 48 passengers.
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PRINCIPAL CHARACTERISTICS

WEIGHTS: POWER PLANTS:

Full Load Displacement IFLD$ (LI 15.000 Proplsion Engines (CODOG) Four LM 2500 or 2 SACM diesels

Empty Weight ... ...t. i 5428 lpart of lift system)
Propulsors Four controllable pitch propellers

Fuel - Payload (LT) 9,572 Lift Enqnes Six SACM diesel engines

DIMENSIONS: Lift Fans Six mixed flow fans

Length Overall (LoA) (t 686 CONSTRUCTION-

Beam Overall (BOA (f" 105 StruJcture Welded high strength steel

Wet Deck Height 33 Seals Two dimensional bag and linger

Cushion Pressure (PSFI 680 Electrical Two 1200 KW 60 Hz diesel generators

Effective Cushion Length (ft) 639 Steering Twin rudder, differential thrust reversel
with the propellers and bow thrusters

Effective Cushnon Beam fStI 75

Le B
c 8 52 CREW AND PASSENGER ACCOMMODATIONS IN RO/RO CONFIG:

Cushion Area It
2 )  

47.900 Crew 38 Officers and men

Main Deck Height (ft) 75 P asenoer ; 48

Maximum Navigqrrrrq Dral, mIci Flud-srl fIn 3Ei CARGO SPACE AND WEIGHT IN RO/RO CONFIGURATION:
Mast Height ABL (It) 110 Caro Deck A," M

2 )  
235,000

Cargo Volume Ifr
3 )  

2.476,900

4 1 2 miles of Vehicle Lanes

TOP VIEW STERN VIEW

4-

OS BOARD PROIIIE OW vPROFIL

I I !~ I I I
, ... . . . ----- -.

t t . I I
I I I I I I I I I I I I f' I I I I I I I I MIOSI4IP SECltrI

Ae SOli a t so D rZ , 50 1r 2Jo Ian 210 or{ to( 4 0 t1O Ir 'a 441 50 ,4{In MO 0 EtC aO STETtON 34

INROARO StIDEHtfL PRO~fIE

t FIGURE 2-4
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1st Deck -Main deck house with accommodations for a crew of 38 officers
and men. This deck also contains the crew's mess, crew
lounge, officer's lounge, wardroom, etc. and also has a
cargo area of 35,800 square feet.

2nd Deck - Continuous cargo deck with an area of 60,362 square feet.

3rd Deck - Portable deck with deck area of 44,652 square feet.

4th Deck - Portable deck with a deck area of 62,572 square feet. The
forward lift fans with their diesels are located between
stations 634 and 681.

5th Deck - Tank deck with a deck area of 63,097 square feet.

6th Deck - Machinery deck contains the main propulsion machinery, aft air
cushion fans, auxiliaries, shops, storage and extended range
fuel tanks.

MPS - WEIGHT ESTIMATES (LONG TONS)

SWBS GROUP DESCRIPTION

100 Structure 3917
200 Prop. 255
300 Electric 95
400 Comm. & Surveillance 23
500 Auxiliary 266
567 Lift System 284
600 Outfit and Furnishings 293
700 Armament None
Design and Builders Margin 255

Growth Margin 0
LIGHT SHIP 5388

Personnel 5
Pray. Person Stores -General 8
Lube Oil Hydraulic 14
Potable Water 13

40

Cargo 5950
Removable Decks 188*
Tie Downs 313

PAYLOAD 6451

Fuel 3121

TOTAL (FLD) 15,000

*Removable deck required to fill ship to 15,000 tons with armored
equipment.

TABLE 2-11
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2.5.2 Lift and Propulsion System

The lift system, comprised of six SACM diesel engines running six 6000 cfs
industrial type mixed flow fans, provides the low pressure high volume air flow

which creates the air cushion supporting the ship in cushionborne operations.
The cushion is sealed forward by a rubberized fabric seal of the common bag and
finger type and aft by a common multi-lobe rubberized fabric seal. These types
of seals have seen successful and reliable world-wide service in various air
cushion vehicles.

Two of the fan diesels are connected to the outboard shafts for propulsion in a
combined diesel or gas turbine (CODOG) arrangement with LM-2500 gas turbine
propulsion engines. The purpose of this arrangement is to provide low powered,
up to 15 knots, economical operations in the hullborne mode. Very long ranges
and high endurance result from this arrangement. Four LM-2500 gas turbine
engines, each coupled to a shaft, provide for the higher power requirements of
various missions (hullborne and cushionborne).

2.5.3 Other Systems

The ship is provided with a Navigation and Collision Avoidance System (NAVCAS),
an Exterior and Interior Communications System, and a Ship Control System.
Electrical power is provided by either one of two 1210 KW diesel driven gener-
ators, one diesel dedicated to a generator, the other assignable from the lift
fan system for emergency purposes. A suitable distribution is provided.
Auxiliary machinery, including pumping systems, distilling plants, sewage
disposal system and air conditioning are installed in the sidehulls between
frames 250 and 317.

2.5.4 Outfit and Furnishings

The pilot house, radio room ard navigation support areas are on the centerline
of the 01 level. This central location and height of the pilot house are com-
parable with high speed operations when underway.

Living, working, service and storage space are located in the main deck house.
The galley, crew mess, supporting reefer and associated spaces are also located
near the centerline area of the deck house. This central location provides a
separation of the unlicensed (enlisted) accommodations to the port side of the
deck house and the licensed (officer) accommodations to the starboard.

Workshops are located in either sidehull on the machinery deck about mid-ship.
Repair parts and general storage (flammable liquids) are also on this level.
Ladders, located aft of the engine intakes, lead to the cargo and engineering

spaces below.

2.6 CARGO STOWAGE AND HANDLING

The MPS offers large structurally clear areas for cargo stowage and excellent
access for cargo handling. Main access for the loading and unloading of mobile
cargo is provided by aft side ramps and forward side ramps (both port and star-
board), together with five double lane stern ramps. Hatch openings with flush

1
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fitting hatch covers could be provided throu.qh the main deck for crane handling
of nn-moilecargo.

Internally, ramps are provided for roll-on/roll-off or for fork lift operations
between deck levels. Minimum bulkheads are provided to facilitate internal
cargo movement. Portable crancs -mav be uIsed on1 the weather deck for handling
cargo over the side. The lift fan., can lie used to matchi the cstern ramp heights
to -most pie-r heights. The- ste-rn ramp can be lowered below the waterline to
allow an amphibious vo.hfcl Lco eute*,r or Lcav t h tank< deack. The ramp can also
bec adjusted to permit x~liL.. O drit .ye1, or off small lighters.

- 7 MILITARY LOAD CAPA BILIITY

1he payload stowage areas provide- tlhL capabil it,, for internal stowage of the
Vehicular equipment for 20- e: an rmo division pluis 337 LT of support equip-
ment, pet roleum, oil and lluhr leant:: (POL), repair parts, or miscellaneous supplies
for a 3900 nm ocean transit. Rite raaeLuv, the pavload storage area provides the

capability to internally stow thv aircraft and wheeledl vehicles for 50,; of an
airborne division plus, 363> I-T of equipment, POL, repair parts, or miscellaneous
supplies for the2 same: 3900 n:-, ocean transit. Sue Taible 2-iii for typical loadout
condl it io-ns. The :MPS ha-s a 'oluMt e ait fr 35-', standard 40 foot containers or
1270-20 foot containers and a w~>tcpci:for -'13-.40 font containers (15 LT
each) or 363-20 foot container- (U1 1hi) ea he containers may be loaded or
off-loaded by means of ,straddle oar in the roll-on/roll-off mode or by shore-
side cranes for main doetk stw T. Pallet izeud or break bulk cargo can be simi-
larlv handled usin; fork 1 iftL trci: or low 1 cd trailers for roll-on/roll-off
operat ion.

2.8 SNIP OLYP

From go ahead for an ll ir o;rn, in itial ship o dbe available within 51
months. hiS 11s!7!. L, at L:,, irr rlnr: ls would be completed by

tue (kovernmunt wit:iin aloaa

dur ing, this prli a.c<;u~ o rnr'i"of an RF-P will begin. The
RIP will be for the des i,-: a" riict kion o -i loa 'T'S with follow-on pro-
duction run,; in one yard of i,, i r !Or I _'i uc.L PFP w ill be released one
month af ter complet ionl of ;)I( i:.n ir i ,i %toi an award for design and con-
- truction of the lead "I'S I 1 " oo - ift-Lr re 1 eaqe of the RUP. For planning
purpo ses, the 14 ship ipro,:r v- i lit betweten two shipyards,
although the: ent ire proo-ra?, Ii to1v'. c ard.

3 he design and construct ion of t 1 It i rc(u ire 30 months in each yard
-it h fol low product ion c,71*ipI! t , -_; '% , l - -Ot 1) spans. Construct ion of

teIst produe t ion willipii ii a a i t t- des ian and construct ion of
Slead si -and-j~ .)t threteat ow 1 nh intervals

v ith e ad i i d 1L1i, , L) fe ,4 a ed
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3. SHIP PERFORMANCE

1 3.1 GENERAL

The performance relationships of an SES are a function of ship's weight,
power and sea state; i.e., ship speed increases as fuel load, payload or
sea state decrease and/or the propulsive power is increased. Since an
infinite number of these conditions can be postulated for a specific
point design, the performance is discussed in a general sense under a

i variety of specified conditions. This approach best shows the wide
selection of speed, payload, range and fuel economy available to the MPS
operator. One performance table and twenty one graphs illustrate many
of the operational options.

The graphical data include both cushionborne and hullborne conditions at
various propulsive power levels. Power variation is achieved by operat-
ing the turbines either singly or in several combinations at the indi-
vidual power setting of 27,000 hp per unit. Data are also presented for
all four turbines operating at their mission power rating of 30,000 hp
and for the two CODOG diesels operating at a total of 14,000 hp. Pro-

pulsion thrust lines, used in these graphs, were calculated from infor-
mation presented in the Propulsion Section.

I In general, the MPS can operate in calm water at mission power at approx-
imately 73 knots at a light ship weight of 5400 long tons (LT); however,
when loaded to 15,000 LT, the initial speed is about 30 knots, with
speed gradually increasing as the voyage progresses and fuel is expended.
More specifically, the performance characteristics of the MPS under six
different conditions covering displacement from 5400 LT to the full loadj displacement of 15,000 LT are shown in Table 2-ii.

Estimates of full-scale drag are based on analytical methods that have
i been correlated with model data up to 12,000 LT, Figure 2-1. For heav-

ier displacements, the predictions are based on conservative extrapo-
lations of the model data.

The lift power associated with the drag curve, as a function of speed,
in sea state 3 (SS-3) for various displacements is shown in Figure 3-1.
The MPS mission rating line is the upper boundary of the ship operating
envelope and represents the maximum lift needs for this sea state. A

comparison with the maximum installed lift horsepower shows that there
is considerable surplus power, and for much of the ship's operation in
low sea states only half of the installed power is required. The total
installed power is required in higher sea states for both drag reduction
and ride control.
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OPTIMUM LIFT POWER VS VELOCITY IN SS-3
FOR VARIOUS DISPLACEMENTS
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I

I 3.2 THRUST, DRAG, AIND SPEED

3.2.1 Cushionborne

Figure 2-1 shows six thrust curves for various power levels and seven
drag curves for various gross weights from 5,400 LT to 15,000 LT (FLD),
vs. velocity in SS-3. (Drag calculations have been made for other sea
states up to and including SS-6). The distinctive high hump drag in Lbh.
curve, typical of low L / SES, no longer exists at the lower speed, f
the high L /B ship, even at FLD. Except for the small secondary hump
condition 'n he 20-25 knot region, the IIPS, a high L c/B ship, always
operates sub-hump.

I The effect of ship's displacement on speed is obvious and demonstrates
how the MPS can take advantage of reduced load (by burning off fuel or
returning empty). For example, at FLD and normal power the ship has an
initial speed of about 25 knots. The same ship at 5400 LT will have
speed of 70 knots. This unique performance trait can be compared with
conventional cargo ships which characteristically operate at essentially
constant speed from FLD to light ship condition regardless of the power
level.

The variation of ship's speed as a function of two power settings, i.e.,
normal power rating (108,000 hp) and mission power rating (120,000 hp)
is shown on Figures 3-2 and 3-3, respectively; the effect of the higher
power is to increase speed by approximately two to three knots over the

jfull range of displacements.
The influence of sea state on speed for a ship of this displacement is
fairly small up to about mid-SS-5 (10 feet significant wave height),
beyond which the speed reduction for all displacements is on the order
cf 8-10% relative to calm water. For mid-SS-6 (15 feet significant wave
height) the percentage speed reduction is more significant and is
dependent on the ship's displacement. (See Appendix D for table des-
cribing wave heights).

3.2.2 Hullborne

FLgure 3-4 shows curves ot thrust and drag of the hullborne ship in SS-
(4.0 feet significant wave height) and SS-5 (10 feet significant waveIheight). Data are for displacements of 6,000, 10,000 and 14,000 LT.
For other displacements, the information can be obtained with sufficient
accuracy by interpolation. As shown on the hullborne mode curves, the

I 4hip performs much like a conventional ship with little or no speed
variations with displacement. Thus, in SS-3, as the ship displacement
decreases from 14,000 LT to 6,000 LT, the speed increases from 23 knots
to 27 knots. The effect of sea state is also small; at mission power.
the degradation in speed from SS-0 (practically the same as SS-3) to SS-
5 is less than 20% for all ship displacemnts. The low speed operation

- of the MPS using diesel engines is noteworthy. With only 14,000 hp, the
speed in SS-3 varies from 13.5 knots at 14,000 LT to 15.5 knots at 6,000
LT. Operating with only one diesel, speeds between 10-12 knots are

1. possible.
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MAXIMUM VELOCITY VS SIGNIFICANT WAVE HEIGHT
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HULLBQRNE DRAG VS VELOCITY,
FOR 6000, 10,000 14,000 LT DISPLACEMENTS
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3.3 RANGE AND PAYLOAD

3.3.1 Cushionborne

Payload versus range is presented in Figures 3-5 and 3-6 for SS-3 and
SS-6. These curves are applicable for both normal and mission power
ratings, there being no significant difference between the two graphs.
The reason for this is that the higher mission power rating is charac-
terized by a lower specific fuel consumption so that the total fuel
required in both cases differs only slightly.

Figures 3-7 through 3-12 are convenient for estimating ships' perfor-
mance such as payload range and transit time under varying conditions of
sea state, power and displacement. Figure 3-7 and Figure 3-8 present
Velocity vs. Distance Travelled and Velocity vs. Range for the normal
and mission power rating and at various displacements from 6,000 LT
through 15,000 LT.

For a required range and payload the curves give the initial displace-
ment required and the instantaneous velocities at any point in the
distance travelled. The vertical axis gives instantaneous velocity, the
horizontal axis distance travelled, the horizontal lines are for con-
stant payload and the inclined lines are for constant displacement.

For example, if a range of 7000 nm, payload of 1,400 LT and displacement
of 10,000 LT describes the ship mission profile, then Figure 3-7 shows
that for normal power, the instantaneous speed at the end of 7,000 nm is
59 knots. Following along the constant 10,000 LT displacement line, it
can be seen that the initial speed was 42.5 knots with intermediate
speeds defined according to the distance travelled. Figure 3-9 shows
that the average velocity for the 7,000 nm trip at normal power is 51
knots with an endurance of 137 hours as shown in Figure 3-10.

For the mission power rating, Figure 3-8 shows that the starting speed
for the 7,000 nm., 1,400 LT payload case is 48 knots, and final speed is
63 knots. The average trip speed is 55 knots as shown in Figure 2-2 and
the endurance of 127 hours as shown in Figure 3-11.

The range/fuel required relationship for the displacement considered in
the previous example is shown in Figure 3-12. For the 10,000 LT, 7,000
nm case, the fuel required is 3,200 LT. If 1,400 LT of fuel is substi-
tuted for payload, the range would be increased to 9,600 rum. The total
fuel expended would be 4,600 LT. The curve also shows that fuel con-
sumption increases with increased initial displacement. This is a
consequence of the increased hydrodynamic drag with increasing ship
displacement -- but drag alone is not an absolute measure of the effec-
tiveness of loading the MPS to any particular displacement. A more
useful measure of mission effectiveness is payload times velocity in
knots as shown in Figure 3.13, where it is expressed as nautical miles x
payload per hour.

3-7
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PAYLOAD VS RANGE -NORMAL OR MISSION POWER,
CUSHIONBORNE IN SS 3
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VELOCITY VS DISTANCE TRAVELLED AT NORMAL POWER,
CUSHIONBORNE IN SS 3
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AVERAGE VELOCITY VS RANGE AT MISSION POWER,
CUSHIONBORNE IN SS 3
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ENDURANCE VS RANGE AT NORMAL POWER,
CUSHIONBORNE IN SS 3
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FUEL REQUIRED VS DISTANCE TRAVELED
AT NORMAL AND MISSION POWER,

CUSHIONBORNE IN SS 3
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PAYLOAD X VELOCITY AS A FUNCTION OF INITIAL DISPLACEMENT,
CUSHIONBORNE IN SS 3 AT NORMAL POWER
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Results are based on the block-time or one round trip. The payload is
carried on the outward leg, and the velocity is the average for the
complete round trip. The example curves shown are for round trips of
7,800 and 9,800 nm. Corresponding curves can be produced for different
ranges.

It can be seen that the product of payload and mean velocity continues
to increase up to the maximum design displacement of 15,000 LT. This
implies that if the purpose of the ship's mission is to transport as
much cargo as possible at maximum speed, without regard to other fac-
tors, then the ship should always be loaded to 15,000 LT.

If, on the other hand, fuel economy is of prime importance, one would be
guided by the relationships shown on Figure 3-14 which give plots of
payload x velocity/fuel weight as a function of initial displacement for
round trips of 7,800 nm and 9,800 nm, respectively. The curves show
that the most efficient initial loading for the ship per unit weight of
fuel is 12,750 LT for both cases.

3.3.2 Hullborne

The remaining three graphs show the ship's performance in the hullborne
modes -- the first two curves are for the two turbine 54,000 hp case and
the last two for the 14,000 hp diesel case.

Using the 15,000 LT example we can see from Figure 3-15 that the ship
can carry 1,000 LT of payload 22,000 nm at an average speed of 25 knots
in SS-3 (Figure 3-4) or 9,200 LT of payload for a distance of 1,000 runm
at an average speed of 23 knots. The fuel required for these ranges
(Figure 3-16) is 9,200 LT and 600 LT, respectively. All intermediate
payload/range values for the six representative displacements can be
found in a similar manner.

The final payload/range example is for the two diesel (14,000 hp) power
levels. Again, referring to the 15,000 LT example, the MPS can carry
1,000 tons of payload for 42,500 nm or 9,400 LT of payload for 1,000 nm
(Figure 2-3). The fuel requirements for these ranges are 8,500 LT and
about 200 LT, respectively (Figure 3-17). Average speed for both cases
is in the 14-15 knot range for SS-3.

3.4 MANEUVERABILITY

Preliminary calculations show that the MPS will have turning character-

istics comparable or better than those of equivalent conventional ships.

3.4.1 High Speed Turning

Maneuvering can be effected by the use of rudders and/or variable pitch
propellers. The propellers, located in the two sidewalls, are relative-
ly widely spaced compared with those in conventional hulls, and there-

fore provide a significant amount of turning moment by means of differ-
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PAYLOAD X VELOCITY AS A FUNCTION OF INITIAL DISPLACEMENT,
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PAYLOAD VS RANGE AT TURBINE POWER (54,000 SHP),
HULLBORNE IN SS 3
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FUEL REQUIRED VS RANGE AT TURBINE POWER (54,000 SHP)
HULLBORNE IN SS 3
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ential thrust in addition to that given by the rudders. Figure 3-18
shows calculated turning diameters for two rudder areas using rudders
only for turning. The maximum turning diameter occurs at about 32 knots
for either rudder area. For the 200 square feet rudders the maximum is
approximately 12,000 feet and for 100 square feet, 20,500 feet. At
other speeds the turning radius is smaller: for example at 20 knots, in
the range of 6,000 - 8,000 feet diameter. Combining the rudders with
differential thrust will further reduce the turning diameters. Consid-
ering the speed and size of the ship, the turning diameters are accept-
able. It is assumed, therefore, that rudders in the area range of 100-
200 square feet per side will be satisfactory for steering. The precise
rudder size will be determined at the next stage of des~ign.

3.4.2 Low Speed And Docking Maneuver

The ship is equipped with bow thrusters. These together with the dif-
ferential and reversing capability of the propellers ensure that under
normal circumstances the ship is self-steering and that tugs are not
required.

3.5 STABILITY

The intact and damage stability investigation of the MPS is based on the
requirements of NAVSEA DDS 079-1. Computations were performed using a
computer program known as ARCC4. The program solves for values of roll
angle, trim angle and draft so that the center of gravity is on the same
vertical line as the center of buoyancy when the weight equals the
buoyancy. A number of different loading conditions which cover the full
range of payload/fuel combinations were considered.

3.5.1 Intact Stability

Calculations show that the intact stability far exceeds Navy require-
ments. The physical explanation for this is that the "catamaran" ar-
rangement of the MPS produces considerable roll stiffness. Thus, for a
100 knot beam wind, roll angle is in the range of 1 - 2 degrees. For
the worst loading case considered, the range of positive stability is 56
degrees. It is considered that the range of stability combined with the
high roll stiffness is sufficient to ensure a safe ship in any envi-
sioned operational sea state.

3.5.2 Stability In Damaged Condition

Damage stability was examined for the two conditions of longitudinal
damage specified in DDS 079-1 Part III, namely, a shell opening equal in
length to 15 percent of the design water line length with 50 percent
penetration, and a shell opening equal to 50 percent of the design
waterline length with transverse extent to the first inboard longitu-
dinal bulkhead (no less than 10 percent of the beam). The two condi-
tions were considered in conjunction with various payload/fuel combi-
nations. For the vast majority of cases considered, the ship satisfied
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the NAVSEA criteria. The margin line in the forward and after sections
of the MPS will be sufficient to result in a satisfactory damage stabil-
ity for all specified cases.
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4. SUBSYSTEM DESCRIPTIONS

4.1 HULL STRUCTURE

4.1.1 Structural Arrangement

The hull consists of a box-like centerbody with integral catamaran-like rigid
sidehulls. Hull panels are longitudinally stiffened and supported by trans-
verse beams, arranged as an "egg crate", Figure 4-1. Sidehulls are faired for
proper hydrodynamic performance, and at fore and aft locations are compatible
with the seals arrangement. The sidehulls are extended forward at the bow to
absorb transverse loads in the seal bag and thus to reduce stresses in the seal
seams.

The fourth deck is located near the neutral axis and contributes little to the
bending resistance of the hull. Scantlings for this deck are determined only by
local cargo loads. For this reason, portions of the fourth deck are made remov-
able to save weight when deck space is not needed. An additional removable deck
is provided between the second and fourth decks. The removable decks will be
used when an airborne division is loaded or when units of an armored division are
carried.

The bow structure angle of 30 degrees was chosen to minimize hullborne slamming
loads. This ramp structure is provided with approximately 200 square feet of
vent openings to provide a pressure relief system for the bow seal bag. Figures
4-1, 4-2 and 4-3 show the ship's structural arrangement and dimensions. Figure
4-4 shows removable cargo deck details.

4.1.2 Operational Envelopes

The MP'S is designed to operate in the open ocean (the North Atlantic) for twenty
years (67,000 operational hours) within the performance envelope provided in Table
4-i. Approximately 2/3 of the operational time will be cushionborne and 1/3 hull-

* borne.

The ship's loads criteria, presented in Figure 4-5 were formulated to satisfy
these operational conditions. These preliminary loads are largely based on

* analyses of high L/B SES model data, supplemented by applicable information
derived from the UKSES program and from manned at-sea SES test results.

As in the case of the UKSES, the MP'S loads are based on the 0.999 probability
of survival. This represents, on the average, one chance in a thousand, that
the ship w.ould suffer major structural damage that will cause termination of
the mission.

The safety factors specified in notes to Figure 4-5 are based on risk analyses
performed under the UKSES program and account for uncertainties related to loads
and fabrication variables. Conservatism is provided by the material allowables,
which are based on the minimum rather than the average material properties which
are 10-15 percent higher. Figure 4-6 illustrates the data analysis process that
provided the basis for the MP'S structural loads and safety factors.
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TYPICAL STRUCTURAL BULKHEAD
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TABLE 4-i
MPS PERFORMANCE ENVELOPE

VJ

MODE SEA STATE VK (Kt) DISPLACEMENT HEADING

I Cushionborne 0 60 Kt MOD Any

II Cushionborne 6 30 Kt* ALL Any

III Hullborne 3 15 Kt MOD Any

IV** Hullborne 7-9 Steerage ALL Any

Speed (3-5)

MOD = Mean Operating Displacement

*Forward velocity should be adjusted to obtain same loads as

hullborne conditions IV

**Partial cushion operation may be used to reduce loads

4.1.3 Hull Materials

Candidate materials for the hull structure are summarized in Table 4-11. With
the exception of HTS and X-80-W steels, rolled shapes are unavailable and
frames and stiffeners must be fabricated from plate material. Weight and cost
comparisons for these materials are tabulated below.

HULL MATERIALS - WEIGHT & COST COMPARISON

HTS HY80 HYO0 HY130 AL5456 HSLA STEEL
REPUBLIC X-80-W

Hull
Weight (LT) 5360 4100 3920 3850 2500 4200

Cost* 1.0 1.73 1.65 2.16 2.13 0.60

*Cost relative to HTS hull structure

The newly developed commercial high strength alloy (HSLA) steel represents the

most economically attractive material. Since it exhibits marginal ductility,
it represents a higher risk than the other candidate materials. Recently,

General Motors Research laboratories developed a simple heat treatment for HSLA

steel which greatly improved its ductility without sacrificing the strength.
This and other HSLA steels now being tested to determine their suitability for

marine applications. Aluminum provides the lightest structure but the material

cost is high, fabrication relatively difficult, the structure requires passive
protection from fire and is more prone to fatigue cracking. HTS steel is eco-
nomical and used extensively in ship construction. However, the HTS steel hull
is significantly heavier than any of the high yield (HY) steel hulls and is ruled
out as a candidate material. HY130 steel is marginally lighter than either HY80
or HYI00 steels but costs considerably more and is more difficult to weld. HY100
steel represents the best material compromise for the MPS, with HY80 steel being
a close second.
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Aluminum 5456 is contemplated for the superstructure and for removable decks,
ramps and doors. High strength fire retardant fiberglass will be used in the
deckhouse structure, wherever it is more economical than aluminum.

4.1.4 Fabrication Methods

The basic stiffening arrangement of 36 inch frame and 12 inch longitudinal
stiffener spacing is maintained throughout the ship. Most of the structure
consists of flat, two dimensional elements. Complex surfaces represent a
small percentage of the bull structure and are largely limited to forward
extremities.

These characteristics suggest a modular type construction, where the bull is
assembled from small subassemblies fabricated in a sheltered and controlled
environment. It is envisioned that all stiffened panels will be fabricated
in a panel shop using automated welding. Since the major portion of the weld
footage is contained in stiffened panels, automated panel welding represents
the greatest cost saving. Table 4-1ii susmarizes mechanized processes suit-
able for this ship's construction. Based on current industrial capability
and experience, the first three processes; i.e., gas metal, submerged and
flux-cored arc welding, represent the immediate options for tee and butt
welding.

TABLE 4-111
PANEL SHOP FABRICATION/MECHANIZED WELDING

REPUBLIC ____

HTS X-80-W HY-80 HY-100 HY-130

AVAILABLE MECHANIZED PROCESSES

GAS METAL ARC WELDING (1) (1) (1) (1) (1)

SUBMERGED ARC WELDING* (1) (1) (1) (1) (2)

FLUX CORED ARC WELDING (1) (2) (2) (2) (3)

ALTERNATIVE PROCESSES

LASER BEAM WELDING (3) (3) (3) (3) (2)

ELECTRON BEAM WELDING** (2) (2) (2) (2) (2)

PLASMA ARC WELDING (2) (2) (1) (1) (1)

RESISTANCE/FORGE WELDING (3) (3) (3) (3) (3)

(1) Existing production technology

(2) Base technology available/requires additional development

(3) Requires extensive development

*Flat or horizontal position welding

**Requires vacuum chamber 9
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Electron beam (EB) welding appears a potential candidate for frame and stiffeners
"T" fabrication and may be extended to stiffened panels. The main disadvantage

of this process is that it requires a vacuum chamber which limits the sizes of

suba ssembl ies.

Laser welding is a relatively new technology as yet untested by the shipbuilding
industry. It offers advantages of high speed (50 inches per minute), and a

capability of automatically welding the transverse frames to the longitudinally
stiffened panel. This last operation will be slow and costly if conventional

manual welding is used. Industrial EB or laser welding equipment for mass pro-
ducing fabricated "T" shapes are available but have not been integrated into an
automated commercial facility. For the present, EB and laser welding are con-

sidered as desirable, but not required, fabrication procedures.

Table 4-iv lists existing automated panel welding facilities that could be used

in MPS construction. Stiffened panel subassemblies will be joined into modules

by gas metal, submerged and flux-cored arc welding as appropriate. These pro-
cedures proved to be more economical than conventional manual shielded metal arc
(stick) welding, resulting in up to 50 percent cost saving. Similar welding

techniques will be used for final assembly.

TABLE 4 -iv
LIST OF KNOWN PANEL LINE FACILITIES

1. Avondale Shipyard, New Orleans, Louisiana

2. Bath Iron Works, Bath, Maine

3. Bethlehem Steel Shipyard, Sparrows Point, Maryland

4. Dravo Fabrication, Pittsburgh, Pennsylvania

5. Equitable Shipyard, MadP-onville, Louisiana

6. General Dynamics, Quincy, Massachusetts

7. Halter Marine, Calumet, Louisiana

8. Jeff Boat, Jeffersonville, Indiana

9. Levingston Shipyard, Orange, Texas

10. Litton Ingalls Shipyard, Pascagoula, Mississippi

11. National Steel Shipbuilding and Drydock, San Diego,
California

12. Newport News Shipbuilding, Newport News, Virginia

13. Sun Shipbuilding, Chester, Pennsylvania

14. Todd Shipyard, Los Angeles, California
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4.1.5 Structural Weight Breakdown

Detailed SWBS Group 100 breakdown and percentages of total structure are pre-
sented in Table 4-v.

TABLE 4 -v
WEIGHT OF STRUCTURE SWES GROUP 100

INCLUDING MILL TOLERAN'CES AND WELD MATERIAL

WEIGHT DSRPINWEIGHT % TOTAL
GROUP DSRPINLT STRUCTURE

*110 Shell & Support Structure 1,750.7 44.7

*120 Hull Structure Transverse Bulkheads 108.3 2.8

*130 Hull Decks 1,536.2 39.2

*140 Hull Machinery Flats & Platform 193.4 4.9

150 Deck House Structure (Aluminum) 95.5 2.4

*160 Special Structures (HY-lO0 Steel) 62.0
(Aluminum) 62.2 3.2

170 Masts, King Post & Service Platform 9.0

(Aluminum) 0.2
180 Foundations (Aluminum) 99.7 2.6

100 Hull Structure, Total 3,917.0 100.0

*Constructed from HY-100 Steel

4.1.6 Structural Risk Assessment

Risks associated with any ship structure, including the !fl'S, can be divided into
the following categories:

a. Inadequate hull strength.

b. High fabrication costs.

C. High maintenance costs.

Hull strength is dependent on an accurate assessment of loads, materials and
fabrication variables. MIPS loads are based on extensive towing tank model
tests. These models differ from the MIPS configuration in regards to L c/B
ratio and sidehull shapes. Current indications are that the loads cc
derived from these tests are conservative and that the MIPS configuration will
experience lower slamming loads. Experimnental confirmation of this observation
is needed to further reduce structural weight. The risk related to structural
strength is considered moderate, and will be reduced to negligible as more
loads data and analyses related specifically to MeS are made available.
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There is a modest risk in the materials and fabrication cost areas due mainly to
limited shipyard experience with thin, high strength steel construction; however,
assembly of a structure representative of the MPS hull would provide adequate

experience to eliminate this risk.

* Risks related to structural maintenance are considerably lower than those associ-
ated with aluminum ship maintenance i.e., PHM, AALC etc., and comparable to those
related to high strength steel submarine hull construction. Actually, it is anti-
cipated that thinner scantlings (as compared to a submarine pressure hull) will
provide better toughness and better fatigue life and therefore a substantial
reduction in structural repairs.

* 4.2 SEAL STRUCTURE

4.2.1 Seal Description

The bow and stern seals, Figures 4-7 and 4-8 represent adaptations of the "bag
and finger" type seals successfully used on many ACV's and SES's. The major
factors that influenced the decision to use ''bag and finger"' type seals for the
MPS were: availability of a wealth of data on loads; performance of materials;
and fabrication methods for these seals. Further considerations were the rela-
tive simplicity and low weight of tensioned fabric seals and their demonstrated
ability to perform well in the dynamic environment.

The seals are designed to satisfy the preliminary requirements presented in
Table 4-vi.

Material characteristics are summarized in Table 4-vii. These materials provide
a combination of structural and chemical properties best suited to meet require-
ments dictated by the ship operational environment.

The main structural features of the seals are summarized as follows:

a. Bow Seal - The upper portion of the seal consists of a two dimensional
inflated bag structure that extends straight across the ship and is
contained by the sidehulls. A three lobe arrangement was chosen to
maintain bag material stress levels under 5100 pounds per linear inch
(phi). The 5100 p11 fabric strength represents the current manufac-
turing state-of-the-art. The bag structure is assembled from a number
of elastomer coated panels bonded together at the seams. The spacing
and number of seams are dictated by the maximum width of presently
available commercial fabric that ranges from approximately 4.5 to 20
feet, depending on the method for applying elastomer coating. The
4.5 foot width fabrics are readily available and less costly but will
result in more seams and higher overall construction costs. It is
intended to use only flexible bonded seams since they provide the best
strength and fatigue performance. Typical seam and hard structure
connection details are shown in Figure 4-9. Figures 4-10 and 4-11
provide data on strength of seams and coated fabrics. Seam strength
is one of the critical parameters in seal design. The gap between the
lover bag loop and the water is filled by seal fingers. Figure 4-12
shows a typical finger configuration. All fingers are identically
constructed. Mechanical fasteners at the bag and hard structure
connections allow easy replacement.
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STERN SEAL CONFIGURATION
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SUMMARY OF SEAL STRUCTURAL DESIGN CRITERIA

Critical Combination Bag and Cushion Pressure

Bag Pressure (Pb) - 2100 psf Maximum bag load = 2000 pli

Cushion Pressure (P - 2100 psf Maximum finger load = 650 pli

Drag Loadings

Immersion (ft) 15.0

Speed (kt) 30.0

Water Carry

With Pb - 770 psf, the bag (while filled with water to the bag
inner hinge level) is lifted from the water to cushionborne
position.

Ship is hullborne. Mass of water in bag accelerated at 3.5g at bow

and 2.Og at stern.

Bag and Finger Re-inflation

With Pb - 1500 psf

Bag and finger material acceleration P = 50 g'sc

Water Scooping

With fingers fully immersed and craft backing up at low speeds with
initial acceleration - 1.0g.

Safety Factor

Factor of safety of 2.5 (2.0 for material strength plus 0.5 for

material degradation).

Seal Life

Bag shall be designed for a minimum service life of 5000 oper-
ational hours. Fingers shall have a minimum service life of
1333 operational hours with a maximum of 24 inches of tip wear.

TABLE 4-vi
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BOW AND STERN SEAL DETAILS
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BONDED SEAM STRENGTH CAPABILITIES
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TYPICAL BOW SEAL FINGER (SCHEMATIC)
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TABLE 4-vii
CHARACTERISTICS OF BAG AND FINGER MATERIALS

CHARACTERISTIC BAG FINGERS

Fabric Type Nylon basket weave Nylon 3 x 4 basket

Fabric Weight 50 oz/yd2  53.5 oz/yd2

Coating Neoprene base rubber Isoprene/butadiene

base rubber

Tie-Coat Neoprene base Tie Neoprene base Tie
coat adhesive cost adhesive

Coated Material Weight 180 oz/yd2  170 oz/yd 2

Tensile Strength

Warp 5000 pli (per 2520 pli

linear inch)

Fill 1500 pli 3470 pli

Tear Strength 500 lb (min) 1200 lb

Elongation

Warp 24% 24%

Fill 24% 22%

NOTE: Minimum required finger material strength is 2400
pli in warp and in fill. The above finger material
exceeds this requirement, and was selected because
it was test qualified under the 2KSES development
program.

b. Stern Seal - The stern seal consists of a simple multi-lobe bag similar
to the one successfully tested on several SES testcraft. The hard
structure connections and bag seams are constructed in a manner similar
to the bow seal. Whenever possible the connections for the stern seal
are made interchangeable with those for the bow seal.

4.2.2 Seal Loads

The seal is designed to withstand 3 times the pressure cushion = 2100 psf pressure
in a fully deployed condition. This condition corresponds to the overpressure
loads case and represents the maximum threshold load at which the pressure relief
system is activated. On three occasions the cushion pressure bag loads were
observed during SES-100B tests, Figure 4-13. Other loads shown on Table 4 -vi are
assumed to be less critical. This assumption is supported by 100-ton SES experi-
ence and will be verified by further tests and analysis.

4-21



II

CUSHION PRESSURE IN LARGE WAVES (1 )

300

250--

200LL- 150 I N:

<> 100 ",,' ,,, .J "

= 50n

"' 200
. 150

10-

36 38 40 42 44 46 48 50

t TIME^-SECONDS
t= 36.7

NOTE: (1) IN THIS CONDITION THE SHIP HAS CRESTED
A WAVE AND A THIRD OF ITS LENGTH IS
CLEAR OF THE WATER. THE CUSHION
PRESSURE PLOT SHOWS THIS PRESSURE HAS
DROPPED TO ATMOSPHERIC AT THIS TIME.

FIGURE 4-13

4-22



4.2.3 Seal Arrangements

A single radius bag commonly used in the bow seal was unacceptable because it
required material strengths higher than the current state-of-the-art. A two
lobe bag was considered and rejected because it did not provide sufficient
safety margins for bag strength when environmental effects (material deterio-
ration due to ultra-violet radiation, moisture, fatigue, etc.) were taken
into account. A three lobe bag, Figure 4-7, provides a satisfactory solution,
allowing use of elastomer coated fabrics that industry can produce, yet re-
taining some of the simplicity of the single lobe bag.

Overpressure relief vents in the bow ramp limit bag pressures to not more than
three times the cushion pressure value, thus insuring adequate strength margins
f or connections and seal materials. The sidehulls geometry represents a com-
promise between hull structure weight and the capacity of bow seal seams to
withstand pressure loads. The sidehulls are extended forward to support
sufficient end cap pressure loads to bring the seam stresses to an acceptable
level (< 3000 lbs/in), Figure 4-10 and 4-11. The lower portion of the sidehull
is configured to adequately contain finger movements. Fingers are raked to an
optimum angle to reduce their size and improve performance. The arrangement
of the stern seal is similar to the bow seal, except no fingers are required.

4.2.4 Seal Weight Breakdown

The seal system weight is broken down to major component levels for both the
bow and stern seals. Table 4-viii provides bow seal component weight estimates,
and Table 4-ix gives equivalent stern seal weights.

Weight estimates are based on use of 4.5 to 5.0 feet wide panels of 170-180
oz/yd2 elastomer coated material. A double overlap type bond seam was selected
for weight estimate purposes. Selection of this readily available size panel
increases the number of required seams, and thereby increases the material
weight. Use of material widths approaching 20 feet can reduce fabric material
weight estimates by approximately 40-50 percent.

The fabric material weights given in the tables include the weight of seams and

material for bead attachments. The clamping bead inserts are shown in Figure
4-9. The clamping hardware weights are based on designs shown in this figure
and made of steel.

4.2.5 Seal Risk Assessment

Risk assessment of seals generally can be related to two requirements: (1)

adequate strength, and (2) adequate life. The risk of not meeting the first
requirement is small since stress in seal connections can be controlled by

introducing additional lobes, using vertical cables, or by reducing over-

pressure loads by setting lower thresholds in the pressure relief System.

Experience shows that the risk of failing to meet life requirements is
primarily related to seal elements in frequent contact with the water; i.e.,
tips of the fingers and lower portions of the stern bag. Even though finger
wear cannot be completely eliminated, the rate of wear can be kept at an
acceptable level by taking advantage of recent advancements in seal material
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BOW SEAL WEIGHT ESTIMATE

COMPONENT WEIGHT, LBS

BAG

Lobe panels (180 oz/yd2) 7,970

Straps (170 oz/yd2) 500

End Caps (180 oz/yd2) 3,010

Clamping bead inserts 400

Apron (180 oz/yd2 ) 480

Apron/Finger Attachment Hardware
(steel) 640

BAG 13,000

FINGERS

Set of ten (10) (170 oz/yd2)
(Based on four seams) 28,500

Clamping bead inserts 200

FINGERS 28,700

ATTACHMENT CLAMPS

Bag-to-hull (steel) 5,670

Finger-to-hull (steel) 4,000

ATTACHMENTS 9,670

Total Bow Seal Weight Estimate 51,370

TABLE 4-viii
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TABLE 4 -ix
STERN SEAL WEIGHT ESTIMATE

COMPONENT WEIGHT, LBS

BAG (Multi-Lobe)

Lobe panels (180 oz/yd2 ) 6,645

End caps (180 oz/yd2)
(Toroidal & Conical sections) 8,355

Straps (170 oz/yd2 ) 250

Horizontal web (170 oz/yd2) 4,370

Vertical web (170 oz/yd 2)
(set of five) 6,750

Planning panel (180 oz/yd2) 7,700

Fiberglass sheathing
1/16 inch thick 270

BAG 34,340

ATTACHMENT CLAMPS

Clamping bead inserts 400

Internal clamping hardware
(steel) 1,100

Bag-to-hull (steel) 5,700

ATTACHMENTS 7,200

Total Stern Seal Weight Estimate 41,540

and by using flagellation suppressors, such as stiffening cables integrated
into finger material. The extent of increase in finger life due to the
improvements would be determined by experiments with fingers subjected to
MPS cushion pressures and hoop stresses. At present, extrapolation of
existing data indicates that finger wear rates will probably be within the
requirements presented in Table 4-vi.

Stern bag wear is usually quite small and can be further reduced by use of
fiber glass sheathing or sacrificial elastomer layers. In the past, seals
occasionally were damaged when motions of metallic connecting elements
caused them to come into contact with adjacent soft seal material. The
damage occurred mostly in seal seams. Risk of this damage will be minimized

*by eliminating mechanically fastened seams and by shrouding metallic elements
in rubber.

4-25



4.3 PROPULSION SYSTEM

4.3.1 Propulsion System Description

The MPS main propulsion plant consists of four independent gas turbine powered
drive trains, two in each sidehull driving controllable pitch propellers through
suitable reduction gearing. In addition, the outboard system in each sidehull
may be selectively powered by the two aft lift fan diesel engines through a
combined diesel or gas turbine (CODOG) gearbox and clutching arrangement.

The design philosophy for the propulsion plant is based on the maximum use of
existing proven components. This is achieved by the selection of the proven
LM-2500 gas turbines and SACM 240-V20-RVR diesel marine engines, a CODOG gear-
box system based on the German F-122 Frigate proven hardware, catalog design
controllable pitch propellers and other in production components for maximum
reliability. This propulsion system provides the MPS exceptional flexibility
to select optimum operating combinations to provide highly economical perfor-
mance over the entire operating speed range up to 70 knots.

4.3.2 Propulsion System Arrangement

Figure 4-14 illustrates the propulsion system installation in each sidehull.
The upper (outboard) shaft line illustrates the CODOG installation arrangement,
while the lower shaft line shows the inboard gas turbine propulsion system.
Figure 4-15 illustrates the CODOG installation in greater detail.

During gas turbine operations, power to the 12 foot diameter CP propeller is
provided by the LM2500 engine via turbine coupling, epicyclic reduction gearbox,
Syncronous Self-Shifting (SSS) clutch, CODOG reduction/combining gearbox, and
appropriate shafting, bearings and thrust block. The overall reduction ratio
of the gas turbine drive train is 10.02 to 1.

For diesel operation, power is transmitted to the propeller via a hydraulic
clutch, flexible coupling, SSS clutch and the CODOG gearbox. The reduction
ratio provided for diesel operation is 4.58 to 1. The stern seal lift fan is
driven from the opposite end of the diesel engine through a clutch which is
normally disengaged during diesel propulsion operation.

Figure 4-16 illustrates the inboard propeller system, which is identical to
the outer except for elimination of the 4.58 to I stage CODOG elements.

4.3.3 Machinery Characteristics

4.3.3.1 Gas Turbine System

The LM2500 marine gas turbine engine, manufactured by General Electric, is a
derivative of the TF39 military aircraft engine, which in turn is based on the
CF-6 comercial turbofan engine. LM2500 engines are currently in service on
the GTS Admiral William M. Callaghan, Spruance-class destroyers (DD-963), Patrol
Combatant Missile Hydrofoil (PHM), and Guided Missile Frigates (FFG-7). Addi-
tionally, several allied navies are using the LM2500 engine in new ships. In
most of the applications, the LM500 engines are supplied with engine enclosures.
In the MPS installation, the enclosure is replaced by a fireproof and acousti-
cally treated engine room, which is an integral part of the ship structure.
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The LH2500 engine for MPS application has a normal power rating of 27,000 HP
with an MPS mission rating of 30, 000 HP. The M4PS mission rating is specifi-
cally applicable to MPS mission scenarios such as a 30 day mobilization
exercise when operational urgency justifies acceptance of reduced engine
life. It is recognized that the selected MPffS rating is about 10 percent
higher than the Navy rating for the LM2500 engine (RACER Program). However,
the engine has been operated up to 33,500 HP, and analysis of manufacturer's
data backed by marine and offshore pumping station experience at sustained
powers of 27,600 HP demonstrate that the engine is capable of reliable
operation at the MPS normal power rating (27,000 SHP). These engines are
guaranteed for 6000 hours mean time between failure by the manufacturer at
the 27,600 HP rating. Overall, it is estimated that MPS mission power will
be used considerably less than 1 percent of the time during peacetime, and
up to a maximum of 600 hours during a 30 day mobilization operation while
providing up to five 3900 nm round trips. Since the high power operation
is projected to be a small percentage of total engine life, the MPfiS power
rating are considered to be acceptable.

The LN2500 gas turbine engine is a two-shaft engine; one shaft for the gas
generator section and one for the power turbine section. The inlet section
of the U92500 engine consists of an inlet bellmouth with a wire screen to
protect the engine from foreign object damage. The bellmouth contains a
water wash manifold for injecting the water and detergent solution to remove
salt and other fouling residue from the compressor vanes and blades.

The power turbine is made up of six axial stages. The power turbine rotor
is supported between two bearings, the rear bearing serving as both the
radial support and the engine thrust bearing. This rotor rotates clockwise
when facing the drive end of the engine and is aerodynamically coupled to the
gas generator rotor. The exhaust collector fits around the output driveshaft
and collects the exhaust gases, turns them 90 degrees into the exhaust ducts
and out through the ship sides.

The engine output driveshaft incorporates dry type flexible couplings at
each end. This allows the output shaft to accept lateral and angular mis-
alignment, as well as axial thermal growth.

Figure 4-17 gives the 1242500 load curve and Figure 4-18 shows specific fuel
consumption (SFC) values for the installed L242500 for this load curve.

The gas turbines are installed on resilient mounts in a staggered side by
side configuration on the port and starboard machinery platforms, as shown
in Figure 4-19. Transverse and longitudinal bulkheads isolate each engine
in a watertight compartment. Each compartment has fire, thermal and sound
protection.

4.3.3.2 Diesel Systems

A diesel engine located aft in each sidehull drives the stern seal fans, or
drives the outboard propellers during low powered cruise and maneuvering.
When used In the propulsion mode the diesels are part of the COD0G systems
described in Section 4.3.2. In an emergency the diesels can simultaneously
drive both propellers and stern seal fans.
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PROPULSOR LOAD CURVE USED FOR ENGINE PERFORMANCE CALCULATIONS
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LM 2500 SFC VALUES FOR PROPULSION ENGINES
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PROPULSION ENGINE ROOM ARRANGEMENT - ELEVATION VIEW
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The Societe Alsacienne de Constructions Mechaniques (SACM) 240-V20-RVR diesel

engine was selected because of fuel efficiency, reliability, speed and weight.
It is manufactured by SACM at Mulhouse, France, and marketed in the U. S. by

F. W. Donnelly Company, Houston, Texas. The engine is rated continuously at
7000 SHP at 1350 rpm with a 2 hour dash rating of 7700 SHP at 1395 rpm.
Fuel consumption varies from .34 to .36 pound per shaft horsepower hour. The
engine is of square design with bore and stroke of 240 mm. Long life is
achieved by a reduced volumetric ratio (compression) of 9, achieved by higher
dead volume at the top dead center of piston travel combined with high pressure
ratio turbochargers.

Progressive maintenance is performed at 4000 hour intervals. Major maintenance
is scheduled at 16,000 hours.

The engine is started with 426 psi air and is sea water cooled with 707 gallons/
minute. The engine, complete with turbochargers and accessories, weighs 23 LT.

4.3.3.3 Transmission System

The CODOG gearing from the gas turbine side consists of a 5.143 to 1 planetary
gear originally developed for the 3KSES by Cincinnati Gear Company, an SSS

clutch and a single-stage helical gear set with 1.95 to 1 reduction gear ratio.
The diesel side consists of an SSS clutch and a 2-stage helical gear providing
a 4.58 to I reduction, The propulsion system automatically changes over from
diesel engine operation to gas turbine operation when gas turbine speed at the
SSS clutch exceeds diesel speed, and vice-versa, by way of SSS clutches.

Figure 4-20 shows a CODOG gearing schematic, and Figure 4-21 shows its cross-
sectioft. The gas turbine unit and the gear unit are mounted separately on

flexible mounts and are connected by a flexible coupling, Figure 4-20, Item (1).

From the flexible coupling the power is transmitted via a connecting shaft

supported by a separate bearing (2) to the tooth coupling (3). The connecting
shaft is necessary with regard to the critical speed of the flexible coupling.

An epicyclic gear (4) is the entry point to the gear unit on the gas turbine

side. Since all gas turbines run with the same sense of rotation, a planetary

gear is provided on the starboard side and a star gear on the port side. In
this way, the required reversing of the direction of rotation is achieved and
an additional reversing gear is not necessary.

This 5.14 to I epicyclic reduction gear was originally developed in star gear

configuration for the 3KSES by the Cincinnati Gear Company. All engineering

through released component and assembly drawings, complete dynamic and finite
element analyses are complete. Tooling and gear forgings are on hand. This

gearbox configuration is lighter, more compact, and more efficient than a

comparable parallel shaft design. Gear weight is minimized by means of a

multiple path load transfer system made possible by use of epicyclic gearing.

A light weight aluminum gear case can be used, since gear tooth loads are

contained within the gear crain and planet carrier and not transmitted through

the gear case. A cross section of the epicyclic transmission, and a weight
summary are shown in Figure 4-22. The 3USES epicyclic gear arrangement was

originally designed for 40,000 HP. At the MPS mission horsepower rating of

30,000 HP, the gearbox is a conservative design. Hydrodynamic journal bearings

are used throughout for maximum reliability. The multiple path, double-helical
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configuration comprises four planet gears, a floating sun gear, flexible annulus
gearing or a single-sleeve output planet carrier torque member depending on
planetary or star configuration. Load equalization is achieved by means of the
Stoickicht principle, which is developed around the floating sun gear and control-
led flexing of the annulus gearing and output planet carrier. Table 4-x gives
transmission details.

TABLE 4-x
TRANSMISSION DETAILS

Design Point (IN) 27,000 HP 3600 RPM 472,752 in-lb

(OUT) 27,000 HP 700 RPM 2,431,300 in-lbs

SUN PLANET ANNULUS

Number Teeth 35 58 145

Pitch Diameter 10.2 in 16.9 in 42.3 in

Speed 3600 RPM 1700 RPM 700 RPM

K Factor 402 PSI 90.7 PSI

Bending Stress 2842 PSI 3675 PSI 5210 PSI

Referring again to Figure 4-20, the SSS clutch (5) is connected to the epicyclic
gear. It disconnects the gas turbine and also the epicyclic gear during diesel
engine operation. Thus, additional noise and friction losses otherwise caused
by the idling epicyclic gear are prevented.

During gas turbine operation power is transmitted from the SSS-clutch via the
pinion (6) to the main gear (7) and from there to the propeller shaft (8). In
this case, the pinion (9) of the spur gear on the diesel engine side idles,
thereby the second SSS-clutch (10) automatically cuts the connection to the
diesel engine.

During diesel engine operation power is transmitted via a hydraulic clutch (11)
and a flexible coupling (12) into the second SSS-clutch mentioned above. The
flexible coupling is necessary since the diesel engine is flexibly mounted.
For starting and standby diesel engine operation the hydraulic clutch is
drained off to isolate the diesel, otherwise the required power for starting
the diesel engine, plus the breakout torque of the complete propulsion plant
would have to be generated.

The power then is transmitted from the SSS-clutch (10) via the pinion (9) and
main gear (7) to the propeller shaft. The lift fan is clutched out in this
propulsion mode.

Since the direction of rotation of one of the diesels has to be reversed, a
reversing pinion is provided on the starboard gear. This is arranged in such
a way that the distance between the diesel engine and gas turbine shafts is
the same for both gear units. The port and the starboard diesels are also
mounted at the same height. I
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Duiring diesel engine operation the idling planetary gear friction torque
prevents the power turbine rotor from turning. The drive also can be locked by
a mechanical shaft brake (16). The jacking motor (15) can be switched in via
an engaging gear (14).

The lube oil pumps and the hydraulic pumps for the seawater cooling pump
drive, as well as the hydraulic propeller controlling device (18) are
driven mechanically by the gear unit (17).

Figure 4-23 shows a cutaway view of an almost identical CODOG system currently
installed with the LM2500 gas turbines for use in the German Navy F-122 class
frigates. This gearbox has undergone extensive, testing and proved to be very
smooth running and quiet.

4.3.3.4 Propulsor System

The final propeller design selected for the NPTS evolved after consideration
of many different configurations. Two design objectives influenced the
selection process. Primary importance was placed on ruggedness and simpli-
city. The second design objective was to maximize MPS performance over its
entire operating envelope that spans 0-70 knots and 5000-15,000 LT displace-
ment.

The initial configurations examined utilized fixed-pitch propellers to
maximize simplicity. For high speed operation this propeller has excellent
efficiency. However, at speeds below 20 knots, the efficiency of the fixed-
pitch propeller was found to be 30 percent less than that of a propeller
designed for low speed operation only. Since the MP'S might operate a large
percentage of time during peacetime at low speed, it was considered necessary
to improve low speed propeller efficiency.

A number of approaches to improve low speed efficiency were examined and found
acceptable. For example, two separate fixed-pitch propellers for low speed
diesel operation, in addition to the four fixed-pitch propellers for the gas
turbine high speed operation, achieved the efficiencies, but at the increased
cost of two extra propellers and the requirement for reversing gears.

The system finally selected for the M PS consisted of four (4) supercavitating
controllable pitch (CP) propellers powered through a GODOG system gearbox
capable of either diesel or gas turbine engine operation. This system
maximizes MPS performance efficiency at all operating speeds and eliminates
the requirement for a reversing gearbox.

A parametric study was performed by Hydronautics Incorporated utilizing a
computer design program developed for the SES Project Office in 1979.
Basically, the program combines linearized supercavitating foil theory
with supercavitating momentum and cascade theories backed by extensive
model tests. Blade section strength is calculated by a curved beam analysis,
and section characteristics are continually adjusted until a satisfactory
combination of structural integrity and hydrodynamic performance is achieved.
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Results of the parametric study indicated that for the installed CODOG system,
a 12-foot diameter controllable pitch propeller with a maximum rotative speed
of 360 RPM is required to achieve optimum performance over the entire craft
operating range. This propeller has the following characteristics:

No. Blades 4

EAR 0.60

Hub-Diam Ratio 0.35

Skew 15 degree

Maximum Stress 30000 psi (fatigue limit)

Titanium was selected for the propeller blades because of the extensive
successful experience with this material in previous SES propulsors. The
four foot blades are sufficiently small so as not to pose any manufacturing
problems. Stainless steel blades could also be used as they have approxi-
mately the same strength and cavitation resistance characteristics as
titanium. However, the heavier weight of stainless steel would add 24 LT
to the total installed propeller weight.

These propellers, at 30,000 SHP and 12 foot diameter, are much smaller than
the largest existing commercial propellers at 46,000 SHI' and 24 foot diameter.
Hundreds of commercial CP propellers in the MP'S size/power range have been
built and successfully operated over the last 20 years.

In addition, the USN DDG-963 and FFG-7 CP class propellers are rated at
42,000 SHP with 17 foot diameters. The Navy has accumulated over 12,000
hours on some of these propellers to date. The MP'S propellers have hubs as
large as these but carry only 70 percent of the horsepower and less than half
the torque. This results in a very conservative propeller mechanical design
that eliminates the source of problems experienced in the higher horsepower
Navy installations. The SES propeller installation locates these oversize
propeller hubs immediately behind the sidebull transoms which simplifies the
propeller pitch control hydraulic system, shelters the hubs from impact
damage, and eliminates propeller installation hydrodynamic appendage drag.

* The estimated hydrodynamic performance of this propeller is shown in Figure
4-24, where thrust coefficient (KT) and efficiency (n) are functions of ad-
vance ratio (3), for various blade pitch settings. These estimates are based
on a 50 percent propeller submergence level at top speed (design point) and
with a fully submerged propeller for low speed conditions. With two pro-
pellers per sidewall and 27,000 SHP per propeller (including a transmission
efficiency of 0.985), the estimated MP'S performance is shown in Figure 3-3.
Table 4-xi provides a corresponding synopsis of maximum speed, required
power, propeller RPM and blade pitch setting for this configuration. The

* - estimated performance in the off-cushion mode is also given in Table 4-xi
for the 10000 LT displacement at both 28 and 20 knot speeds.
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ESTIMATED PERFORMANCE 12 FOOT DIAMETER CONTROLLABLE PITCH
360 DESIGN RPM PROPELLER

CGONFIGURATION #1: 2 Propellers/Sidewall
27580 HP/Propeller

APPROX. n POWER/ TOTAL
DISPLACEMENT VEL. RPM PROPELLER PITCH THRUST

6600 LT 61 Kts. 0.70 360 27580 HP Design 413,000 Lbs.

8500 LT 52 Kts. 0.68 360 27580 HP D-20  470,000 Lbs.

10000 LT 44 Kts. 0.64 360 27580 HP D-60  525,000 Lbs.

10000 LT* 28 Kts. 0.59 360 16213 HP D-16' 445,000 Lbs.

10000 LT* 20 Kts. 0.62 272 4953 HP D-20 0  200,000 Lbs.

15000 LT* 28 Kts. 0.47 360 27580 HP D-11 0  600,000 Lbs.

15000 LT* 29 Kts. 0.49 360 30000 HP D-90  655,000 Lbs.

CONFIGURATION #2: 1 Propeller/Sidewall
27580 HP/Propeller

DISPLACEMENT APPROX. n POWER/ PITCH TOTAL
VEL. P RPM PROPELLER THRUST

6600 LT 39 Kts. 0.60 360 27580 HP D-70  227,000 Lbs.

8500 LT 25.5 Kts. 0.42 360 27580 HP D-90  295,000 Lbs.

10000 LT 23.5 Kts. 0.39 360 27580 HP D-90  295,000 Lbs.

1 Propeller/Sidewall7000 HP/Propeller

APPROX. n POWER/ MAX. TOTAL

VEL. p RPM PROPELLER PITCH THRUST

10 Kts. 0.26 330 7000 HP D-20 °  118,530 Lbs.

15 Kts. 0.46 295 7000 HP D-20* 138,290 Lbs.

*Offf-Cushion Drag Curve

TABLE 4 -xi

1-43



4.3.3.5 Comustion Air Intake

The air inlet openings for the gas turbines are located on the weather deck on
each side of the ship just forward of the deck house. Inlet design is a direct
adaptation of the very efficient and well tested 3KSES combustion air system.
It utilizes twov (2) right angle turns to centrifuge out most water and heavy
spray; with final salt moisture separation provided by 3 stage demisters.

The weather deck inlet can inject hot gas turbine exhaust gases into the free
stream as needed to prevent icing. Three banks of sound suppression panel
assemblies in the intake duct tune out engine noise. Demister modules remove
moisture, salt and other contaminants in the air.

Bypass doors are included in the demister assembly to prevent blockage during
icing conditions. Aluminum honeycomb panels on all duct walls provide smooth
airflow surfaces and additional sound suppression.

The demister assembly is made up of 16 modules with 20 ft 2 of surface area per
module. The 16 modules provide a growth capacity to handle either LM5000 or
FT-9 engines, in addition to the baseline LM2500. Each identical module is a
three stage system. The first stage is a set of corrugated vanes, which turns
the air and reduces the moisture content. The second stage is a central core
coalescer where smaller droplets that pass through the first stage are trapped
and combined into large droplets. A final set of corrugated vanes remove large
droplets formed by the second stage.

Figure 4-25 shows locations of demisters and sound suppression panels. The
first set of sound suppression panels is an egg crate arrangement, formed by
honeycomb acoustic panels spaced 6 inches apart. The second set of panels
are arranged just below the first set of 3-inch thick honeycomb spaced 15
inches apart. The third panel set is situated behind the demisters to
straighten flow to the engines, as well as provide additional noise suppres-
sion. It is identical to the second set in construction.

The sound suppression panel assemblies weigh 2000 pounds, and each demister
module weighs 700 pounds. They should last the life of the ship with minimum
maintenance.

4.3.3.6 Exhaust Gas Uptakes

Engine exhaust gases pass from the engine collector through a transitioning
elbow and into the exhaust gas assembly. The assembly stack rises vertically
to just below the wet deck where a 90 degree elbow turns the exhaust hori-
zontally outboard to the ship's side. The duct is round in cross-section.
Sixteen foot long concentric sound suppressors are installed in the vertical
duct. The double walled horizontal exit section diffuses the exhaust gas.
Engine room cooling air passes through this double wall to cool the exhaust
duct. The entire system is also insulated. An external closure door at the

exit prevents ingestion of green water during off cushion operations in high
sea states. The door is closed when the engine is shut down to prevent
ingestion of exhaust gas or salty air through the engine while In port or

when the ship is operating on other engines.
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4.3.3.7 Propulsion tube Oil System

Each propulsion engine has an independent lubrication system. Detail require-
ments for the system are specified by the engine manufacturer. A schematic of
the engine lube oil system is shown in Figure 4-26. Each transmission system
also has an independent lubrication system that services the propulsor thrust
bearings, gearboxes, and driveline shaft/bearing modules. MIL-L-17331G
(2190-TEP) lube oil provides sufficient viscosity for the journal and roller
bearings. System flow requirements are based on removal of all friction heat
from the components with a maximum oil temperature rise of 40 degree F. The
system is non-scavenging to reduce weight and consumption of electrical power.
The reservoir is sized for one minute residence time and includes electrical
heaters to warm the oil to 90 degree F prior to propulsor operation. The
supply pump will have excess capacity. The heat exchanger is sized to keep
oil temperature below 125 degree F. An auxiliary electric motor-driven pump
is used for pre and postlube as well as emergency backup.

4.3.4 Propulsion System Operation

The propulsion system is operated as a subset of the ship control system.
Control is maintained from the central control console and bridge. Machinery
control and performance monitoring provide the means for control and perfor-
mance evaluation of principal propulsion machinery elements. The propulsion
system is normally unmanned during operation; however, full control and
monitoring functions are provided at the control console.

4.3.4.1 Hullborne Operation

Hullborne (or partial cushion) operations at speeds up to 16 knots are performed
using diesel engines of the CODOG systems to drive the outboard propellers. Auto-
matic SSS clutch actuators disengage the gas turbine engines and engage the diesel
engines to the combining reduction gearboxes to drive the outboard propeller shafts
and disengage the diesels from the stern seal lift fans. Use of economical diesels
for hullborne operations is the normal mode of operation. It is possible, however,
to operate off cushion with one or more of the LM2500 gas turbine engines or gas
turbine/diesel combinations. A maximum hullborne speed of approximately 32 knots
is attainable using the four LM2500 engines. Dockside and low speed maneuvering
is accomplished by use of rudders, bow thrusters and differential propeller pitch
and/or RPM.

4.3.4.2 Hump Transition

The high cushion length to beam ratio of the MPS places the primary drag hump
above the maximum speed of the MPS. A relatively mild secondary drag hump is
encountered at about 20 knots. Secondary hump transition will therefore be
readily accomplished in response to a high power command. Secondary hump
transition is possible with full cushion, partial cushion, or hullborne.

4.3.4.3 High Speed Cruise Operation

High speed cruise operation is the operational domain defined by maximum
continuous power operation at displacements from full load displacement to
light ship condition in the full cushion mode.

4'
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PROPULSION ENGINE LUBE OIL SYSTEM

1

,FILL CONN.

VENT LINE

DUPLEX FIL*TER

HEAT EXCHANGER = EWTRI

SEAWATER OUT "- m

FIGURE 4-26
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The 11PS may be operated in either a maximum speed mode or maximum range mode.
The former is based upon use of the maximum continuous horsepower available
to achieve minimum time between two geographical locations within the
available range. For efficient operation, propeller pitch ratio must be
incrementally adjusted to respond to increases in speed that results from the
decreasing displacement as fuel is consumed.

The maximum range mode of high speed cruise provides the speed profile for
maximum available range through given light ship limits and is achieved by
continuous or incremental adjustment of lift power, propulsion power, and
propeller pitch ratio to maximize the specific range (tim per LT of fuel) at
all particular displacements and sea conditions. Duie to the high Lc/Bc

configuration of the MPS there is only about I percent difference C

between the two modes. All performance numbers are based on the maximumI

4.3.5 Propulsion Weight Breakdown

Propulsion system weights by subdivisions of SWBS Group 200 weight are

presented in Table 4-xii.

WEIGHT OF PROPULSION PLANT
SWES GROUP 200

SWES GROUP ITEM WEIGHT

234 Propulsion Turbines 23

241 Reduction Gearing 120

242 Clutches and Couplings 4

243 Shafting 13

244 Bearings 12

245 Propellers 30

251 Combustion Air System 24

252 Propulsion Control 1

259 Exhaust System 15

261 Fuel Service I

262 Lube Oil Service 7

298 Operating Fluids 4

299 Repair Parts1

Total Propulsion System 255

TABLE f4-xii
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J 4.3.6 Propulsion System Risk Assessment

Propulsion system technical risk is considered to be sufficiently low so

as not to place any constraints on M4PS development.

The LM2500 prime mover is Navy qualified, with extensive domestic and
foreign service and industrial experience. Fully developed logistics
support for the engine is in operation. The SACM diesel engine is
marketed world wide. Additional diesels in the required power/speed/

weight range are also available. The MPS application of the Cincinnati
Gear 3KSES epicyclic reduction gear discussed in Section 4.3.3.3 is of
conservative design and will be operated at less than 75 percent of its
design power and at lower speeds. The rest of the combining transmis-

sion is a single and double helical state-of-the-art offset gearbox and
can be readily procured from several reliable sources.

The propeller installation involves a low risk design effort. CP pro-
pellers powered by L2500 engines are in common use in the U. S. Navy,
U. S. Coast Guard, and NATO Navies. In most cases, two LM2500 engines
totaling better than 40,000 SHP arL geared to a single CP propeller.
The 30,000 HP MPS propeller inlt-llation (behind the side hulls) allows
a large hub diameter, which reduccs stresses in the CP actuators without
increasing hydrodynamic drag. This large hub-to-blade tip diameter

ratio resulted in many trouble free years of CP operation on the SES-
10B.

Overall, the MPS propulsion installation risk is evaluated as low. In
fact, this installation requires no more technology than any other

modern conventional monohull RO/RO ship.

4.4 LIFT SYSTEM

4.4.1 Lift System Description

The lift system consists of six independent sets of lift machinery, air
distribution elements, and ride control equipment as shown schematically
in Figure 4-27. They are arranged in both sidehulls from bow to stern
to form independent redundant air supply systems for the bow seal, air
cushion and stern seal. The two forward fans supply the bow seal; the
two middle fans supply the cushion; and the aft fans supply the stern
seal with lift air.

Each set consists of an Aerophysics Incorporated Rotating Diffuser (RD)
Double Inlet Double Width (DIDW) fan with radially placed Inlet Guide
Vanes (IGVs). Power is supplied to each lift fan by one SACM 240-V20-
RVR 7000 HP diesel engine with appropriate step-up gearbox. No cross-
connection exists between the six sets of lift machinery.

The aft two sets of lift machinery are located one in each sidehull near

the stern seal, and serve dual functions. During low power operations
*the diesel engines supply power for the CODOG propulsion system through

gearboxes connected to the main drive machinery. These diesels can
simultaneously drive both the stern fans and outboard propellers.
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Onie of the other four fan engines serves as a power supply for the ship's
alternate generator set. The fan intakes are distribuited throughout the ship's
vehicle cargo decks to provide the necessary compartment ventilation. This
provides significant energy saving by eliminating the large separate air
ventilation system required by a RO/RO ship.

1 4.4.2 Lift System Arrangement

Figure 4-28 provides a detailed illustration of one of the six lift system
machinery sets installed in the MPS. These six sets, together with appropriate

ducting, valving, bow and stern seals, and controls, comprise the lift system.

1 4.4.3 Lift System Components and Characteristics

4.4.3.1 Prime Movers

The SACM 240-V20 RVR 20 cylinder marine diesel engine is described in Section

4,3.3.2.

4.4.3.2 Gearbox

Lift gearboxes provide speed increase and power transmission from the diesel
engines to the lift fans. Preliminary design arrangements and calculationsI have been performed. The design is simple and conservative with a gear ratio
of 1/1.4. The gearbox assembly includes the following components:

a. Gearing of double helical design of modified involute form machined
from non-welded CEVM 9310 forgings.

Ib. Single input shaft with flanged coupling driving through parallel
shafting and associated gears to a single output shaft with flanged
couplings

C. Housing or casing enclosing all gears (mounting and lifting) pro-
visions included).

d. Two auxiliary gear driven output shafts and mounting provisions
-~ for two hydraulic pumps located on the output side of the housing.

e. An attached shaft lock brake for the lift power transmission system

I with a torque capacity of 120,000 in-lbs on the input shaft.

f. installed gear driven displacement type oil pumps (supply and
scavenge). The supply pump provides sufficient capacity for

lubrication of the gearbox plus the fan driven by the gearbox.

Additional scavenge pumps are provided for the fans.

g. Integral instrumentation for all critical parameters.

The accessory drive is designed as a self contained, detachable gearbox. ItIcan be removed and replaced without disassembly of the pumps or gears. Bear-
ings, removeable sumps, oil shields, brakes, and many other small components
are also interchangeable.
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Where possible, parts are unitized to eliminate joints that might fret or
sustain assembly or operating damage. Design allowables used in rotating
components are below the crack propagation threshold and/oi low infinite

life fatigue limits to ensure against material failures.

The gearbox is capable of carrying and sustaining all variable, unidirec-
tional loads, including an additional overload factor of 1.5 for a life of
at least 45,000 hours. The power efficiency of the gearbox has been cal-
culated to be 99.26 percent. This efficiency does not include accessory

4.4.3.3 Lift Fan

Lift fans provide the airflow and pressure rise to the air cushion and seals
f or aerostatic support of the ship compatible with cushionborne performance.
Each fan is a double suction single discharge rotating diffuser type fan. All
design performance requirements are met by six fans having a diameter at the
blade trailing edge of approximately 7 feet, or 195 cm.

The Aerophysics, Incorporated rotating diffuser (RD) fan shown in Figures 4-29
and 4-30 has been successfully used for many years in industrial applications,
and has been selected for the MPS. Use of the RD fan on air cushion supported
platforms was first Investigated in studies sponsored by the U.S. Army in the
mid 1960s. These included the design, fabrication, and spin testing of a 5.5
foot diameter lightweight fan constructed entirely of aluminum using aircraft
type riveted construction. Following these early investigations, development
of the RD fan was extended to very large sizes, Figure 4-31. Under the 3KSES
contract, the detailed design of a lightweight lift fan was completed. The
fan was under full-scale construction when the 3KSES program was terminated.
In addition, dynamic tests of a large scale model RD fan were completed at the
David Taylor Naval Research and Development Center (DTNSRDC). These tests
included evaluation of the fan's performance in the unsteady SES marine
environment. The conclusion drawn from the DTNSRDC tests was that the be-
havior of the RD fans is well suited for the SES environment.

The RD lift fan for the MPS is of an existing design shown in Figure 4-29 that
has been in operation since 1974. Performance data -was obtained from direct
full scale measurements utilizing an approved ASTh code tester. Fan data is
complete, including flow variations achieved with the radially installed inlet
guide vanes. Tables 4-xiii and 4-xiv detail the fan's operating range of
pressure and flow. The fan is capable of lifting the MP'S by operating at
pressures to 800 PSF. The pressure versus flow curve is smooth with no
positive slope regions to cause instabilities or stalling. Figure 4-32 shows
the measured fan operating map complete with the effects of IGVs. Full scale
efficiencies of 88 percent are achieved. Note the wide range of performance
above 80 percent efficiency. Operating points are shown for 10,000 and 15,000
LT displacements.

The fan impeller is a centrifugal discharge impeller with an integral axial
inducer inlet. The center disk and outer shrouds extend some 30 percent beyond
the blade trailing edges to form the rotating diffuser air passage. Blades are
flat plates rather than airfoil blades and are installed axially in the inlet
portion. At the impeller discharge the blades are radial to eliminate bending
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ROTARY DIFFUSER FAN DURING ASSEMBLY
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LIFT SYSTEM PERFORMANCE REQUIREMENTS

(10,000 LT)

SUB-SYSTEM SEALS CUSHION

NO. OF DWDI RD LIFT FANS 4 2

NO. OF INLETS 8 4

HORSE POWER AVAILABLE/INLET 3500 3500

PS STATIC, PSF 514 467

PT TOTAL, PSF 555 504

DELIVERED FLOW/INLET, CFS 2917 3120

TOTAL FLOW IN CUSHION, CFS -- 12480

TOTAL FLOW IN BOTH SEALS, CFS 23336 --

TOTAL FLOW/SHIP, CFS 35815

t' TOTAL PRESSURE COEFFICIENT .0970 .0881

Cd, FLOW COEFFICIENT .551 .584

Nt , TOTAL EFFICIENCY .865 .825

IGV BLADE SETTING, DEGREES -9 -16

SLOPE OF PERFORMANCE CURVE STABLE STABLE

TIP SPEED, FT/SECOND 549

RPM, ENGINE - FAN 1350 - 1639

GEAR RATIO REQUIRED 1 .214

TABLE 4-xiii
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LIFT SYSTEM PERFORMANCE REQUIREMENTS
(15,000 LT)

SUB-SYSTEM SEALS CUSHION

NO. OF DWDI RD LIFT FANS 4 2

NO. OF INLETS 8 4

HORSE POWER AVAILABLE/INLET 3500 3500

PS STATIC, PSF 700 700

PT TOTAL, PSF 808 735

DELIVERED FLOW/INLET, CFS 2191 2190

TOTAL FLOW IN CUSHION, CFS -- 8762

TOTAL FLOW IN BOTH SEALS, CFS 17528 --

TOTAL FLOW/SHIP, CFS 26290

Cpt, TOTAL PRESSURE COEFFICIENT .1050 .0955

Cd , FLOW COEFFICIENT .322 .354

Nt . TOTAL EFFICIENCY .850 .850

IGV BLADE SETTING, DEGREES -10 -32

SLOPE OF PERFORMANCE CURVE STABLE STABLE

TIP SPEED, FT/SECOND 636

RPM, ENGINE - FAN 1350 - 1900

I-
GEAR RATIO REQUIRED 1.407

TABLE 4-xlv
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stresses. The flat plate blades facilitate economical construction and long
life. The fan volute is a conventional rectangular volute. The fan inlet is
directly coupled to a high efficiency ram recovery inlet duct. Inlet guide
vanes are arranged in a radial torus In this duct. This configuration results
in a shorter overall length in comparison to a fan configured with axial inlet
guide vanes. The inlet caisson configuration also results in a quieter fan,
as shown by noise level measurements in Figure 4-33. The MP'S fan noise levels
are below the ISO 85 decible level for non ear protected spaces.

The rotating diffuser fan requires no development preparatory to use in the
MPS.

An off-the-shelf industrial type fan can be utilized on the MP'S with an accept-
able weight penalty because of the large size and lower speed requirements of
the ship. This fact, together with the extensive operating history of this
large type of fan (over 3,000,000 hours) provides the MAPS with a development
risk-free lift fan.

4.4.3.4 Lift Air Intake System

Intake air to the six lift fan sets will initially be taken in through a large
volume air trunk system that passes upward from the intake plenum room through
the various deck levels, to a flush intake grill and valve entry on the ship
main deck and upper sidehull surface. As this air trunk passes through each
deck level, it provides grilled openings in the overhead portion of the in-
terior cargo spaces. These local intakes also accommodate controllable air
balance valves.

With these air trunk and inlets distributed throughout the various deck levels
and stations, it now becomes possible to use the intake lift fan air as the
source for the ship's interior ventilation and air conditioning.

The key to this double utility is to balance or tune the ventilation exhaust
requirements to the demands of the lift fans. The use of local balance valves
at the various intakes and a system of diverter valves at the topside deck In-
take, make this possible. Valve arrangements throughout are interconnected
for environmental control and to redirect airflow in the case of shipboard
fire.

The use of the lift fans for cargo deck exhaust is particularly useful when
vehicles are In motion within the interior of the ship.

The lift fan and diesel engine is a unified module in an essentially air tight
room fed from above by the inlet air trunk. The volume and clearances of this
plenum allow free air flow into the inlet guide vane system. Any water that
might enter the topside intake would settle in this room and be discharge
overboard through the deck drainage system. The placement of diesel engine,
gearbox, and other drive train elements within this volume allows for a secon-
dary cooling air flow over these elements. Like the uptake, this room isI
structured to resist lower than atmospheric pressure on its boundaries.
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4.4.3.5 Lift Air Distribution System

The lift air intake and distribution system accepts incoming ambient air at the
weather deck and cargo decks, routes it to the lift fans, and then to the cushion
and seals. In order to regulate the stern seal pressure relative to the cushion
pressure, a transfer duct with a control valve between the stern seal and cushion
augments fixed orifices in the stern seal. The lift air intake and distribution
system also provide airborne noise attenuation for the lift fan inlets. Shut-off
valves in the distribution ducts down stream of each fan forestall flooding of the
fans when the ship is off-cushion in high seas, as well as prevent back flow from
the cushion or seal if the fan is shut down during on-cushion operation. The
intakes also have appropriate valves and openings to serve as the primary cargo
space ventilation.

4.4.4 Lift System Operation

The lift system is operated as a subset of the ship control system, and control
is maintained from the central control console and bridge. Machinery control
and performance monitoring provide the means for control of individual fans and
flow distribution devices and provide performance evaluation of principal lift
system elements. The lift system is unmanned during operation.

The ship can operate on-cushion with any combination of the six fans. Maximum
system efficiency at high speed and in rough seas is achieved with all six fans.
This flexibility ensures almost 100 percent lift system availability. Even the
loss of four fans increases ship drag by only 20-30 percent, which merely re-
duces top speed proportionately. Secondary hump transition is possible with
full-cushion, partial-cushion, or even off-cushion, and is therefore independent
of fan performance.

4.4.5 Lift System Weight Breakdown

Estimated weight of lift system components is presented in Table 4-xv. The
total lift system weight is 284 LT.

4.4.6 Lift System Risk Assessment

Overall, the risk associated with the lift system is assessed to be low as

indicated below and as supported in the preceding text.

Engines - No risk. Engines are currently in production and marine use.

Transmission - Low risk. Gearbox detail design is straight forward. The
low power and reduction ratio keeps the system simple and
within several manufacturers' stock series. Performance
estimates will be verified by test of first unit.

Lift Fans - No risk. Rotating diffuser fans have been built for duty
points that meet those required for the MPS. Successful fan
operation has demonstrated their reliability.

Lift Air
Distribution
System - No risk. This is a straight-forward design exercise.
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WEIGHT OF LIFT SYSTEM MPS GROUP 567

WEIGHT

LIFT SYSTEM LBS. LT

Fan System Subbase (6) 49,861

Demister 2,780

Exhaust 1,000

Sound Attenuation 432

Shafting 4,000

Fans (6 DWDI) 79,200

Weather Inlets 17,710

Air Distribution Ducts 10,000

Air Valves, Distribution Ducts 4,576

Vent System 4,996

Fuel Oil Connect 120

Lube Tanks 2,760

Engine Controls 200

Lube Oil Pumps for Fans 4,000

Shaft Brakes & Torque Meter 376

Electrical Connector 21

1,820,426 81

6 SACM 240-V20-RVR DIESEL
Engines with GB and

All Accessories 162
243 243

Bow Seal 22.5

Stern Seal 18.5

TOTAL LIFT SYSTEM 284.0

TABLE 4-xv

* 4.5 ELECTRICAL SYSTEM

The electrical system is a conservative design with adequate capacity to supply

anticipated electrical loads. The system satisfies those specifications and
practice prescribed in the U.S. Department of Commerce "Standard Specification

for Merchant Ship Construction".
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4.5.1 Electrical System Description

Primary electrical power is supplied by a single diesel driven generator set of
1210 KW capacity. A second generator of identical configuration and capacity
serves as standby; however, this generator is driven by a power takeoff from one
of the lift fan diesels. A gas turbine driven generator set of 200 KW capacity
serves as an emergency generator.

The distribution system provides an operational choice of ring-bus or split-plant
operation. Two ship service switchboards, one for the main generator and one for
the standby generator, are supplied. A third switchboard is provided for the

* emergency generator.

The lighting arrangement is based upon division of the ship into four lighting
zones or "cubes". Three cubes comprise the internal illumination distribution
system, while the fourth cube services specialized needs such as electrically
powered auxiliary systems. Lights throughout the ship are predominantly of
the f luorescent type.

A 3-phase shore connection feeder is provided from the main switchboard to a
shore connection box. Interlocking between the shore connection and the
switchboard mounted shore power circuit breaker prohibits make-or-break of the
shore connection under load.

4.5.2 Electrical System Arrangement

The main and standby generator sets and their switchboards ar, located respec-
tively on the starboard and port sides of the fourth deck. Secondary panels or
boards are distributed throughout the ship in such a manner as to minimize cable
runs.

4.5.3 Electrical System Characteristics

Engine room auxiliaries, shop equipment, ventilation, deck machinery, commissary
equipment and similar equipment are, In general, energized from separate power
control boards, which are In turn supplied by individual feeder lines from the
main ship service generator and distribution switchbord. Emergency equipment is
also fed by a similar arrangement from an emergency generator and distribution
switchboard. The main and standby generator are each capable of generating 1210
KW. Primary power is generated at 480 volts, 3 phase, and 60 Hz corresponding to
a nominal supply voltage of 460 volts. Power for normal and emergency lighting,
as well as for light appliances and equipment is supplied at 120 volts through
suitable transformer step-down. Nominal supply voltage is 115 volts. The
emergency power system can supply power for interior communication, battery
charging, electronic, navigation and related emergency equipment. The general
alarm and power alarm panel are battery supplied.

The distribution system includes three dead front, metal enclosed cubical type
switchboards to control the three generators. The master switchboard includes
one generator control panel, one synchronizing panel, tw~o bus tie panels and a

* distribution panel. The second panel is of similar configuration but omits
the synchronizing panel and utilizes only one bus tie panel. The third panel,
which serves as the emergency switchboard, consists of a generator control
panel, a bus tie panel, and a distribution panel.
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Each drive unit and their generators are mounted on common bed plates. The
drive for the standby generator is taken by a special clutching arrangement
from one of the diesel engines normally used to drive a lift fan.

4.5.4 Electrical System Weight Breakdown

The weight breakdown of the electrical system is included in Table 4-xvi.

TABLE 4-xvi
WEIGHT OF ELECTRICAL SYSTEM SWBS GROUP 300

SWBS ITMWEIGHT
NUMBER ITMLT

311 Ship Service Power Generator 38.8

313 Battery and Service Facility 1.0

314 Power Conversion Equipment 1.0

321 Ship Service Power Cable 12.0

324 Switch Gear and Panels 21.0

331 Lighting Distribution 9.0

3312 Lighting Fixtures 6.5

343 Diesel and Turbine Support Systems 4.5

398 Electrical Plant Operating Fluids 1.0

399 Electrical Plant Repair Parts 0.3

300 TOTAL Electrical Plant 95.1

4.5.5 Electrical System Risk Assessment

All electrical system components are currently available from marine suppliers
and in general utilize procedures and installation proven in other applications.
In addition, equipment of similar configuration in slightly smaller and larger
capacities are readily available; therefore, no technical risk or special
development is anticipated for this area.

4.6 NAVIGATION, CONTROL AND COMMUNICATION (NCC) SYSTEM

The NCC System consists of the Navigation and Collision Avoidance System (NAy-
CAS), and the Exterior and Interior Communication System. The Ship Control
System (SCS) is treated as a special independent element of the Interior
Communication System.

4.6.1 NCC System Description

The SCS includes those elements required for control of course, speed, and
maneuvering in a seaway, as well as a means for controlling and monitoring

the ship plants. Ease of operation and maintenance is assured through an
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intermediate level of control integration. The NAVCAS provides the capability
for worldwide navigation and generates continuous absolute and relative posi-
tion fixes, as well as ship's speed, heading, and attitude data. The navigation
subsystem includes the hardware and processing equipment necessary to receive
and utilize signals from Loran and satellite radio navigation. Two radars, one
main S-band and one auxiliary X-band, provide the capability to sense and
quantitatively measure potential collision situations. The collision avoidance
subsystem displays the surface situation and computes trial evasive maneuvers
so the ship may more easily avoid potential areas of danger.

4.6.2 System Characteristics

The NCC System provides a moderate level of integration. The bridge control
console includes a navigation section where all associated navigation aids and
communication elements are consolidated. The Engineering Station or central
machinery control and performance monitor allow control and performance evalu-
at ion of machinery elements. Separate subsets of the machinery control and
performance monitoring area are provided for propulsion, lift, electrical
plant, auxiliary subsystems, and damage control. The propulsion plant responds
automatically to either the bridge or Engineering Station throttle command.

The Interior Communication System which includes the alarm systems and the SCS,
which in turn includes:

a. Sound power telephone

b. Automatic dial telephone

C. Shore side telephone outlets

d. Public address system

e. Loudspeaker system

f. Salinity indicator system

g. Tank level indicator

h. Equipment monitor.

The SCS in addition provides the means for initiation and control of ship
maneuvers from the central bridge station and for plant monitoring and con-
trol for the Engineering Station.

The NAVCAS include an electronic position fixing system echo depth sounders,
and radar-collision avoidance system. The electronic position fixing consists
of a Loran C and satellite navigation system with processor and heavy duty
teleprinter. The radar system includes both a main S-band radar and an
auxiliary X-band radar. Either radar can be connected to a collision avoid-
ance system by electronic interswitching. This system provides unattended
monitoring of radar echo and visual and audible alarms to alert the crew of
possible threats and provides features to enhance collision avoidance.

T
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The MPS is equipped with a comprehensive exterior communication package as
detailed in Table 4-xvii. All systems, elements and components required to
provide a satisfactory navigation, control and communication system are avail-
able and no technical risk is anticipated for this area.

EXTERIOR COMMUNICATION SUITE

EQUIPMENT

Radio Transmitting/Transceiver Facilities

o HF

o VHP

o MF

Radio Receiving Facilities

o HF

o LF/MF

Terminal System

o VV SC Simplex AFT/RFCS RATT non-secure

Secure Voice Terminal

o VHF SC Secure Voice (narrow band)

Special Systems

o Converter - Comparator (CV-3510/VG)

o Sitor Error Correction Device

o Digital Selective Caller

o 500 KHz Alarm Receiver

o Auto Alarm Keyer

TABLE 4-xvii
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4.6.3 NCC System Weight Breakdown

The weights of major NCC subsystems are listed in Table 4-xviii.

WEIGHT OF NAVIGATION CONTROL AND COMMUNICATION SYSTEMS SWBS GROUP 400

SWBS ITEM WEIGHT
NUMBER LT

421 Non-Electrical/Electronic Navigation Aids 0.1

422 Electrical Navigation Aids 1.2

423 Electronic Navigation System, Radio 0.3

424 Electronic Navigation System, Depth 0.2

426 Electronic Navigation System 0.5

432 Telephone System 1.5

433 Announcing System 2.4

434 Entertainment System 0.8

438 Integrated Control System 14.0

441 Radio Communication 1.3

443 Visual and Audible System 0.1

451 Surface Search Radars, two 0.5

400 Total Command and Surveillance 22.9

4.7 AUXILIARY SYSTEMS TABLE 4 -xviii

4.7.1 Auxiliary Systems Description

The auxiliary systems consist of the machinery, piping, and ducting required
to support other ship systems. They include, as well as normal ship hotel
services, fluid distribution, fire extinguishing, underway replenishment and

mechanical handling for anchors, mooring and towing.

4.7.2 Auxiliary Systems Arrangement

The majority of the auxiliary machinery is located in the sidewalls on the ma-
chinery flats between bulkheads 317 and 282. Within these auxiliary machinery
rooms (AMRs) are fitted such major functional equipment as the fuel distribution
manifold and pumping system, distilling plants, sea water pumps, sewage disposal
system, and air conditioning machinery. However, the refrigeration units are
not in either AMR, but situated adjacent to the freezer and reefer storerooms
that they serve on the main deck.
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4.7.3 Auxiliary Systems Characteristics

Significant features of the auxiliary system are described briefly in the fol-
lowing subparagraphs.

4.7.3.1 Climate Control Systems

The climate control systems consist of the compartment heating, ventilation and
air conditioning (HYAC); cargo space ventilation; and machinery space ventila-
tion and heating.

The major ventilation demand is the required air change for the cargo stowage
spaces when used for transportation of gasoline-powered vehicles. The MARAD
Specification for this requirement has been followed and results in the fol-
lowing needs:

a. Cargo (motor vehicles) embarked - 12 air changes per hour.

b. RO/RO - 30 air changes per hour.

Initial calculations of cargo space show a volume of 2,450,000 ft3. A total fan
capacity of 6800 cfs during transit and 20,400 cfs during loading and unloading
operations is required to achieve the necessary air change which is accomplished
by utilizing the 6 x 6000 cfs capacity main lift fans. The alternative, numerous
smaller fan units placed longitudinally along the upper side hulls, would signifi-
cantly increase the weight, maintenance, electrical load and ducting requirements.

All cabins, mess decks, recreation rooms, dining rooms, offices, commissary,
medical, control, and electronics spaces are air conditioned. Two 450V 60Hz
electric motor-driven 25 ton direct expansion plants are fitted in the ANRs for
this purpose, though use of certain self-contained units where the location of
a compartment makes this more practicable will be considered later.

Machinery space ventilation for the main propulsion, generating and auxiliary
machinery rooms is provided by a total of four supply and four exhaust fans
each of 15,000 cfm capacity.

4.7.3.2 Seawater Systems

The combined seawater systems (machinery cooling and firemain) is provided by six
500 gpm, 150 psi pumps, three in each sidewall. Each has its own sea chest and
pump riser leading to a common horizontal ring main on 2 deck from which branches
lead to the superstructure, upper deck and lower decks as required for fire plugs
and water eductors. Two cross-connections are fitted between the port and star-
board legs of the ring main adjacent to frames 200 and 480 Immediately below the
main deck. Cooling water for heat exchangers and auxiliary machinery is taken
from the pump risers at the machinery flat level, pressure reducing valves as
appropriate being fitted for compatible equipment pressures. Seawater discharges
are combined where practical and directed overboard.

The largest design commitment for the firemain is to cope with a possible fire
on the gasoline powered vehicle cargo decks. Aqueous Film Forming Foam (AFFF)
proportionater tanks are fitted at the deck head of these compartments and feed
fixed foam sprinkling systems. Groups of sprinklers can be individually selected,
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each group having a "blanketing capacity" of about 1200 ft 2 and sized for a
minimum flow of 200 gallons/minute. In addition to the foam sprinkling
system, foam hose outlets are located so that any point on the cargo decks
can be reached by at least two outlets.

4.7.3.3 Fresh Water Systems

The fresh water production system and stowage was sized for a 38 man crew and
passenger carrying capability of 50. In addition, there is a requirement for
main propulsion gas turbine fresh water wash down. Two 2500 gallons per day
electrically heated vapor compression distilling plants are fitted. Stowage
of 3600 gallons of fresh water is provided for domestic use and a further
500 gallon tank is available for the gas turbines. One potable water pump is
fitted for water circulation, and hot water is provided by electric fimersion
heaters.

4.7.3 4 Fuels and Lubricants Systems

The fuel system provides control of the fuel distribution in the ship's storage
tanks, together with purification of and delivery to the fuel consuming machi-
nery. The ship's fuel system consists of two electrically-driven main fuel
pumps with filter coalescer systems for processing fuel taken from the storage
tanks and transferred to the clean fuel oil service tanks. Fuel taken from
service tanks is delivered to the combustion service of each engine by an
engine-dedicated delivery pump.

The main fuel pumps are used for fuel distribution between storage tanks for
trim control purposes. Fuel flow bypasses the filter coalescer element when
the pumps are functioning in this mode.

Contaminated discharge from the filter coalescer system is delivered to waste
fuel drain tanks for subsequent discharge overboard or to a disposal service
facility. An oil and water separator ensures that condensate of seepage water
discharged overhead satisfies environmental protection requirements. A strip-
ping system is provided with service to all fuel tank spaces.

There are dedicated lubrication systems for:

a. Each main gas turbine

b. Each diesel engine

C. Emiergency generator gas turbine and gearbox

d. Each pair of propulsion reduction gear and propeller shaft bearing

sets

e. Each set of lift fans.

Oil cooling is provided by heat exchangers with cooling water supplied from the
seawater system.
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4.7.3.5 Air, Gas and Miscellaneous Fluids

The air, gas, and miscellaneous fluid systems consist of low pressure compressed
air high pressure compressed air, fire extinguishing and hydraulic fluid systems.
The ship's service air system is provided by an electrically driven 125 psi air
compressor, which has its own associated filter, dehydrator, and accumulator
elements. Distribution is provided to each cargo deck, machinery space and the
workshop.

Two 600 psi motor driven high pressure (HP) air compressors, fitted one each in
the port and starboard AHRs, feed HP air storage bottles adjacent to each diesel
that require 426 psi air for starting. Starting air for the main propulsion gas
turbines is provided by two auxiliary power units situated one each in the port
and starboard main propulsion machinery spaces.

Fixed flooding Halon systems are the priary fire extinguishing systems for the
propulsion, lift, electrical and auxiliary machinery rooms. Halon gas bottles
sufficient to supply a 6 to 7 percent concentration by volume for individual
spaces are provided. Halon extinguishing is also provided for each gas turbine
compartment.

Two motor driven hydraulic pumps deliver nominal 3000 psi hydraulic power to a
ship service hydraulic loop. Principle hydraulic users are the vehicle ramps,
sliding doors, boat davits, and winches.

4.7.3.6 Underway Replenishment System

No provision is made for stores to he transferred at sea other than by VERTREP.
The upper deck is not structurally designed for helicopter operations. Fueling
at sea can be undertaken on either port or starboard side where standard eight
inch probe receivers are fitted. The system is designed to accept 3000 gpm of
fuel from the transfer ship.

4.7.3.7 Mechanical Handling Systems

Mechanical handling systems comprise anchor handling, mooring and towing, and

requirements for small boat handling.

The American Bureau of Shipping criterion was used to determine anchor sizes andI
cable requirements. The high freeboard and therefore large wind area of the MP'S
results in the need for three 13,200 pound stocidess bower anchors, one of which
is spare. In-use anchors are stowed in hawse recesses in the upper area of the
port and starboard sidehulls. The anchoring system utilizes 2-3/8 inch steel
chain cable and a total of 315 fathoms is carried.

Two electro-hydraulic anchuL capstans are fitted for anchoring and mooring oper-
ations. Winches, fair leads and bitts facilitate wire handling when securing to
a pier. No provision is made for this ship to tow another, but fair leads and
bitts, together with towing bridles, are located forward should towing of the
MP'S be necessary.

To comply with the Code of Federal Regulations, boatage to accommodate all per-
sons and associated hydraulically operated boat handling system is provided both
port and starboard side. Additionally, there are four 25-person life rafts in
standard containers on the main deck.
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4.7.3.8 Steering Systems

The ship is steered from the Pilot House by the Mate on watch. A dual electric
system, port and starboard, provides the signal to two hydraulic pumps which are
sited aft, one in each sidehull. The pumps which are driven by a continuous
rated electric motor control two rudders through a conventional feed back system.

For emergency operation, a secondary steering position for each rudder is pro-
vided at the hydraulic pumps; orders for steering angle being passed by sound
powered telephone from the Pilot House.

Steering also can be augmented by differential thrust accomplished through pro-

peller pitch differences or by propulsive power control.

4.7.3.9 Pollution Control System

Pollution control features are incorporated. Soil and waste drains collected by
the plumbing drainage system and held in Collecting, Holding and Transfer Tanks
(CHT) are either transferred to a shore sewage facility, or discharged overboard
outside contiguous zone when the ship is off-cushion. Food wastes are ground in
a garbage grinder and directed to the CHT system, which has a capacity sufficient
for one day's -wastes. Each tank contains an air aspirator system that prevents
the contents from becoming anaerobic.(with resulting obnoxious fumes). Solid
wastes are compacted and stored for disposal at a shore facility.

4.7.3.10 Auxiliary System Weight Breakdown

The weight breakdown of the auxiliary subsystems is presented in Table 4 -xix.

4.7.3.11 Auxiliary System Risk Assessmlent

All auxiliary system components are well within the present state-of-the-art;
therefore, no technical risk or development program is envisaged.

4.8 OUTFIT AND FURNISHINGS

4.8.1 Summary Description

Outf it and furnishings include material, equipment, and furnishing not included
elsewhere in the Ship Work Breakdown Structure, but necessary to provide buman
support and complete the functional use of spaces and areas. For purpose of
brevity only major areas are indicated:

a. Ship Fittings

b. Hull Compartmentat ion

C. Preservatives and Coatings

d. Spaces-Living, service, working, and storage.

4.8.2 Outfit and Furnishings Arrangements

Figure 4-34 shows plan layouts for the crew, pass~iagers and mobilization living
spaces and Figure 6.1-4 for engineering compartment arrangements on the sixth
deck. Care was taken to place all living quarters and ship control functions on.
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the main deck. The volume aft of the engine air intakes is used for laddersleading to the cargo and engineering spaces below, thus minimizing interference
with cargo flow. To'this end, functional spaces have been co-located with stor-
age spaces.

Workshops are located in either sidehull on the machinery deck between bulkheads
317'-00" and 422'-08" where there is ample room for storage of repair parts and
flammable liquids.

WEIGHT OF AUXILIARY SYSTEMS SWBS GROUP 500

SWBS GROUP ITEM WEIGHT LT

511 Compartment Heating 0.75

512 Ventilation (Cargo Holds) 1.50

513 Machinery Space Ventilation 10.00

514 Air Conditioning 12.00

516 Refrigeration System 1.00

521 Seawater & Firemain 34.50

522 Sprinkler System 2.00

526 Scuppers & Deck Drains 5.00

528 Plumbing Drainage 1.00

529 Drainage & Ballasting 7.00

531 Distilling Plant 3.00

532 Cooling Water 1.25

534 Drains within Machinery Box 1.00

541 Fuel & Fuel Compartment System 10.00

551 Compressed Air System 8.00

555 Fire Extinguishing System 25.00

556 Hydraulic Fluid System 3.00

561 Steering 16.00

571 Replenishment at Sea 1.00

581 Anchor Handling & Stowage 50.00

582 Mooring & Towing System 10.00

583 Boat Handling & Stowage 20.00

584 Ramps & W/T Doors 40.00

593 Environment Pollution Control 3.00

TOTAL Auxiliary Systems 266.00

TABLE 4-xix ".
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WEIGHT OF OUTFIT AND FURNISHINGS SWBS GROUP 600

GROUP TITLE WEIGHT
LBS LT

611 Hull Fittings 11,200 5.0
612 Rails, Stanchions 11,200 5.0
613 Rigging & Canvas 2,240 1.0
621 Nonstruct Bulkheads 6,720 3.0
622 Floor Plates, Gratings 8,960 4.0
623 Ladders 11,200 5.0
624 Nonstruct Closures 4,480 2.0
625 Airports, Windows 2,240 1.0
631 Painting 44,800 20.0
633 Cathodic Protection 11,200 5.0
634 Deck Covering 22,400 10.0
635 Insulation 412,160 184.0
637 Sheathing 2,000 0.9
641 Master's Berth & Mess 15,520 6.9
642 Mate's Berth & Mess 2,000 0.9
643 EM Berth & Mess 21,825 9.7
644 Sanitary Space, Fixtures 2,985 1.3
645 Leisure & Community 3,960 1.8
651 Commissary 9,315 4.2
652 Medical 1,865 0.8
654 Ut il it y 0 0
655 Laundry 500 0.2
661 Offices 1,850 0.8
662 Bulletin Boards 150 0.1
663 Pilot House 3,895 1.7
665 Workshops 9,500 4.2

671-672 Lockers/Stores 26,885 12.0
698 Operating Fluids 4,480 2.0
699 Repair Parts 1,000 0.5

TOTAL Outfit & Furnishings 656,530 293.0

TABLE 4-xx
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4.8.3 Outfitting and Furnishings Weight

A volume estimate of 3KSES spaces (SWBS 640-690) listed in the 3KSEJ Weight
Summary was used to determine an equivalent specific weight (lbs/ft ). Weights
for the NPS were derived once the volume of appropriate spaces was determined.
This results in an estimate of 293.0 LT for the 600 Weight Group, as shown in
Table 4-xx.

4.9 DESIGN WEIGHT

The following design weight report for the MPS utilizes the format of the Naval
Ship Systems Command Ship Work Breakdown Structure (NAVSHIPS 0900-039-9010) to
the element level. All reported equipment weights have been obtained from
either manufacture's published data or detailed analysis of the 3KSES design
data package. Structural weights have been estimated from preliminary struc-
tural drawing and loads analysis.

4.9.1 Weight Summary

SWBS GROUP DESCRIPTION WEIGHT (LT)

100 Structure 3,917
200 Propulsion 255
300 Electric 95
400 Communication & Surveillance 23
500 Auxiliary 266
567 Lift System 284
600 Outfit & Furnishings 293
700 Armament None
Design & Builders
Margin 255

LIGHT SHIP 5,388

F Loads
FIO Personnel 5
F30 Provision-Personnel Stores - General 8
F40 Lube, Hydraulic Oil 14
F50 Fresh Water 13

TOTAL - Ready for Sea 5,428

F60 Cargo 5,950
Tie Downs 313

TOTAL Cargo 6,262

Fuel 3,309

TOTAL (FLD) 15,000

Note: Removable decks may be stored ashore when not required.

I
4-76 L



4.9.2 Structure - SWBS Group 100

SWBS GROUP DESCRIPTION WEIGHT (LT)

110* Shell & Support Structure 1,750.7

120* Hull Structure Transverse Bulkheads 108.3
130* Hull Decks 1,536.2
140* Hull Machinery Flats & Platform 193.4
150 Deck House Structure (Aluminum) 95.5

160* Special Structures (HY-100 Steel) 62.0
(Aluminum) 62.2

170 Masts, King Post & Service Platform 9.0
(Aluminum)

180 Foundations (Aluminum) 99.7

TOTAL 3,917.0

*Constructed from HY100 Steel

4.9.3 Propulsion Plant - SWBS Group 200

SWBS GROUP DESCRIPTION WEIGHT (LT)

234 Propulsion Turbines 23
241 Reduction Gearing 120
242 Clutches & Couplings 4

243 Shafting 13
244 Bearings 12
245 Propellers 30

251 Combustion Air System 24
252 Propulsion Control 1
259 Exhaust System 15
261 Fuel Service 1
262 Lube Oil Service 7

298 Operating Fluids 4
299 Repair Parts I

TOTAL 255

4.9.4 Electrical System - SWBS Group 300

SWBS GROUP DESCRIPTION WEIGHT (LT)

311 Ship Service Power Generator 38.8
313 Battery & Service Power Generator 1.0
314 Power Conversion Equipment 1.0
321 Ship Service Power Cable 12.0
324 Switch Gear & Panels 21.0
331 Lighting Distribution 9.0
332 Lighting Fixtures 6.5

343 Diesel Support Systems 4.5

398 Electrical Plant Operating Fluids 1.0
399 Electrical Plant Repair Parts 0.3

TOTAL 95.1
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4.9.5 Navigation, Control and Communication Systems - SWBS Group 400

SWBS GROUP DESCRIPTION WEIGHT (LT)

421 Non-Electrica!/Electronic Navigation
Aids 0.1

422 Electrical Navigation Aids 1.2
423 Electronic Navigation System, Radio 0.3
424 Electronic Navigation System, Depth 0.2
426 Electronic Navigation System 0.5
432 Telephone System 1.5
433 Announcing System 2.4
434 Entertainment System 0.8
438 Integrated Control System 14.0
441 Radio Communication 1.3
443 Visual & Audible System 0.1
451 Surface Search Radars, Two 0.5

TOTAL 22.9

4.9.6 Auxiliary Systems - SWBS Group 500

SWBS GROUP DESCRIPTION WEIGHT (LT)

511 Compartment Heating 0.75
512 Ventilation (Cargo Holds) 1.50
513 Machinery Space Ventilation 10.00
514 Air Conditioning 12.00
516 Refrigeration System 1.00
521 Seawater & Firemain 34.50
522 Sprinkler System 2.00
526 Scuppers & Deck Drains 5.00
528 Plumbing Drainage 1.00
529 Drainage & Ballasting 7.00
531 Distilling Plant 3.00
532 Cooling Water 1.25
534 Drains within Machinery Box 1.00
541 Fuel & Fuel Compartment System 10.00
551 Compressed Air System 8.00
555 Fire Extinguishing System 25.00
556 Hydraulic Fluid System 3.00
561 Steering 16.00
571 Replenishnent At Sea 1.00
581 Anchor Handling & Stowage 50.00
582 Mooring & Towing System 10.00
583 Boat Handling & Stowage 20.00
584 Ramps & W/T Doors 40.00
593 Environment Pollution Control 3.00

TOTAL 266.00
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4.9.7 Lift System - SWBS Group 567

SWBS GROUP DESCRIPTION WEIGHT (LT)

Fan System Subbase (6) 22.26
Demister 1.24

Exhaust .45
Sound Attenuation .19
Shafting 1.79
Fans (6 DWDI) 35.36
Weather Inlets 7.91

Air Distribution Ducts 4.46
Air Valves, Distribution Ducts 2.04
Vent System 2.23
Fuel Oil Connect .05
Lube Tanks 1.23

Engine Controls .09
Lube Oil Pumps for Fans 1.79
Shaft Brakes & Torque Meter .17
Electrical Connector .01

6 SACM 240-V20-RVR Diesel Engines with 81.27

GB and All Accessories 162.00

Bow Seal 22.5
Stern Seal 18.5

TOTAL 284.00

4.9.8 Outfit & Furnishings - SWBS Group 600

SWBS GROUP DESCRIPTION WEIGHT (LT)

611 Hull Fittings 5.0
612 Rails, Stanchions 5.0
613 Rigging & Canvas 1.0
621 Nonstruct Bulkheads 3.0
622 Floor Plates, Gratings 4.0
623 ladders 5.0
624 Nonstruct Closures 2.0
625 Airports, Windows 1.0
631 Painting 20.0
633 Cathodic Protection 5.0

634 Deck Covering 10.0
635 Insulation 184.0
637 Sheathing 0.9
641 Master's Berth & Mess 6.9
642 Mate's Berth & Mess 0.9

643 EM Berth & Mess 9.7
644 Sanitary Space, Fixtures 1.3
645 Leisure & Community 1.8
651 Commissary 4.2
652 Medical 0.8
654 Utility 0.0
655 laundry 0.2
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4.9.8 Outfit & Furnishings - SWBS Group 600 (cont'd)

SWBS GROUP DESCRIPTION WEIGHT (LT)

661 Offices 0.8
662 Bulletin Boards 0.1
663 Pilot House 1.7
665 Workshops 4.2

671-672 Lockers/Stores 12.0
698 Operating Fluids 2.0
699 Repair Parts 0.5

TOTAL 293.0

4.9.9 Bow Seal Weight Estimate

COMPONENT WEIGHT (LBS)

BAG

Lobe Panels (180 oz/yd2) 7,970
Straps (170 oz/yd2 ) 500
End Caps (180 oz/yd2 ) 3,010
Clamping Bead Inserts 400
Apron (180 oz/yd2) 480
Apron/Finger Attachment Hardware 640
(Steel)

BAG 13,000

FINGERS

Set of ten (10) (170 oz/yd2) 28,500
(Based on four seams)

Clamping Bead Inserts 200

FINGERS 28,700

ATTACHMENT
CLAMPS

Bag-to-Hull (Steel) 5,670
Finger-to-Hull (Steel) 4,000

ATTACHMENTS 9,670

TOTAL 51,370
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4.9.10 Stern Seal Weight Estimate

COMPONENT WEIGHT (LBS)

BAG (Multi-lobe)

Lobe Panels (180 oz/yd2 ) 6,645
End Caps (180 oz/yd2) 8,355
(Toroidal & Conical Sections)

Straps (170 oz/yd2) 250

Horizontal Web (170 oz/ d2) 4,370
Vertical Web (170 oz/yd ) 6,750
(Set of Five)

Planing Panel (180 oz/yd2) 7,700
Fiberglass Sheathing 1/16" thick 270

BAG 34,340

ATTACHMENT
CLAMPS

Clamping Bead Inserts 400

Internal Clamping Hardware (Steel) 1,100
Bag-to-Hull (Steel) 5,700

ATTACHMENT 7,200

TOTAL 41,540

4.9.11 Variable Loads Weight Estimate

Allowance Per Man

PERSONNEL WEIGHT (LBS)

Officers (Licensed) 400

CPOs (Senior Non-Licensed) 330
Enlisted (Non-Licensed) 230

Weight Allowances (Crew and Effects)

PERSONNEL QTY WEIGHT (LBS)

Licensed 11 4,400
Senior (Non-Licensed) 3 990

Non-Licensed 24 5,520

38 10,910 = 4.87 LT

Weight Allocation for Provisions, Personal Stores, and General Stores

PROVISIONS POUNDS PER MAN PER DAY

Dry 3.20
Freeze 1.11
Chill 1.65
Clothing & Small Stores .07

Ship's Store .08
General Stores 1.06

7.89

4-81



4.9.12 Weight Estimate Of Cargo Handling Systems

SWBS 160 SWBS 584

Type of System Unit Total Unit Total
(Dimensions) (Material) Quantity Weight Weight Weight Weight

LT LT LT LT

Fixed Interior Deck Ramp 2 8.6 17.2 - -
(20' x 54') (Aluminum)

Movable Hinged Deck Ramp 2 11.67 23.3 1.5 3.0
(20' x 54') (Aluminum)

Exterior Watertight 4 5.1 20.4 2.9 11.6
Door/Ramp (22' x 14')
(HY-100)

Exterior Watertight 5 3.7 18.5 2.1 10.5
Door/Ramp (16' x 14')
(HY-100)

Exterior Door/Ramp 4 3.03 12.1 1.2 4.8
Extension (21' x 13')

(HY-100)

Exterior Door/Ramp 5 2.2 11.0 0.9 4.5
Extension (15' x 13')

(HY-i00)

Interior Watertight 10 2.17 21.7 0.6 16.8
Door (16' x 14')

(Aluminum)

Subtotal 124.2 40.4

Removable 3rd Deck* 1 171 171 - -

(48,000 sq. ft.)
(Aluminum)

Removable 4th Deck** 1 188 188
(43,105 sq. ft.)

(Aluminum)

483.2

*Removable 3rd Deck is used for the Airborne Division only and included
as part of the payload weight.

**Portions of 4th Deck are removable and included as part of the payload

weight.
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5. MANNING AND HABITABILITY

5.1 MANNING CONCEPT

Two operational profiles were considered in the development of the MPS
manning concept. Primary consideration was given to manning for Mili-
tary Sealift Command (MSC) operational'control with Navy Civil Service
and Navy military personnel. This concept supports a mission profile of
providing strategic mobility support and service for the Army, Navy,
Marine Corps, and Air Force in war and emergency or contingency.

A nominal 38-person crew complement for the ship under MSC operational
control is projected. The second concept projected requirements for
full civilian personnel manning to support commercial application of the
MPS. A nominal 28-person crew complement resulted. A comparison of
manning requirements between the preliminary design requirements, the
Maritime Administration requirements for the PD-214 (a proposed RO/RO
ship), and this study's projected requirements is depicted in Table 5-i.
Dependent upon the degree of automation contemplated for the MIPS, the
manning level could be further reduced.

The operational/maintenance manning objective is directed toward reduced
manning. Table 5-ui provides the projected manpower utilization. Watch
station requirements are combined by utilization of automated equipment.
Additionally, personnel would not be assigned for the sole purpose of
performing maintenance. The ship system design will incorporate provi-
sions for installing condition monitoring equipment in mission essential
systems to eliminate or minimize preventive maintenance requirements and
thereby reduce personnel requirements. Operational and corrective
maintenance actions performed by the ship's crew will be directed toward
maintaining equipment in an operational state by utilization of a com-
ponent and module replacement strategy. The impact of reduced manning
on the variable load weight is shown in Table 5-iii. Ship systems will
be designed to permit incremental overhaul of subsystems and related
auxiliaries. Major maintenance actions and non-essential equipment and
components maintenance will he deferred for in-port availabilities and
for support by functional maintenance activites.

5.2 HABITABILITY

General habitability arrangements, based on Navy requirements and infor-
mation provided by the Military Sealift Command, are shown in Figure 4-
34. In view of the desire to maximize the cargo load, stowage and off-
load capabilities, all accommodations were placed in a side-to-side
superstructure at the main deck level. This location resulted from the
dual need to accommodate access to lifeboat embarkation stations, frames
90-130 port/starboard, to engine room spaces, and to accommodate both
the gas turbine intakes and the various machinery exhaust systems. The
galley, crew mess, supporting reefer and associated spaces are located
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* a

COMPARATIVE MANNING REQUIREKENTS
OF CONVENTIONAL AND SES MULTI-PURPOSE SHIPS

2 PD-214
1 PD-214 Gas MPS MPS

Billet PDR Standard Turbine Civilian MSC
1. Master 1 1 1 1 1

DECK DEPARTMENT
2. Chief Mate 1 1 1 1 1
3. 2ND Mate 0 0 0 1 1
4. 3RD Mate 1 1 1 1 1
5. 3RD Mate 1 1 1 0 1
6. Radio Officer 0 1 1 1 l(USN)
7. Bosun 1 1 1 1 1
8. ABSeaperson 1 1 1 1 1
9. AB 1 1 1 1 1

10. AB 1 1 1 1 1
11. AB 1 1 1 1 1
12. AB 1 1 1 1 1
13. AB 1 1 1 1 1
14. OS Seaperson 1 1 1 1 1
15. OS 1 1 1 1 1
16. OS 1 1 1 1 1
17. Radio Operator 1 0 0 0 i(USN)
18. Radio Operator (USN) 0 0 0 0 l(USN)

ENGINEERING DEPARTMENT
19. Chief Engineer 1 1 1 1 1
20. 1ST Assistant 1 1 1 1 1
21. 2ND Assistant 1 1 1 1 1
22. 3RD Assistant 1 1 1 1 1
23. 3RD Assistant 1 1 0 0 1
24. Chief Electrician 1 1 1 1 1
25. Engine Mechanic 1 1 0 0 1
26. QMED 1 1 1 1 1
27. QMED 1 1 1 1 1
28. QMED 1 1 1 1 1
29. QMED I 1 1 0 1
30. Wiper 1 1 1 1 1
31. Storekeeper (USN) 0 0 0 0 l(USN)

STEWARDS DEPARTMENT
32. Chief Steward 1 1 1 1 1
33. Chief Cook 1 1 1 0 1
34. Cook 1 1 1 1 1
35. Utility Person I 1 1 .1 1
36. Utility Person 1 1 1 0 1
37. Utility Person 1 1 1 0 1

38. Mess Person 1 1 1 1 1

TOTAL 34 34 32 28 38

IPDR - Preliminary Design Requirements Estimate I
2 PD-214 - Maritime Administration Proposed Ship Type

TABLE 5-i 
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PROJECTED MANPOWER UTILIZATION

BILLET AT SEA 2i'AU jT/>L-ARI PORT ENGINEERING FIRE EMERGENCY
. ... _ _ASUALTY

. laster In Cormz:.d 2. riLy-in Comnand In Command Bridge-in Command
DECK DEPARTMENT
2. Chief 'late Ship Control Iridg-SC Officer Bridge and AR At Scene-in Charge
3. 2ND Mate Ship Control -atch For castle-in Charge As Required Bridge-SC Officer
4. 3RD Mate Ship Control-;4at, h Stern-in Charge As Required Life Boat in Charge
5. 3RD Mate S! Contr_ t id pii L-inCharge As Required As Required
n. Radio Officer Radio-i_ Cirg, Radio-in Charge Radio-in Charge

Bosun _, te Lines As Required At scene-Emerg Squad
B. AB Seaperson uarternmatr orecastle-Lines As Required Emerg Squad-Provided
9. AB Quartermaster Forecastle-Lines As Required Emerg Squad-Provided

10. AB Quartermaster Midships-Lines As Required Emerg Squad-Provided
II. AB Look.Jut Midships-Lines As Required Emerg Squad-Provided
12. AB Lookout Stern-yies As Required Boat Station
13. AB Lookou. _tern-Loes An Required Boat Station
14. Ordinary Seapzrson Maint-Houselkee g Forecastle-Lines As Required Emerg Squad-Messenger
15. 0S Car. d o .'lid ip .I .. .As Reguired Bridpe-Messenger

'arAs Required Emerg Squad-Messenger
.17. Radio Operator idi"a1 AsRequired Boat Station

18. Radio Operator Radio Watch- A e-ocred As Required As Required
ENGINE DEPARTMENT
19. Chief Engineer In Char _ ge _e -hrg of Dept. At Scene In Charge Eng. Dept
20. 1ST Assistant En icn FU, e oinsol, Off-Watch Engine Console
21. 2ND Assistant En ine Ion _ .t at onsole As Required Asst. at Console

3RD Assistant Engine ' . ner..-TDAs Required Asst. Chief Engr
3RDAssistant Asst t'--'-T 'cT) As Required Asst. Chief Engr
Chief Electrician Asst. a' io] ch nerv-TRII Repair Team Machinery

5. Engine Mechanic Asst. at : ierc-BD Repair Team Space as Directed
26. QUD Asstn . Repair Team Emergency Squad

_7. __D__oi________.._ t a, eh r-D Repair Team Emergency Squad

2g. QMED Roving Patr ',, io i, chiner -IBD Repair Team Emergency Squad
29. QMED Rovin.jiat .r ,t ac ' ~hiwrv-FBD Repair Team Emergency Squad

Wiper Housek 0- i I rv -'BD Repair Team Emergency Squad
Storekeeper tre tr, ., isced As Required Emergency Squad

CiWARD'S DEPARTMFNT
2. Thief Steward In aLAr'v "it-.f D

t  
In Charge of Dept.ln Charge of Dept.

Chief Cook "ood Pr, "rnab ties ormal Duties Secure Galley
i.. Cook Food PrL..j. i,rma- Duties Normal Duties Secure Galley
13. U'tility Person Food Service ;.ormal Duties Normal Duties Secure Salon
3T. Utility Person Food Servile Normal Duties Normal Duties Secure Staterooms
37. Utility Person Food Service ,,-ma Duties Normal Duties Secure Staterooms
3. Mess Person Food Servici/,. .ean.-!*Normal Duties Normal Duties Secure Staterooms

TABLE 5-ii
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VARIABLE LOADS WEIGHT ESTIMATE

In accordance with Naval Ships Technical Manual 1 Mar 1974, Chapter 9290
Para. 173.1

Personnel Pounds Per Man

Officers (Licensed) 400
CPOs (Senior Non-Licensed) 330
Enlisted (Non-Licensed) 230

Weight Allowances (Crew and Effects)

Personnel YWeight

Licensed 11 4,400
Senior Non-Licensed 3 990
Non-Licensed 24 5,520

38 10,910 LB = 4.87 LT

Weight Allocation for Provisions, Personal Stores, and General Stores

Provisions Pounds Per Man Per Day

Dry 3.20
Freeze 1.11
Chill 1.65
Clothing & Small Stores .07
Ship's Store .08
General Stores 1.06

7.89

For 30-Day Mission:

38 Men x 30 Days x 7.89 LBS/MAN/DAY = 8994.60 LBS

= 4.02 LT

TABLE 5"iii
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near the centerline of the main deck house. This central location
provides the required separation of the unlicensed (enlisted) accom-
modations to the port side of the main deck house and the licensed
(officer) accommodations to starboard. Four ladder-ways provide access
to the main cargo and engineering spaces, while at the same time mini-
mizing the loss of usable cargo space. Boat stowage and embarkation
have not been assigned, but it is anticipated the main deck level aft of
the deck house structure (port and starboard) will be utilized.

Accommodations for the master and mobilization/passenger personnel are
located on the 01 Level aft of the pilot house. The pilot house, radio
room, and navigation support areas are on the centerline at the 01
Level. Each area is served by a central ladder-way terminating on the
main deck level within the deck house. Although depriving the conning
officer of a deck edge location which is highly desirable in docking
situations, the centerline control station is of primary importance with 2

regard to the orientation of the conning officer, while underway in the
high relative motion situations caused by the HE'S's inherent speed
capability. The central location and height of the pilot house are
ideally suited for control when underway, especially during high speed
operation. Provisions will be made on the port and starboard wings of
the 01 Level for two maneuvering stations equipped with direct communi-
cations to the pilot house and engine and steering control indicators.
These stations will be used during maneuvers in port and in and out of
docks.

Although USCG Regulations for Cargo Vessels, 46 CFR 92. 15-15 and 92.20-
50, contain general provisions for adequacy of quarters ventilation and
heating, the advent of modern air conditioning and heating systems and
pressures for improved crew habitability generated by maritime labor
unions have largely overtaken these regulations. The installation of
packaged conditioned air systems, produced by recognized manufacturers,
is generally accepted as meeting the requirements cited in the foregoing
regulations and will be considered during detail design. There are at
present no specific regulations for noise level control on board com-
mercial vessels. The Coast Guard has, however, recently sponsored tests
at the Naval Ocean Systems Center (NOSC), San Diego, CA, which addressed
the question of current noise levels aboard merchant vessels and pro-
posed recommendations for acceptable shipboard noise levels. This
undertaking indicates that considerations of shipboard noise levels are
being addressed within the regulatory community. Considering the multi-
plication of high frequency noise sources, such as those produced by a
gas turbine, noise regulation is a valid concern and will be considered
during the detail design.

Specific requirements for lighting both inside and outside the accom-
modations spaces are set forth in the Subchapter J Electrical Regula-
tions of the USCG. Regular and emergency lighting requirements are
addressed, as well as requirements for special spaces such as the MPS
cargo areas.

There are no specific Coast Guard Requirements for fresh water systems
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other than compliance with specified requirements of the U.S. Public
Health Service with regard to isolation of potable water tanks from salt
water, fuel oil and other shipboard sources of contamination. There are
no requirements as to amounts carried; however, distilling plants
utilizing pressure vessels are subject to applicable portions of the
Marine Engineering Regulations, Subchapter F. U.S. Public Health Regu-
lations with regard to ratproofing sanitary aspects of the food service
areas are also applicable.

46 CFR 92.20 details the requirements for officer and crew accommoda-
tions. Once again, union requirements generally mandate accommodations
that far exceed the requirements of these regulations. Deck area and
volume allocations of the Coast Guard Regulations are met by this de-
sign. Semi-private sanitary facilities provided for each stateroom far
exceed Coast Guard requirements. 46 CFR 92.20-40 sets forth general
requirements for lounge, welfare, recreation, and personnel service
spaces and facilities that are usually dictated by management-labor
agreements.
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6. P.\YuIOAD, 1',-T Cl ',TION AND LOGISTICS

6.1 PAYLOAD INTERFACE TRADE STUDY

Compatibility between the st~c ag and handling requirements of the
payload and various options available in the selection of primary ship
proportions and design features were considered. The analysis consisted
of the following major elements:

a. Description of cargo characteristics in terms of weight,
deck area, vertical height, and handling requirements.

b. Evaluation of ship proportion options.

c. Evaluation of cargo access and handling systems with respect
to weight, space, and cargo handling time.

d. Payload stowage analysis.

e. Preliminary time line analysis for loading and offloading.

6.1.1 Payload Description

6.1.1.1 Military Pi':, !

Two types of military cargo were considered: (1) Equipments of a
United States Army Airborne Division, and (2) Equipments of a United
States Army Armored Division.

Tables 6-i and 6-ii describe shipping configuration weights, deck areas
and heights of the equipments that comprise an Airborne Division and an
Armored Division, respectively. [he Army divisions exclude combat
support and combat service units which vary in type and quantity accord-
ing to mission needs. Nominal allowances for the weight of tie-down
equipment and the access required for vehicle maneuvering and personnel
operations are included. Fvc. percent of the total payload weight is
used for the weight of tie-do-n equipment. Twenty-five percent of the
total payload deck area represents the access area needed for vehicle
maneuvering and personnel operations.

Liaison with U.S. Army agencies, including the Transportation Engineer-
ing Agency located in Newport News, Virginia, provided identification of
equipment by line number on the U.S. Army Forces Conmmand (FORSCOM)
Computerized Movement Planning and Status System (COMPASS) Consolidated
Cargo Listing printed 31 January 1980 for the 2nd Armored Division, Fort
Hood, Texas, and the 82nd Airborne Division, Fort Bragg, North Carolina.

4
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6.1.1.2 Commnercial Payload

The ship is capable of carrying various types of commercial rolling
stock, break-bulk and containers. Two types of commercial containerized
cargo were considered: (1) 40-foot containers (40 ft. x 8 ft. x 8
ft.), and (2) 20-foot containers (20 ft. x 8 ft. x 8 ft.). Normal
loaded weights of these containers are 15 LT each for 40-foot containers
and 11 LT each for 20-foot containers.

6.1.2 Ship Proportion Options

This section details ship design factors and ship proportion options

considered in the determination of primary ship proportions.

6.1.2.1 Ship Design Factors

Ship design factors that were influential in establishing primary ship
proportions included the following:

a. Payload weight and volume

b. Maximum ship displacement of 15,000 LT

c. Unrefueled range of at least 3,900 rim at 15,000 LT displacement

d. Minimum ship speed of 33 kt at 15,000 LT displacement

e. Minimum number of ships to deliver payload

6.1.2.2 Assessment of Ship Proportion Options

Airborne and Armored Division military cargos were considered the pri-
mary payloads. Commercial RO/RO and containerized cargo were treated as
secondary payloads. Ship proportion options were optimized for handling
Airborne and Armored divisions cargo in the same ship.

First, ship proportions were optimized for stowage of the Armored
Division. Analysis of the cargo established the need for five ships to
satisfy cargo weight requirements. The transportation of the Armored
Division cargo is therefore bound by cargo weight capacity limitations
of the ship.

Second, ship proportions were selected for stowage of the Airborne
Division. Analyses of the cargo deck area requirements indicated that
cargo for the Airborne Division was volume critical and that two ships
with four decks would be required. The cargo weight analysis estab-
lished that weight of the Airborne Division cargo was not a limiting
factor for this type of cargo.

From these iterations it was decided to optimize the ship proportions
for stowage of the Airborne Division. This satisfied area and volume
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requirements of both Airborne and Armored Division cargos and minimized
the number of ships required. At the same time the full load displace-
ment was optimized for the heavier Armored Division cargo. To maximize
ship loading fexibility between the volume limited airborne cargo and
weight limited armored cargo, two of the interior decks are portable and
are only installed as needed.

6.1.3 Access and Handling Systems

The cargo functions of loading, stowage, and offloading were evaluated
as a series of transportation links. Experience with previous Roll
On/Roll Off (RO/RO) designs (i.e., Comet and Challenger) and the ob-
jective of minimization of weight influenced the selection of optimum
cargo access and handling systems.

Determination of the optimum cargo handling systems was an iterative
process consisting of the following steps:

a. Evaluation of cargo handling systems

b. Evaluation of cargo ingresses/egresses

c. Evaluation of weight estimates for cargo handling systems

6.1.3.1 Cargo Handling Systems

The basic cargo handling functions are loading, internal stowage and
offloading. Analysis of available loading/unloading systems resulted in
the retention of the following alternatives for detailed evaluation:

a. RO/RO with ramps

b. RO/RO with deck edge elevators

c. Lift-On/Lift-Off (LO/LO) from deck, elevators or platforms

by cranes

d. Fly-On/Fly-Off (FO/FO) for helicopters and/or cargo

A cargo loading/offloading system matrix was developed from the detailed
evaluation to summarize and compare the relative efficiency of each
system. Matrix element numbers indicate the relative order of ranking
with the lower number the most desirable.
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CARGO LOADING/OFFLOADING SYSTEM MATRIX

Load/Offload
System Time Weight Efficiency Area Efficiency

RO/RO (Ramps) I I (fixed or hinged ramps) 2*

RO/RO (deck
edge elevators) 2 3* (4 elevators) 3

LO/LO 3 3* (12 deck edge platforms) 1

FO/FO 4 2 (2 elevators) 2*

* Difference not considered significant for this study.

Appendix b provides the initial assumptions and preliminary calculations
concerning load/offload time of each cargo handling system. The RO/RO
concept with ramps provides minimum load/offload time of 4.6 hours,
while load/offload time for the RO/RO concept with deck edge elevators
is 9.5 hours. Load/offload time of LO/LO is 30.6 hours (due to con-
straints of pier facility crane operations) and load/offload time of
FO/FO is excessive due to fly-off preparation of helicopters.

The weight and area efficiencies of ramps and elevators were based upon
estimates contained in earlier SES study reports. The area efficiency
of the LO/LO concept with deck edge platforms is the highest as this
concept utilizes the least amount of cargo deck area. The area effi-
ciency of ramps and elevators is approximately equal.

RO/RO operation cycle times required for vehicle handling, were superior
to the LO/LO cycle times as demonstrated by the Comet-Challenger tests
in 1963 ("Three Winning Designs - FDL, LHA, DD-963: Method and Selected
Features", R. Leopold and W. Reuter, The Society of Naval Architects
and Marine Engineers Transactions, Volume 79, 1971, pg. 329). The
limitations of a RO/RO concept for helicopter handling were defined and
feasibility of such an operation established. Calculations in Appendix
B indicate that the towing of helicopters on wheeled cradles is feasible
provided minimal access ramp angles (less than 5 degrees) are maintained
and no abrupt changes in elevation exist.

The RO/RO handling system with ramps was selected for handling military
and commercial cargo due to its superiority in load/offload time and
weight efficiency. Additionally, the RO/RO concept was selected for
handling commercial containers on the 5th deck in conjunction with the
LO/LO concept for handling containers on the 1st (main) deck. The LO/LO
concept proved optimum due to the efficiency of crane operations in
container port facilities.

Fixed ramps, hinged ramps and elevators were compared for their effec-
tiveness in handling cargo. Results of the comparat've analysis are
shown below:
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INTERNAL HANT)LIN , METHOD MATRIX

Cargo
Handling Weight Area

Method -fficiencv Lfficiencv Efficiency Reliability

:ixedi Rarnps V* 1 * 1

R Hamps 2 *

Elevators z 3 *3

• Differinct not considerd significant for this study.

>,to: >atrix< 'i,.nt nz,,iuir indihate relative ranking with the lowest
numbe r the ::1os c.-; rahle.

The cargo handling efficien'y of ramps in terms of load/offload time is

hiylier than elevat rs as discussed earlier. Fixed ramps have the high-
'.t vicht efficienc'v ,ml*. to Vie lack of machinery components required

'i i i..I ra:u p-; i;ni v 7." cargo area efficiency of ramps and
k evitor, i' ipproxim.tL c-q..al. ixed ramps, by design, provide the

optimum reliabilitY.

i<ed ramps were used (when feasible) as a result of their high effi-

iencies in cargo handling tine and their advantages in terms of weight,
, ,. ... ,-: :,cd at the fourth deck were

-,,Li-, .U >- ))r la,!ing and storage. Ramp designs
. S .: C ,i cu-- e char,,CtCL i.tt and angles of existing shipboard

rirnps asshown in abl, -iii. The LSNS Comet fixed ramp angle of 17

* re .: -.-; u._, Zis t11e 0ixi.t:. ra7nr design angle, after consideration

.S," >i IPBOARD RAMPS

RMIP ANGLE (DEG) RAMP WIDTH (FT)

SHIP SHIP NAME OR CLASS FIXED HINGED FIXED HINGED REMARKS

Naval LHA- i 14.5 14.5 20 12

I I iioll IST 156 12 18 entire 15

i -3fI)423 23 width 10
of well

LSI)-28 16.5 NA 10 NA

M'ilitary USNS Comet (C3-ST-14a) 17 16 10 10 S Shaped
Sealift USNS Callaghan 14 NA 16 NA Ramps
Car ;o Ships

Commercial Matsonia (Sun Ship- 10 NA 18 NA S Shaped

Ships building RO/RO)
Maine (C7-S-95a) 7.5 NA 24 NA

NA Not Applicable
, TABLE 6-l7



of the geometry of the RO/RO cargo and the weight impact of shallower
ramp angles.

6.1.3.2 Selection of Cargo Ingresses/Egresses

Initial design effort attempted to provide as many ingress/egress points
as possible, assuming that cargo flow in or out of the ship would be
orifice-limited. However, selection of the RO/RO handling system elim-
inated requirements for weather deck egress points and analysis of cargo
stowage and internal flow allowed further reduction of egress points to
two port, two starboard, and five stern egresses. These ingress/egress
locations provide the MPS with sufficient flexibility to optimize cargo
loading/off-loading.

6.1.3.3 Weight Estimates of Cargo Handling Systems

General arrangement drawings of the MPS, Figures 6-1, 6-2, 6-3 and 6-4
were used to estimate the weight of the cargo handling systems. Ma-
terial weights are based on the use of aluminum or HYI00 steel. Table
6-iv lists the estimated weights for the cargo handling systems.

Exterior access ports are hydraulically operated watertight doors; 14
feet high and 16 feet wide at the stern, and 22 feet wide at the sides.
Each door serves as a ramp with a sliding ramp extension 13 feet long
and 15 feet wide for stern doors and 21 feet wide for side doors. The
sliding ramp is secured to the watertight door when in the closed
position. No external crane service is necessary for placement or
stowage.

Hydraulically operated interior watertight doors are of two types: a
sliding or hinged swing, dependent upon clearance and cargo stowage
requirements.

Interior fixed ramps between decks are 20 feet wide to allow for per-
sonnel access and two lane traffic on the ramps. A removable 3rd deck
(car deck) is used for the Airborne Division and small commercial ve-
hicles. The car deck ramp is a 10 foot wide hinged section of a larger
fixed ramp. Several sections of the 4th deck are also removable.

The watertight movable (hinged) ramps between the 4th and 5th decks are
20 feet wide and are hydraulically operated.

Fixed ramps are designed for 8 ton cargo trucks weighing 11.2 tons each,
and movable ramps are designed for tanks weighing 43.3 tons each.
Structural restraints require the 54 foot main girders of the fixed
ramps to have column supports approximately 26 feet on center. The
hinged ramps also have supports at approximately the 26 foot point.

6.1.4 Payload Stowage Analysis

Stowage analysis consisted of the following steps:
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WEIGHT ESTIMATE OF CARGO HANDLING SYSTEMS

SWBS 160 SWBS 584

Type of System Unit Total Unit Total

(Dimensions)(Material) Quantity Weight LT Weight LT Weight LT Weight LT

Fixed Interior Deck Ramp 2 8.6 17.2 - -

(20' x 54') (Al)

Movable Hinged Deck Ramp 2 11.67 23.3 1.5 3.0
(20' x 54') (Al)

Exterior Watertight 4 5.1 20.4 2.9 11.6

Door/Ramp (22' x 14')

(HY- 100)

Exterior Watertight 5 3.7 18.5 2.1 10.5

Door/Ramp (16' x 14')

(HY- 100)

Exterior Door/Ramp 4 3.03 12.1 1.2 4.8

Extension (21' x 13')
(HY- 100)

Exterior Door/Ramp 5 2.2 11.0 0.9 4.5

Extension (15' x 13')
(HY-100)

Interior Watertight 10 2.17 21.7 0.6 16.8

Door (16' x 14') (Al)

Subtotal 124.2 40.4

Removable 3rd Deck* 1 171 171 -

(48,000 sq. ft.) (Al)

Removable 4th Deck** 1 188 188

(43,105 sq. ft.) (Al)

483.2

* Removable 3rd Deck is used for the Airborne Division only and includ-

ed as part of the payload weight.

** Portions of 4th Deck are removable and included as part of the pay-

load weight.

TABLE 6-iv
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a. Establishing feasibility of payload stowage and handling

b. Identifying area requirements for access and payload mani-
pulation

c. Identifying essential ship arrangement features

6.1.4.1 Payload Stowage and Handling

Payload requirements were evaluated in terms of area and weight to
establish preliminary ship loads and distribution of cargo. Analysis
established the feasibility of payload stowage/handling and finalized
ship loading.

Two ships are required to transport a complete Airborne Division and
five ships are required for an Armored Division. The number of ships
was determined by the cargo area and weight in Tables 6-i and 6-11 and
utilization of a 3,900 nm range and corresponding payload weights/ ship
displacements of Figure 3-5.

Figures 6-5 and 6-6 show the cargo arrangement for 1/2 of an Airborne
Division. Figures 6-7 and 6-8 show the cargo arrangement for 1/5 of an
Armored Division. Tables 6-v and 6-vi specify the payload distribution
for both cargo arrangements. The initial allowance of 25% for access
area increased to 75% after completion of the cargo arrangement analy-
ses. This 75% access area increased the gross area to 467,952 sq. ft.
per Airborne Division and 820,864 sq. ft. per Armored Division. This
increase in access area permits rapid stowage and unloading of cargo.
Figures 6-5 and 6-6 indicate that there is considerable space available
for additional Airborne Division cargo if the need arises. Payload
handling characteristics impacting on access area requirements are
shown in Table 6-vii.

Stowage of the Airborne Division is limited by the available cargo deck
area of 234,683 sq. ft. Stowage of the Armored Division is limited by
the payload carrying capacity of 6,200 LT for a 3,900 nm range and
15,000 LT ship displacement as shown in Figure 3-5.

The total ship capacity on the main and fifth decks is 548 40-foot con-
tainers or 1,270 20-foot containers. One ship can carry 413 40-foot
containers or 563 20-foot fully loaded containers. Stowage of these
containers is limited by the payload weight carrying capacity of 6,200
LT for 3,900 nm range. Table 6-viii shows the arrangement of the con-
tainers on the 1st and 5th decks. Containers are handled by overhead
pier cranes for stowage on the 1st (Main) deck and by forklifts, strad-
dle carriers and/or tractor-trailers for stowage on the 5th (Tank) deck.

6.1.4.2 Area Requirements for Access and Handling

The definition of external and internal handling systems and the itera-
tive cargo arrangement studies for payload handling feasibility were
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ARRANGEMENT OF 1/2 AIRBORNE DIVISION ON
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ARRANGEMENT OF 1/5 ARMORED DIVISIOI
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ARRANGEMENT OF 1/5 ARMORED DIVISION ON
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MORED DIVISION ON FOURTH AND FIFTH DECKS
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principal factors in establishing cargo access requirements. Cargo
egress points and internal flow patterns determined payload manipulation
area requirements. Significant ship design factors influencing these
area requirements were ship's structure (e.g., structural bulkheads and
stanchions) and the watertight sidehull bulkheads on the 5th deck.

Major access space requirements exist in the area of the sidehull water-J
tight doors as shown in the Airborne and Armored Division arrangement
drawings, Figures 6-5, 6-6, 6-7, and 6-8, respectively. Payload handl-
ing and stowage requirements coupled with the sidehull watertight
bulkheads required utilization of large, watertight doors. Ship bulk-
heads and stanchions were adjusted to insure a balance between space
utilization and structural efficiency.

ARRANGEMENT OF CONTAINERS

Deck 40-Foot Containers 20-Foot Containers.

1st (Main) 281 319
5th (Tank) 132 244

TOTAL 413 563

TABLE 6-viii

6.1.4.3 Ship Arrangement Considerations

Results of the analysis performed for this report support the need for
the following essential considerations for RO/RO operations:

a. Segregation of RO/RO and non-RO/RO cargo is essential to maxi-
mize cargo handling efficiency and minimize required pier
facilities.

b. Ramp and door positions must be designed to allow traffic
flow to alternate routes if any single path is blocked.

c. Minimum angle (usually 5 degrees or less) external access
ramps are required for RO/RO operations, especially for
helicopters with wheeled cradles. The ability to use the
ship's lift fans and/or ballast systems to minimize ramp
angles by compensating for various pier heights and tide
effects is desirable.

d. Clearance between vehicles and between vehicles and ship's
structure must be at least 2 ft. to allow for access and
securing.

e. A minimum outside turning radius of 42 ft. is required for
5 ton cargo trucks.

f. Personnel access must be available to all cargo stowage
areas for fire protection, surveillance, and maintenance.
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6.1.5 Preliminary Time Line Analysis

The purpose of this analysis was to determine the in-port time required
for loading and offloading of military cargo.

6.1.5.1 Approach

The analysis was based on the following assumptions:

a. Ship ballasting and deballasting operations are completed
by the time the load or offload of cargo commences.

b. Vehicles are aligned in proper sequence on pier and no de-
lay will be incurred in loading vehicles onto ramp.

c. All drivers are skilled.

d. Tiedown attachment will not delay loading or offloading.

e. Sufficient personnel are available for securing or unsecuring,
starting, and driving of vehicles to fulfill flow requirements.

f. Shoreside dispersal and staging areas are non-constraining.

g. Ship is secured and all stern or sideport ramps in place at
time zero.

h. Simultaneous loading/offloading of only two rows of RO/RO
cargo when using stern or side port ramps in order to keep
the time estimate very conservative.

i. Simultaneous loading/offloading of cargo areas on all decks
except the 5th to provide a sufficient maneuvering area and
time such that flow is not delayed as long as the initial
vehicle in sequence is assumed to transit the maximum dis-
tance.

j. Cargo stowage is optimal for a predetermined loading/off-
loading method.

k. Average cargo spacing is approximately one vehicle length or
an average of 2j ft. for vehicles and 40 ft. for helicopters.

The total loading time consists of the greater sum of the times required
to maneuver each vehicle in each row into its parking position plus the
time required for the first vehicle to cross the ship ramp position and
be located in its assigned parking area, i.e.,

Load Time =TL = Tt + (T +...+T )2 mn
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Where: T = Traverse time of first vehicle in the se-
quence

Tm  = Maneuvering time from arrival in parking I
location until finally parked.

The total offload time consists of the greater sum of the times required
for each vehicle in each row to maneuver out of its parked position to
join the free stream plus the time required for the last vehicle to
depart the shore ramp, i.e.,

Offload Time = TO - (T + ... + T ) + Tmm tn n
Where: T M - Maneuvering time from parked position to

m free stream.
Tt  = Traverse time of last vehicle in the row

n from parked position to shore.

6.1.5.2 Analysis

Estimated transit time for the first vehicle in each sequence was based
on the distance required to park or unpark the vehicle. This estimate
included the outside turning radius of the vehicle and free stream
direction. Traverse times were established upon an average vehicle
speed of 1 1/2 MPH and a helicopter towing speed of 1/2 MPH, assuming
the use of all stern or side port access ramps. Sample calculations of
the time line analyses are provided in Appendix B.

6.1.5.3 Results

Results of the preliminary time line analyses are shown below for the
Airborne and the Armored Division arrangements.

FRACTION
OF DIVISION PAYLOAD LOAD OFF LOAD

CARGO TYPE PER SHIP WEIGHT TIME (HRS.) TIME (HRS.)

Airborne Division 1/2 2966 LT 9.2 11.9
Armored Division 1/5 6263 LT 5.3 5.5

Stern ramps were used for cargo loading, and side ramps were used for
cargo offloading. If only one side ramp were available, cargo offload-
ing would be performed through the side ramp near the bow. Use of only
one side ramp results in the following offload times: 18.3 hours for
half an Airborne Division; and 7.4 hours for 1/5 of an Armored Division.
If all stern and side ramps were used and 10 lanes of traffic established,
the load and offload times for half an Airborne Division would be less
than 3.5 hours.

6.1.6 Summary of Payload Interface Trade Study

Results of the payload interface analysis provide the initial selection
of cargo stowage arrangements, access and handling systems and prelimi-
nary time lines. The selection of the RO/RO loading and offloading
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concept was the primary factor in determining most aspects of the cargo
access and handling system. The MPS with a removable 3rd deck is the
optimum design for transport of the Airborne Division in two shiploads.
Increasing the payload capability to 6,263 LT is optimal for transport
of the Armored Division in five shiploads. The MPS also has the cap-
ability to transport 413 40-foot containers or 563 20-foot fully loaded
containers.

6.2 LOGISTICS CONSIDERATIONS

This task consisted of development of typical ship operating profiles
and discussion of peculiar logistics-related requirements and required
support activities.

6.2.1 Operating Profiles

Typical operating profiles were developed for the scenario in which the
MPS is called upon to deliver various types and quantities of Airborne
Division, Armored Division, and containerized cargo during a 30-day
mobilization mission. The nominal range of the MPS was selected as
3,900 nm. Payload weights and MPS speeds were varied to optimize the
number of ship deliveries during the mission duration. The time to
complete one round trip included the following events: fuel and tie up
at dock, load cargo, ocean transit, refuel at sea for some cases, tie up
at dock, offload cargo, refuel at dock, and return trip with no cargo.
The average speed on the return trip with no payload is 68 knots.
irationale for these oreratin arofi]es is provided in Appendix C.

Table 6-ix provides several operating profiles for a 30-day mobilization
mission. Cases I and 2 represent the maximum quantity of payload that
can be delivered in 5 trips over a 3,900 run range in 30 days. Average
speeds of 47 kt or greaiter in cases I and 2 are derived from Figure 2-2.
These speeds allow rayiJ del ivories of the payload in 4 days per trip.
By refueling at-sea, 1.000 LT of additional payload can be delivered at
a slightly higher speed.

Cases 3 and 4 represent the maximum quantity of payload that can be
delivered in 4 trips over a 3,900 nm range in 30 days. Average speeds
of 33 kt or greatr versus A1 kt for cases I and 2 are traded off
against larger quantiti?s o:- payload delivered, i.e., 26,400 LT for
case 4 versus 18,500 LY for case 2. Additional payload of 2,400 LT can
be carried in 30 days by refueling at-sea.

Several examples of the different types and quantities of cargo that can
be delivered by the MPS are shown in Tables 6-x through 6-xii. The MPS
can deliver 32 Armored Divisions, consisting of 10,240 tanks, 86,400

vehicles, 2,240 helicopters, and 53,856 LT of combat support equipment,
ammunition and fuel with 40 ships during a 30-day mission as shown by
Table 6-x. Using 20 ships for cargo delivery in 30 days, the MPS can
deliver 40 Airborne Divisions, consisting of 72,480 vehicles, 8,560
helicopters and 290,720 LT of combat support equipment, amunition, and
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fuel as shown in Table 6-xi. The versatility of the MPS is shown in
Table 6-xii which demonstrates the MPS capability to deliver 40-foot or
20-foot containers.

OPERATING PROFILES FOR 30-DAY MISSION

CASE 1 CASE 2 CASE 3 CASE 4

3,500 LT 3,700 LT 6,000 LT 6,600 LT
Payload Payload Payload Payload

EVENT No At-Sea At-Sea No At-Sea At-Sea

Refuel Refuel Refuel Refuel

Fuel & Dock Tie Up (Hrs) 5 5 5 5
Load Cargo (Hrs) 3.1 3.3 5.2 5.5
Ocean Transit (Hrs) 82.1 78.8 116.4 113.0
Refuel At Sea (Hrs) - 3 - 3
Dock Tie Up (Hrs) 2 2 2 2
Offload Cargo (Hrs) 3.1 3.3 5.4 5.7
Refuel At Dock (Hrs) 3 3 3 3
Return (No Cargo) (Hrs) 57.4 57.4 57.4 57.4

1st Round Trip (Hrs) 155.7 155.8 194.4 194.6
2nd Round Trip (Hrs) 155.7 155.8 194.4 194.6
3rd Round Trip (Hrs) 155.7 155.8 194.4 194.6
4th Round Trip (Hrs) 155,7 155.8 134.0* 134.2*
5th Round Trip (Hrs) 95,3* 95.4* - -

Total Delivery (Hrs) 718.1 718.6 717.2 718.0
Total Delivery (Days) 29.9 29.9 29.9 29.9

Contingency (Days) 0.1 0.1 0.1 0.1
1st Delivery (Days) 4.0 4.0 5.6 5.6
1st Round Trip (Days) 6.5 6.5 8.1 8.1
Total Delivered Payload LT 17,500 18,500 24,000 26,400
Average Speed Out (kt) 47.5 49.5 33.5 34.5

* one-way trip only, no return trip

TABLE 6-ix

6.2.2 Logistics and Support Concepts

Peculiar logistics-related requirements and required support activities
for the MPS are discussed in the Maintenance and Support Concept and
Reliability and Availability Concept section.

6.2.2.1 Maintenance and Support Concept

The ship system design incorporates provisions which maximize equipment
utilization and mir.imize requirements for at-sea maintenance. The

Ib6-26



maintenance concept for meeting the objectives and availability goal of

the MPS is to perform operational and corrective maintenance on critical
equipments aboard, and defer or schedule all non-essential equipments
and components maintenance for in-port availabilities.

DELIVERY OF ARMORED DIVISION EQUIPMENT DURING A 30 DAY PERIOD

TOTAL COMBAT
DELIV- DELIVERED DIVI- VEHI- HELI- SUPPORT
ERIES PAYLOAD LT SIONS TANKS CLES COPTERS LT

Ist Delivery 1 6,600 0.2 64 540 14 337

I Ship Delivers 4 26,400 0.8 256 2,160 56 1,346

10 Ships Deliver 40 264,000 8 2,560 21,600 560 13,464

20 Ships Deliver 80 528,000 16 5,120 43,200 1,120 26,928

30 Ships Deliver 120 792,000 24 7,680 64,800 1,680 40,392

40 Ships Deliver 160 1,056,000 32 10,240 86,400 2,240 53,856

TABLE 6-x

DELIVERY OF AIRBORNE DIVISION EQUIPMENT DURING A 30 DAY PERIOD

TOTAL COMBAT
DELIV- DELIVERED DIVI- VEHI- HELI- SUPPORT

ERIES PAYLOAD LT SIONS CLES COPTERS LT

1st Delivery 1 6,600 0.5 906 107 3,634

1 Ship Delivers 4 26,400 2 3,624 428 14,536

10 Ships Deliver 40 264,000 20 36,240 4,280 145,360

20 Ships Deliver 80 528,000 40 72,480 8,560 290,720

30 Ships Deliver 120 792,000 60 108,720 12,840 436,080

40 Ships Deliver 160 1,056,000 80 144,960 17,120 581,440

TABLE 6-xi
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DELIVERY OF CONTAINERIZED CARGO DURING A 30 DAY PERIOD

40-FOOT 20-FOOT
CONTAINERS OR CONTAINERS

QUANTITY WEIGHT LT QUANTITY WEIGHT LT

1st Delivery 440 6,600 600 6,600

1 Ship Delivers 1,760 26,400 2,400 26,400

10 Ships Deliver 17,600 264,000 24,000 264,000

20 Ships Deliver 35,200 528,000 48,000 528,000

30 Ships Deliver 52,800 792,000 72,000 792,000

40 Ships Deliver 70,400 1,056,000 96,000 1,056,000

TABLE 6-xii

For design purposes, particular emphasis will be given to: (1) maximum
use of existing equipment items to permit use of standard maintenance
procedures and supply support; (2) use of performance and condition
monitoring for detecting incipient failures for critical equipment; and
(3) provisions for equipment accessibility to support a component and
module replacement strategy. The replacement strategy includes sched-
uled replacement, replacement on condition, and replacement at failure
depending on the subsystem and equipment criticalities.

Ship systems will be designed for maximum redundancy and to permit
incremental overhaul of subsystems, subsystem accessories and related
auxiliaries. Major maintenance actions will be accomplished by ashore
contractor maintenance activities during periodic upkeep and maintenance
availabilities in accordance with ship utilization schedules. These
contractor maintenance activities will perform all conditional, pre-
ventive, and corrective maintenance beyond the capability of ship per-
sonnel.

Built-in test equipment will provide continuous and periodic monitoring
of critical functions and equipments, such as ship electronics and
machinery systems. Special purpose tools and test equipment as well as
standard tools will be provided as ship's tool items.

No additional personnel will be assigned for the sole purpose of per-
forming maintenance. Operational maintenance performed by the crew will
be in accordance with ship systems operational maintenance requirements.

Condition monitoring equipment will be installed in mission-essential
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svstems. Corrective raintenance actions will be performed to maintain
equipment in an operational state and be accomplished through replace-
ment of defective or degracde .-;ubassemblies within equipments or through
replacement of the equipments themselves. Arrangement design will
ensure adequate accessibility to equipments for maintenance without
necessitating secondary structure rip-out or equipment removal.

iec,,uiar overhauis ire to bc :-i:ized by intensive use of upkeep periods
as maintenance availability pcr-ods. The MPS will employ the concept of

progressive equipment overhaul, replacement, and alteration during
relatively frequent maintenance availability periods of short duration.

Dry-docking will be accomplished, primarily for major emergency repairs
and ship alterations. The ship system will be designed to be capable of
incremental overhaul of its subsystems and subsystem accessories and
related auxiliaries. Operational usage and scheduled replacement will

be consistent with the major item replacement schedule. Equipment
removal routes will be established for transverse and vertical movements
of large equipments, such as propulsion and lift engines in order to

preclude structural rip-outs and removal of other equipments.

Employment of a replace-berore-failure maintenance strategy in conjunc-
tion with a minimum manning philosophy requires that a significant
number of equipments be removed for rotatable pool replacement and
offship repair/refurbishment. The manning concept is discussed in
Section 5.1 of this report.

A.z.2.2 !.el ni i 1 'd 'i ,-i[ It li t,, Concept

MPS reliabilitv and availability will be high because the maintenance
anl support concept minimizes the requirements for at-sea maintenance.

2'paira'te i s; are sonL ;ishore to intermediate or depot level repair

jacitities us ug the L tat idle pool concept. Replacement parts will be
cirri.d oa-boari t,, as-urc- t at critical equipments are maintained on-
.ine, cr that e2quipments nre r-dundant to assure continuous operation by

pl;ac Lg baci--up equipment rn-line. Automatic monitoring systems will be
used to indicate equipment malfunction in order to minimize the use of
watch station personnel.

,stmC r~luiring,, high. eiai.ity and availability include:

a. Propulsion Turbines aiid Transmission - include redundant lub-
rication system.

h. Electric Plant - includes highly reliable diesels, proven
components, multiple switchboards.

C. Command and Surveillance - include redundant modules, plug-in

replacements.

d. Lift System - either bank of fans can provide adequate per-

formance over most on-cushion operations. Transmission is

simp'le, in-line shaft type.
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e. Seals - Seal fingers are capable of repair without drydocking.
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7. CON', fUS I ONS

o The analysis which supports this report used well-established ship design
techniques and is fully surpnrted b, years of analysis, model tests, full-scale
craft tests, sv-;tem test.-, :i, .1! -r modelling. It was purposely conservative
to ensure a substantive a:-r, , ii n haiis for the predicted performance.

o The analysis also establisIhes conclusively the fuel-efficient nature of the
SES hull, and the impressive performance that can be derived by applying common
design and ship-building techniques.

o The ,'PS hull and structure i-, hichiy amenable to automated fabrication
techniques and the ship could b built: economically with current production-run
hardware and systems, and within the same planning/building cycle normally
associated with conventional ship programs.

o The design approach which used 100 buoyant sidehulls with a high wet deck

proved to be a significant step f rward in simplifying many aspects of SES
design. The drag penalty was low, hull loading (and the attendant design/con-
struction complications) diminished substantially and economical off-cushion
operations emerged as a practical and significant capability.

o The use of lightweight fuel-efficient diesels for lift and propulsion was
found to offer a number of important advantages.

o lie capablility to build the .I'S in the U.S. Shipbuilding Industry exists
today.
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8. APPENDICES

Section 8 contains three appendices. Appendix A provides a comparison
of the IPS with other cargo ships. Appendix B contains preliminary and
sample calculations of cargo loading/offloading times, and helicopter

towing limitations. Appendix C, discusses the operating profile ration-

ale for the MPS.
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APPENDIX A
COMPARISON OF MPS WITH OTHER CARGO SHIPS

The following discussion summarizes the features of an MPS along with
other cargo ships.

A.1 PRINCIPAL CHARACTERISTICS

Three ships were selected for comparison to the MPS. One, the SL-7, is
already in operation and specializes in container cargoes. To this end,
it was compared to the MPS only in this mode. Two other ships, the PD-
214 (MA-134) and T-AKX (JUMBO PD-214), were also used for comparison
because, like the MPS, they can carry RO/RO, or container cargo. Prin-
cipal characteristics are listed in Table A-i.

A.2 CARGO

Figure A-I represents the plan form of an ITPS and that of a conventional
cargo ship. Conventional ships, of necessity must taper the cargo load
fore and aft of the center body because the hull tapers down for hydro-
dynamic reasons. Thus, the ability of a ship to carry cargo is com-
promised. Furthermore, cargo compartments are disrupted by the machin-
ery spaces in the lower decks, and by the pilot house and living spaces
in the upper decks. The M'S, on the other hand, is so arranged that the
cargo decks run the full length and width of the ship. Machinery spaces
are located beneath the lowest cargo deck (in fact, additional cargo
space can be made available in the machinery flat). The pilot house and
the living spaces are completely above the main deck. Hatched areas in
Figure A-i indicate the space available for cargo on the MPS, but not
available for cargo on conventional ships.

Two basic payload types were selected in order to compare the cargo
carrying efficiency of the ships under analysis, container and RO/RO.
Calculations are summarized in Tables A-ii and A-iii.

The SL-7 which is designed to carry containers has a load efficiency
(payload-to-FLD) of 0.29, while the MPS load efficiency is 0.56 as shown
in Table A-ii. This interesting parameter indicates that 56% of the MPS
FLD is assigned to cargo while 35% is assigned on the PD-214 and the T-
AKX, and 29% on the SL-7. Transport efficiency ((cargo weight x speed)
/run travelled) favors the SL-7 for two reasons: First, its large cargo
capacity relative to any of the other ships, and second, because it can
maintain 33 knots.

Transport efficiency increases with payload size for RO/RO cargo as
shown in Table A-iii. PD-214 carrying the same loads as assigned to the
MPS but limited to 1/5 airborne, or 1/9 armored, because the size of the
available cargo area is limited, has been included for comparison.

I



PRINCIPAL CILARACTERISTICS OF CARGO SHIPS

CHARACTERISTICS MfPS PD-214 T-AKX SL-7

Length Overall, ft 686 609 719 946.1

.ennth Between Perpendiculars, ft 686 560 670 880.5

Beam, ft 105 97 97 105.5

Depth, ft 75 61.5 61.5 64.0
(Forward)

68.5
(Aft)

Draft (Design), ft 30.4 30 30 30

Displacement (Maximum), LT 15,000 28,870 37,830 51,815

ihtshlip Weight, LT 5,388 12,320 14,520 22,915

Total Deadweight, LT 9,612 16,550 23,310 27,144 I
Total Payload, LT 6,200 13,750 19,860 15,000***

->aFt Horsepower 120,000 22,500 22,500 120,000

Speed Maximum, knots (30-ft draft) 68* 20 20 33

Pange, nm, at maximum speed 3,900** 11,100 11,900 6,000

(ross Tonnage 28,800 15,900 19,640 41,127

Maximum speed, no payload. Speed varies with payload. Minimum on-cushion
speed is 34 knots at maximum payload.

" ff-cushion, operating with two SACM diesels, range is 15,000 rnm at 15
knot.o and 9,00 LT payload.

*** 1,000 - 40 ft containers. Payload is 22,000 LT with 2,000 - 20 ft
containers.

2

TABLE A-i
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A.3 SPEED

Additional data have been included in Tables A-ii and A-iii to account
for speed, transit time, and load/unload times. These data have been
plotted in Figures A-2 and A-3, for container and for RO/RO cargo re-
spectively, for a 30 day mission and 3,900 nm transit. Figure A-2
indicates the advantage of speed. For containerized cargo, the SL-7 is
superior; again because it was designed for that purpose. Its speed is
comparable to that of the MPS but it carries over twice the payload.
Figure A-3 shows the RO/RO cargo delivery capacities of the MPS, the PD-
214, and the T-AKX. The latter carrying airborne and armored cargoes,
as with the MPS. Also depicted is the military cargo that is defined in
the PD-214 report (PD-214 Multi-Purpose Mobilization Ship, MARAD, Novem-
ber 1978). As shown in Figure A-3, the MPS will make four trips in the
time the PD-214, or the T-AKX can make two.
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APPENDIX B

CARGO LOADING/OFF-LOADING SYSTEM PRELIMINARY ANALYSIS

B.1 ASSUMPTIONS

o Ship moored at pier (or in position) for load/off-load.

o Adequate pier space and staging area to facilitate all types
of off-loading.

o Sufficient water for ballasting to maximum depth.

o Sufficient skilled drivers and helicopter towing equipment to
preclude delays if RO/RO utilized.

o Sufficient personnel to secure/unsecure helicopters, direct all
traffic and manually place non-self propelled vehicles if neces-
sary, i.e., internal cargo handling system does not limit load/
off-load evolutions.

o No accidents or mechanical difficulties during load/off-load.

o Shipboard cargo is defined as for preliminary time line calcu-

lations one-half an airborne division.

B.2 RO/RO (Ramps)

If the following additional assumptions are made:

o upper deck internal handling and stowage systems allow unlimited
flow of a single traffic line,

o the optimum pier conditions allow stern/side load/off-load,

o operational procedures allow simultaneous loading of aircraft

and vehicles, and

o the length of the access ramp is 30 ft;

then the maximum loading time is the greater of the summation of the
off-load times for each traffic line. This can be represented by

tij
i=l,m

j=l,n

where "t" represents the time increment, "i" represents the vehicle
type, and "j" represents a particular vehicle.
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If the helicopters travel at one-half mph (44 ft/min) and maintain a 50-
root clearance at the top and the bottom of the ramp at all times, and
only one helicopter on the ramp, then the load/off-load equals:

thelo =

48+93+74 lo
j=!, 2j=I, 107.5

S distance 50+30+50 _ 130
speed 44 4 (107.5) = 318 min (5.3 hours)

j=1,107.5 j=1,107.5

Y '[V: This requires a sufficient number of properly designed tow bars
:17d drivers to make transit to staging area, return transit to ship,
,!ccess via another ramp, connect to helicopter and transit to off-load
position without delaying off-load and vice versa for loading opera-
t ions.

If wheeled vehicles travel at 3 mph (264 ft/min) and maintain one ve-
kiclu's length clearance, then vehicle load/off-load time equals (ig-
noring time of first vehicle down the ramp):

t t + e :t

+5 ton +  -1/2 ton +: tl-1 /4 ton + :E

J=],22 j=1,135 j=1,347 j=1,400 j=1,1.5
I (22(26.6X2) + 135(23.2X2) + 347(19.3X2) + 400(IIX2) + 1.5(16X2))

1 (1,170 + 6,264 + 13,39, + 8,800 + 48) -29,676 = 112 min (1.9 hours)
- 4 264

1: Ll-( vehlc'e5 maintaina AiCJFnflC of 50 ft at the top or bottom of
i ramp at all times an( only, one vehicle is allowed on the ramp at a
i :t: then the vthic]i, load/off-load time becomes:

(22 + 135 + 347 + 400 + 1.5) 274 min (4.6 hours).

. O/RO (Deck Edge .lev-tors)

.,-uring deck edge elevators can he synchronized to the level of the
pier, then the off-load times could be similar to the RO/RO with ramps.
However, an elevator can normally only deliver one helicopter at a time.
.\;suming that optimistically it takes 10 minutes to load/unload the
clevator and to position it on the pier, off-load time would be time to
.:ct to oif-load position plus the 30 ft rjp transit time: No. of
helicopters (t + t ) = 107.5 ( + 10) = 1,148 min (19.1
hours). ramp position 0

Use of two elevators for helicopters could reduce the time to 9.5 hours,
but at least one additional elevator or RO/RO ramp would be required to
off-load vehicles. Consequently, even if six elevators were installed
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(three on each side; two for helicopters and one for vehicles), the off-

load time would be a minimum of 9.5 hours.

B.4 LO/LO

Assuming sufficient deck edge platforms or elevators are available to
support the maximum number of cranes and that cranes and ships are
readily available, then the off-load would only be limited by number of
cranes that could safely operate in approximately 600 ft (the absolute
maximum would be one crane every 100 ft if the main deck is all usable
for load/off-load operations). Load/off-load time for only helicopters
using one crane is estimated as follow:

Attack helo 24 @ 3/hr 8 hrs
Utility helo 46.5 @ 3/hr 15.5 hrs
Observation helo 37 @ 4/hr 9.3 hrs

107.5 32.8 hrs

Assuming an average of 6 vehicles per hour could be loaded/off-loaded by
a single crane, then the time required would equal:

905.5 15.hs;hu,3.+109
1/6 (22 + 135 + 347 + 400 + 1.5) 6 150.9 hrs; thus, 32.8 + 150.9

= 183.7 hours of crane operations are required and if six cranes were
utilized, load/off-load operations would require 30.6 hours.

B.5 FO/FO

This load/off-load operation was considered, but with high transit ship
speeds fly-off preparation would have to be done in port or inside the
ship and then the helicopter moved to a designated fly away location.
Both concepts have too high a time penalty, and the latter concept would
decrease cargo stowage area. Consequently, the FO/FO is not really a
viable alternative.

B.6 HELICOPTER TOWING LIMITATIONS

B.6.1 Ramp Design Criteria

Utilizing an assumed ground clearance of six inches and scaled dimen-
sions from sketches of the attack, utility and observation helicopters
in United States Army Aviation Planning Manual FM 101-20, the limiting0 0
knuckle angle calculated was 6.7 , 6.3 and 7.0 , respectively. Conse-
quently, maximum helicopter ramp angle was set at 50, with 40 being the
preferred maximum angle.

The length of the access ramps was based on the following data with the
ship off cushion:
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UNBALLASTED MNX !IM BALLAST
Displacement Draft Displacement Draft

SHIP CONDITIONS (LT) (FT) (LT) (FT)

Initial Displacement 10,000 20.5 18,000 28.2
Less Fuel 8,507 18.8 16,507 26.9
1Lcss Plvload (,,700 16.6 14,700 25.2

Less Fuel and Payload 5,207 14.6 13,207 22.8

For the worst case, a pier height of 8 ft above the water at high tide
is assumed. Consequently, in the no fuel, no payload situation, the
ship must be ballasted from 14.6 ft to 22.8 ft to decrease the pier to
egress deck (33 ft level) differential to 2.2 ft, resulting in ramp
lengths of 25.2 ft and 31.5 ft and 50 and 40 ramp angles, respectively.
If tides are extremely high or pier heights are low, the hel4.copters can
be off-loaded first, the ship refueled or a tide change awaited. Low
tides should not be a problem since the ship can be deballasted (8.2 ft
draft reduction) and/or the lift system utilized (approximately a 12 ft
draft reduction), providing a total compensation of over 20 ft.

B.6.2 FIFTH DECK CLEARANCE

Utilizing the utility helicopter characteristics from FM 101-20 (United
States Army Aviation Planning Manual) and scaling off the pivot point

: It,ii ,.i, iick clearance was obraineoc as

,-rk ,]earance tail height + tail elevation (due to 5 0

atic>.
- ) + :round clearance of the he]icopter

+ 11',11'm(' ;.twoen helicopter and overhead
= 1 .2' + 2. 3' + 0.5' + 1.0' = 14.0 ft.

... r. prier t, rec!u'inn 175' deck clearance initially established, the
-o.iewinn:, three assumptions should be physically verified:

1) Helicopter c round clearance
2) Minimum acceptabhc orcr.itior i height clearance

_,AMPLE CAI.LCUL.ATIONS OF TIME LINE A.NALYSES

]'.7. 1 UNIT TRANSIT AND ACCELERATION/DECELERATION TIMES

d
1. Transit Time: t = -- distance, d and speed, v

V
41) ft _ 40 ft

Hell opter: t = 4 h0 t 4 ft/mm 0.9 min

20 ft 20 ftOther Vehicles: t -
= 1 1/2 mph - 132 ft/min 0.15 mn

2. Acceleration/Deceleration Times: Assuming constant accel-
eration and 20 ft is needed for all cargo to accelerate or decelerate
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from transit speed from a stop or to a stop, then: a = acceleration :
v/t
dvt- 1/2 at 2 vt2 )  v

d v - = v t- 1/2-(t 2 t (v - 1/2 v)
0 0 t 0

d 20
v - 1/2 v v - L/2 v

_ 20 20
Helicopter: t - 44 (1/2) = 0.9 min; Other vehicles: t = 13201/2) = 0.3 min44 (1/2)132(1/2)

B.7.2 AIRBORNE DIVISION STERN LOADING TIME

Assume all vehicles on the fifth deck are helicopters for time calcula-
tions, 0.5 minute is required to disconnect tow bar and to clear the
area for the next helicopter to park, and a 5 minute delay is incurred
for the first manually parked helicopter and 3 minutes for each addi-
tional manually parked helicopter. "Manually parked" means pushed by a
crew of approximately five people or winched in place by a placement/
tiedown crew of approximately three people utilizing a portable elec-
trically powered come-along and hydraulic dolly.

1. Row 1 Sequence:

o Load fifth deck (tank deck) center space "C" to after
ramps.

o Lower after hinged ramp (10 min, est.)
o Load decks above fifth deck.
o Load aft section of fifth deck center space.

2. Row 2 Sequence:

o Load fifth deck helicopters in spaces A, B, D, & E.
o Assume sequence of A, B, D, & E for calculations.

3. Row 1 Stern Loading Time Calculation:
S634

TL TT,,CFWD= Tt + Z Tm =--+ 14 (0.9 + 0.9 + 0.5) +
TTCFW 1  m 44 transit stop

4(O.15transit + 0.3 stop) = 14.4 + 32.2 + 1.8 = 48.4 min

TLlower ramp 10 min (est.)

tTL1 +....mi = 889 + (224 + 385 + 275) 0.45 = 6.7 +
T~aboe decs: Tt Tmi 132

397.8 = 404.5 min.

TITT"C" Pft T tl +: Tmi = 5 + 7 (3)* = 26 min

* These helicopters require manual placement and this estimate is based

on 5 minutes for the first helicopter and an average of 3 minutes per

helicopter for the last 7.
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TL Row ITL + TL + TL + TLTT"C"FWD + lower ramp above decks TT"C"aft

48.4 + 10.0 + 404.5 + 26.0 = 499 min or 8.3 hr

4. Row 2 Stern Loading Time Calculation:

T T 634
TLTT,,A, , = t I + m. = -4 + 19(2.3) + 5 + 3 + 7(0.45) =

14.4 + 43.7 + 5 + 3 + 3.2 = 69.3 min
TLTT"B" = tI + mi = 4 + 22(2.3) + 0.45 = 14.4 + 50.6 + 0.45 -

65.5 min

TLTTID, = TLTT,,B, = 65.5 min
=TD T"1

TLTTE , = TLTA = 69.3 min

TLRow 2 = TLTT"A"t + TLTT"B" + TLTT"D"f + TLTT"E" = 69.3 + 65.5 + 65.5 +

69.3 = 269.6 min or 4.5 hr

5. Stern Loading Time:

TL =TL -4TL + TL =30 min (est.) +
Stern Rig stern ramps Row I Stow ramps

499 + 20 = 549 min or 9.2 hr
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APPENDIX C
OPERATING PROFILE RATIONALE FOR MPS

MPS nominal range is 3,900 nautical miles. Nominal speed varies ac-
cording to the payload and fuel weights. During the return trip, the
nominal speed is 68 knots with no cargo.

The scenario assumes that refueling would not be done during loading and
off-loading cargo because of risk to cargo and ship in the event of
accident or act of war. Fuel piers are usually located at sites sepa-
rate from embarkation piers. Ship fuel at the port of debarkation was
assumed to be available during the period of mobilization.

The following estimates were used for the duration period of inport
fueling:

Gallons (90% of 500,000) : 450,000
Transfer Capacity (gal/hr) : 225,000
Duration of pumping (hrs) :2

Anotlier three hours are estimated for berth shifts, hook up and discon-
nect of fuel lines and tie-up at the dock for loading cargo. Total
fueling and dock tie up time is estimated to be about five hours at the
port of debarkation. At the port of embarkation, dock tie up time is
estimated to be two hours and another three hours for refueling.

Loading and off-loading times reflect loading and off-loading through
the stern ports and side ports as discussed in Section 6.1.5 of this
report.

Refueling at sea was assumed to be performed when the ship was at 50%
capacity or less. The pumping capacity would be 125,000 gallons per
hour or greater. The pumping duration was estimated at about two hours
with an additional hour allocated for rendezvous, approach, connect and
disconnect. Nominal refueling at sea was estimated at about three
hours.

Performance of corrective and preventive maintenance of mission critical
and essential equipments after the end of each round trip will be made
during loading. This should minimize maintenance efforts during the
underway operational periods.
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APPENDIX D

WIND AND SEA SCALE FOR FULLY ARISEN SEA
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