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FOREWORD 

The work described in this report was performed for the Office of Naval Research (ONR). Technical 
direction was provided by the Carderock Division of the Naval Surface Warfare Center (CDNSWC). The 
respective technical points of contact were: 

Mr. James Gagorik, ONR Code 4524 
Mr. Owen Ritter, CDNSWC Code 22. 



EXECUTIVE SUMMARY 

The High Tech Ship (HTS) project was started in 1992 at CDNSWC, under ONR sponsorship, to develop the design 
of a futuristic ship. This ship was intended to “showcase” emerging technologies and, in keeping with the current Navy 
doctrine “From The Sea,” it was to be an affordable corvette-sized vessel capable of quick response to crisis situations 
in remote areas of the world. The overall objective of the study was to provide inputs for the development of a 
Technology Investment Strategy for Hull, Machinery and Electrical (HM&E) systems, to satisfy the future needs of naval 
surface combatants, with a focus on: 

a. Improvements in affordability by satisfying required force capability with innovative and 
collective/synergistic application of emerging technologies, and 

b. Avoidance of technological surprise by keeping ahead of developing threats with emphasis on 
improved covertness, operational effectiveness and survivability. 

The HIS is a 2100-ton shallow-draft combatant dedicated to littoral surface warfare missions that is expected to face 
a threat from mainly third-world/developing countries. The HTS is designed to deploy up to 3000 nm in less than four 
days, monitor the situation for up to ten days without support and deliver destroyer-level fire power. The HTS is not 
intended to replace larger combatants, but instead to provide a complementary capability at a more reasonable cost 
by exploiting the following emerging technologies: 

. STEALTH FEATURES having a low visual profile, low RCS clean top sides with conformal weapons and 
enclosed/embedded sensors and corn system; fuel-cell power plants with a ten-fold reduction in IR signatures 
from low exhaust flow and temperature, quiet operation with no combustion, few moving parts, and low-noise 
waterjet propulsors; composite low-magnetic hull and advanced automatic EM frequency management and 
active signature monitoring and control. 

. REDUCED MANNING concepts with advanced damage-control, fire-control and maintenance concepts, 
including CBR citadel defense, fully-integrated intelligent monitoring and control of ship’s systems, automation 
and artificial intelligence/neural networks with data link to shore-based resources for administration support 
and global C31. 

. LOW POLLUTION from non-toxic power plant exhaust, cleaner power plant with few moving parts, reduced 
waste from reduced crew size and on-board advanced waste management systems. 

. COMBAT HARDNESS using zonal architecture for power generation offering quick reconfigurability, with 
advanced distributed auxiliaries, all dc power grid, advanced armor protection, damage tolerant structures, 
survivable communications and survivable ship’s sensors. 

. HIGH FIRE POWER with thermal-electric gun, terminally guided ordnance-600 rounds with 60 nm range plus 
six RPVs with hangar and flight deck for OTH targeting/surveillance, eight ASUW-VLS missiles, 16 AAW-VLS 
missiles, triple torpedo tube, electro-thermal CIWS and multi-purpose weapon systems; real-time 3-D dynamic 
fire control and high-power electronic countermeasures, 

. ADVANCED PROPULSION featuring a distributed all fuel-cell electric propulsion/ship-service plant, capable 
of providing pulse power for electric guns, offering at least a 15% fuel savings with permanent magnetic 
waterjet propulsors providing shallow draft operation. 

. ADVANCED SEAKEEPING HULLFORM having high length-to-beam roll stabilized slender form and wave- 
piercing bow for improved high-speed performance in high sea states. 

. MODULAR HULL AND SUPERSTRUCTURE of advanced lightweight composite construction to provide 
flexibility for the installation of payloads for multi-mission options, lower fabrication cost and easier 
maintenance. 

. AFFORDABLE at one-third the cost of a destroyer, primarily because of its relatively small size and ship’s 
complement. 

. INCREASED AREA OF OPERATlON afforded by shallow draft hull and flush-inlet waterjet propulsion 
providing enhanced tactical flexibility for operation in coastal waters. 
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DISPLACEMENT 

LENGTH OVERALL 

MAXIMUM SPEED 

2100 LT 

440 FT 

40 KTS 

RANGE @ 20 KNOTS = 13000 NM 

INSTALLED POWER - 
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1 .o INTRODUCTION-BACKGROUND 

The High Tech Ship (HTS) project was started in 1992 at CDNSWC, under ONR sponsorship, to develop 
the design of a futuristic ship. This ship was intended to “showcase” emerging technologies and, in 
keeping with the current Navy doctrine “From The Sea, ” it was to be an affordable corvette-sized vessel 
capable of quick response to crisis situations in remote areas of the world. The overall objective of the 
study was to provide inputs for the development of an HM&E Technology Investment Strategy, Figure l-l, 
to satisfy the future needs of naval surface combatants, with a focus on: 

a. Improvements in affordability by satisfying required force capability with innovative and 
collective/synergistic application of emerging technologies and 

b. Avoidance of technological surprise by keeping ahead of developing threats with emphasis 
on improved covertness, operational effectiveness and survivability. 

/IDENTIFY TECHNOLOGIES 
10 SURFACE SHIP TECHNOLOGY 

EVALUATE NEW/ALTERNATIVE 
TECHNOLOGIES 

Figure l-l. HTS Study Plan 

The HTS is a small combatant dedicated to surface warfare missions and is expected to face a threat from 
mainly third-world/developing countries. The HTS is not intended to replace larger combatants, but instead, 
to provide a complementary capability at a more reasonable cost. 

A state-of-the-art conventional corvette, designated the Corvette 2100 Baseline, was designed first to 
represent a reference for comparison. As such, this conventional ship was designed to meet speed and 

range requirements that are consistent with the current state-of-the-art and, therefore, less demanding than 
those specified for the HTS. The Corvette 2100 Baseline, reported in Referenced 1, uses current 

technology and hardware. 



An advanced-technology, monohull corvette, designated the High Tech Ship (Monohull), was designed to 
meet the more demanding requirements given in Appendix A. The design of the ship is described in this 
report. The High Tech Monohull incorporates the most promising emerging HM&E technologies currently 
under development, including those in the ONT 6.2 Surface Ship Technology Program, as reviewed in 
Reference 2. 

2.0 PRINCIPLES AND RATIONALE FOR THE DESIGN OF THE HIGH TECH SHIP 

2.1 Preselected Technologies 

A review of the emerging technologies developed, in particular, under the 6.2 Block program was 
conducted prior to the design effort reported herein. This technology review was documented in Reference 
2 and provided a preselection of the most promising technologies to be used in the design of the HIGH 
TECH SHIP. The selected technologies are listed in Table 2-1. 

A hullform selection analysis was also conducted and reported in Reference 3. From this it was concluded 
that SES and Monohull versions should be pursued further. This report describes the Monohull version. 
An SES variant is also to be assessed. 

2.2 Design Methodoloqv 

A common procedure was used to design the HTS and the CORVETTE BASELINE. This procedure was 
checked against actual conventional designs as was reported in Reference 1 with a correlation usually 
within 5% of the actual values for the main characteristics such as displacement and power. However, 
some specific routines and/or corrections were applied to accurately represent the specific technology and 
design features of the HIGH TECH SHIP. In particular, the following subsystems were modeled for that 
purpose: 

. Fuel Cell Power Plant 
. Waterjet Propulsion 
. Composite Structures (Hull and Superstructures) 
. Homopolar/Superconducting Motors. 

Other aspects such as high length-to-beam ratio hullform and reduced manning were investigated 
parametrically. 

A number of emerging technologies were also accounted for by adjusting the standard weights of some 
subsystems. In particular, it was assumed that the following goals would be met by combining the use of 
such techniques as automation, artificial intelligence, neural networks, fiber optics, distributed auxiliaries, 
integrated electric distribution, electronic switches, etc. (see list of technologies retained for the HIGH TECH 
SHIP - Section 2.1): 

. 70% reduction of manning requirements. The HIGH TECH SHIP was assumed to require 
only 30 crew members versus 100 for the CORVETTE BASELINE 

. 20% weight reduction for Electric Power Distribution (SWBS 320 and 330) 

. 20% weight reduction for auxiliaries (SWBS 500) 

. 20% weight reduction for outfitting (SWBS 600). 

Those weight reduction goals were factored into the design of the HIGH TECH SHIP and are considered 
as “targets” to be achieved by technological innovations such as those listed above. 
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Table 2-1 

List of Selected Technologies 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

Hullform 

Slender Hull Monohull 
Surface Effect Ship (SES) 

Stealth Techniques 

Topside Shaping 
Acoustic Signature (Fuel Cells, Waterjets) 
IR Signature (Fuel Cells) 
Magnetic Signature (GRP) 
Noise and Vibration Cancellation 

Structure 

GRP Hull and Superstructure 
Enclosed Mast (Integrated Antennas) 

Propulsion Plant 

Fuel Cell and Electric Drive 
Vertical Axis Motor Propulsor (VAMP) 
Automation (Reduced Manning) 

Electric Plant 

Distributed Fuel Cells 
Zonal DC Electric Distribution (IED) 

Command and Surveillance 

Fiber Optics for Communications and Data Processing 
Integrated Damage Control (Neural Network) 

Auxiliaries 

Distributed Auxiliaries 
Electric Auxiliaries Only 
Water Mist Fire-Fighting 

Outfit and Furnishing 

Advanced Insulation Materials Integrated With GRP Structure 
Molded In Fittings 

Armament 

Remotely Piloted Vehicles (RPVs) 
Electra-Thermal Chemical (ETC) Gun and CIWS 

3 



2.3 Parametric Evaluation 

The principal characteristics of the HIGH TECH SHIP were set by determining parametrically the optimum 
dimensions for: 

. Waterline Length (LWL) 

. Waterline Length-to-Beam Ratio (UB) 

. Beam-to-Draft Ratio (B/T) 

These parameters were varied within the following range of values: 

. LWL between 120 m and 150 m (390 ft to 490 ft) 

. L/B between 10 and 14 

. B/T between 2.75 and 4.25. 

For a given value of L/B and B/T, the optimum LWL was determined by minimizing the full-load 
displacement while retaining an acceptable block coefficient and stability characteristics (whenever 
possible). The influence on full-load displacement of varying UB and B/T is shown in Figure 2-l. 

Figure 2-l. Parametric Optimization of the HIGH TECH SHIP 

As can be seen, the optimum BIT ratio is found to be 3.25 in order to provide adequate margins for 
stability. Then along the B/T = 3.25 line, the optimum UB is found between 12 and 13. An L/B ratio of 
13 was selected for the design point. 



Finally, the optimum design point was found to be for: 

LWL = 134 m (440 ft) 
L/B = 13 
B/T = 3.25. 

3.0 GENERAL DESCRIPTION OF THE HIGH TECH SHIP 

3.1 Leading Particulars, General Arrangements 

The leading particulars of the HTS are summarized in Table 3-1. 

The outboard profile of the HTS is shown in Figure 3-1 while the internal arrangements are shown in 
Figures 3-2 and 3-3. Compared to a conventional hullform the overall length of the HTS is disproportionate 
to the displacement (the length is that of a 6000 LT destroyer). This is due to the unusually high length-to-- 
beam ratio which renders comparison with conventional hullforms overall length misleading. The length 
of the HTS provides, in return, large internal volume, in spite of a relatively narrow beam. This combined 
with a reduction of volume requirements for advanced machinery (the power/volume density of a fuel cell 
plant is typically twice that of a conventional plant) as well as for crew accommodation (because of reduced 
manning) has allowed the hull itself to contain most of the required space, thus leaving an unusually small 
superstructure. In fact, superstructures are really necessary only in order to provide a high location for 
sensors (enclosed radars and communications antennas) as well as a pilothouse with a good, all-around 
visibility. In addition, a conformal CIWS (pulse power weapon) was integrated into the superstructure block. 
As a result of the virtual elimination of superstructure, the center-of-gravity has been lowered, thus providing 
adequate stability for such a narrow hullform. 

As can be seen in Figure 3-1, all weapons have been made conformal in order to minimize radar signature. 
All the weapons, as well as some auxiliary systems, such as the Rigid Hull Inflatable Boat (RHIB) and 
anchors are enclosed in the hull or superstructure and are uncovered only when needed. Although a 
number of sliding doors and panels will be needed for this purpose, which will cost in weight and installation 
complexity, those closures are necessary to ensure virtual elimination of any radar traps. All enclosed 
weapons and auxiliary systems are shown deployed in Figure 3-4. Note that the 5inch electro-thermal gun 
(pulse power) was set low in the hull because its firing angle is typically about 45 degrees in order to fire 
at a long range (60 nm approximately). It is envisioned that, rather than lowering the gun when firing at 
closer range, the intensity of the pulse may be adjusted to reduce the muzzle velocity while keeping the 
working angle at 45 degrees. Although the shell would have a reduced muzzle velocity, it would have an 
improved precision when using smart shells as the shell would be coming down on the target. Alternatively, 
it is also possible to fire with a given muzzle velocity but at a higher elevation to fire ballistically at a short 
range. However, the time for the shell to reach its target would increase significantly. The small multi- 
purpose weapon systems are intended to be used against short range targets (up to the horizon) and, 
therefore, it is not necessary to fire the 5inch gun at low angles (such as -15 degrees typically used for 
conventional guns). 

All crew accommodations were regrouped within three central/aft longitudinal sections of the hull in order 
to provide comfort and compactness for the spaces that most need air-conditioning and service power. 

The CIC was set low in the hull for maximum protection. A secondary ship control station is fitted in the 
CIC, thus allowing the ship to be fully operated, with remote cameras for visibility, in the event of combat 
damages to the pilothouse. 

The ship is fitted with an RPV platform on its after deck while RPVs are stored and maintained in the 
nearby hangar. In addition, a helicopter landing pad is provided on its upper deck in order to allow 
refueling and/or resupply operations (but no helicopter hangar is provided). 

The RHIB can be put in the water on the side using a telescopic crane. 
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Table 3-1 

Leading Particulars of the HTS 

PROJECT NRME: HIGH TECH CHIP d 

LEBDING FFIRTICULfiRS 

DISPLRCEMENT 

OVERFILL LENGTH 

FLUTRTION LENGTH 

FLOTFITIm 2Ep.M 

HULL DRfiFT 

21%. MT 2035. LT 

143.34 M 470.4 FT 

134. 00 M 433.E FT 

10.31 M 33.9 FT 

3.17 M 10. 4 FT 

F'ROFULSION PLGNT 

ELECTRiC F'ROPULSION FLRNT: 

ELECTRIC MOTORS TYPE : SUPERCONDUCTING H@kC!FliLriR IDC) MOTORS 

iLECTRIC tiOTORS FOWER : 2. x 15447. KW 

PROF'V SIGN ELECTRIC P@WER '1 L i. x i5m. KW 
!INTEGRRTED ELECTRIC FROFULSiON PL.QdT) 

FROFULSORS: 

WRTERJETS 

NUiirPER OF PROPULSION SHK? 2. 

WRTERJET DIRMETER lie. CM 5.33 FT 

FRGF'ULSOR SHRFT RFbi ?81. 

ELECTRIC F'LRNT 

FUEL CELLS ELECTRIC POWER PLANT: 

TOTfiL ELECTRIC POWER GMERRTION 33103. KW 

NUtiFER OF GENERRTORS (!NCLUnING STFIND-AY) 34. 

GE?dERiiTORS POWER RRTING 374. KW 

OTHER SUESYSTEkS 

RUDDER RCUi STRBILIZRTION 

NUMBER OF CREW 30. 

HE!!ICOFTER MNDING PLATFORM 

NLt@ER OF EMBFIRKED HELICOPTERS: a. 

MIL!TA?Y FflYLOFID 

MISSION ELECTRONICS (SWE;s@O) : 44.20 LT (INPUT) 

MISSION FlRMRMENT (SWBS700) : 63.17 LT (INPUT1 

MISSION EXFANDFiELES (F20) : 37.37 LT (1NCU-r) 

TOTRL FRYLOFlD 143.74 LT 

FERF@RMANCE 

DESIGN SPEED 33.00 KTS (FIT FUU LOFJ)) 

MFIX OPERATING SFEED 40.00 KTS (RT HRLF LORD) 

MGX SUSTRINED SFEED 27.37 KTS (RT HRLF LORD) 

REWIRED RRNGE 4001. Ml 

COMPRIS'ES: 3X)1. NM RT 40.00 KTS 

0. NM FIT ?O.oi, KTS 

1Wl. NM FIT 15.00 KTS 

MDURRNCE 30. DRYS 
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Figure 3-1. Outboard Profile 



0.l 

ZONE 1 ZONE 2 ZONE 3 

INBOARd PROFILE 

2nd DECK 
I 

I I 
I 

I I 
I 

1 
I 

3rd C If 
I I 

:CK 

ZONE 4 ZONE 5 ZONE 6 

h4ACHlNERY ARMAMENT j;:.;;;::;:; ELECTRONICS .: :j ACCOMODATIONS FUEL 

Figure 3-2. internal Arrangements 



Figure 3-3. Conformal Weapons and Auxiliary Systems 



Note that the accommodation spaces were separated from the forward weapons space by a safety void. 
The most significant deviation from conventional ship design is that there is no machinery space perse. 
Instead of the machinery being distributed vertically and transversely for a finite length, it is distributed 
longitudinally and transversely for a finite height. 

Fuel cells for propulsion as well as for ship service power were distributed throughout the ship for increased 
survivability. Each fuel cell group can accommodate the needs of the section they are shelter by as well 
as being capable of transferring the required amount of power either aft to the propulsion motors or forward 
to the pulse-power weapons. 

All fuel cells in one section are supported by an overhead system for air, exhaust, fuel system and cooling 
systems. Local outboard exhaust, just above the waterline is used. Flush water inlets are fitted for each 
section. A design inspired by the need for low drag as achieved by airplane-type inlets is used to minimize 
ship resistance. 

3.2 Hullform 

Although the details of the hull lines were not worked out for this preliminary study, the basic principles 
were established as follows: 

. A high length-to-beam ratio was selected in order to provide minimum resistance at speeds 
up to 40 knots. Due to the great length of the hull, this can be achieved for a Froude 
Number of 0.57 for which no or very limited planing effect may be expected. This, in turn, 
will allow a relatively small resistance without requiring extra power to transit a hump 
speed. The length-to-beam ratio of 13 was selected as a result of a parametric analysis 
(see Section 2.3). It proved to be in the order of what is commonly being used for 
catamaran sidehulls and currently being explored for high-speed commercial monohulls. 

. A typical midship cross-section was assumed with a CX coefficient of 0.8. A round bilge 
hullform was assumed, but some consideration should be given to a limited hard chine 
hullform which could provide extra stability, especially roll stability. Outwardly inclined 
sidewalls are used which provide improved stability reserve, extra deck space and reduced 
radar signature (at least when roll motions are small). In case a round bilge hullform is 
retained, bilge keels would be used to dampen roll motions while active roll stabilization 
would be provided using special control of the waterjet steering system, similar to rudder- 
roll stabilization. Due to the large net forces available with a waterjet, it is anticipated that 
more effective results would be obtained than with rudder-roll stabilization. 

. A flat transom was fitted in order to allow an above water level waterjet exhaust, which is 
more efficient than underwater exhaust for the jet. However, the on-going development of 
the vertical axis motor propulsor may revise this assumption. An underwater exhaust may 
be preferred in order to reduce wake signature. In that case, it is envisioned that the 
transom will need to be redesigned to adapt to the design configuration adopted for a 
vertical axis motor propulsor. 

. A wave-piercing bow was fitted in order to allow smooth passage through heavy seas. 
Note that the high length of the hullform will provide extraordinary pitch stiffness to the 
HTS. However, in order to avoid severe slamming as well as excessive surge motions in 
head seas, a slim, wave-piercing bow is preferred to a more traditional flared bow. 
Significant deck wetness may be expected as a result of this bow shape, however, the 
conformal nature of the weapons as well as the concept of operation will accommodate 
such a drawback. It should be expected that no personnel nor vulnerable equipment will 
be exposed to the weather on the forward deck. The pilothouse itself is located almost 
amidship (approximately 180 ft from the bow), thus it is believed that reasonable protection 
against severe deck wetness will be provided. 
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3.3 Power Plant 

3.3.1 Power Generation 

A fuel-cell plant has been assumed for the HTS. A fuel cell is an electric cell that converts the chemical 
energy of a fuel directly into electrical energy. The process is somewhat analogous to a battery that is 
constantly being replenished. The efficiency of this conversion can be made greater than that obtainable 
by thermal power conversion. 

A fuel cell, in its most basic form, consists of an anode, cathode and electrolyte. Chemical reactions that 
are involved are not limited to, but almost always include the combination of oxygen (considered to be the 
oxidant) and hydrogen (considered to be the fuel). Air is typically used for the oxidant in most fuel cells. 
A host of various fuel types can be used so long as hydrogen is abundant in them (i.e., hydrocarbons found 
in fossil fuels). In some fuel cell units, reformation of the fuel is required to be performed before it can 
enter the cell. In this process, elements in the fuel molecules are recombined into hydrogen and other 
gases. 

A proton exchange membrane (PEM) fuel cell is shown in Figure 3-4. Typically, the anode of a fuel cell 
is in contact with the incoming fuel and the cathode is in contact with the incoming air. The fuel and 
oxidant are physically separated by an electrolyte which can exist in solid, semi-solid, of liquid forms. It 
is required that the electrolyte prevent the conduction of electrons between the electrodes. When a circuit 
containing resistance is completed between the electrodes, hydrogen ions form at the meeting point of the 
fuel, anode and electrode. The resulting free electrons start flowing to the cathode, thus creating the 
mechanism for power generation. The chemical reactions that take place for the described acid electrolyte 
are as follows: 

Anode 2H, + 4H+ + 4e- 

Cathode 0, + 4H’ + 4e’ + 2H,O 

Overall 2H, + 0, -+ 2H,O 

The fuel cell plant contains all of the necessary machinery required for the plant to produce power, such 
as a fuel reformer, filters, pumps, etc. A fuel cell schematic is shown in Figure 3-5. The only required 
connections are for fuel, an oxygen source (air), cooling water, and unless pure hydrogen and pure oxygen 
are used, exhaust. 

A variety of fuel cells are being developed commercially that will have various performance and suitability 
levels for ship power. The principal type of fuel cells that can be envisioned are: 

. Proton Exchange Membrane (PEM) 

. Phosphoric Acid (PA) 

. Molten Carbonate (MC) 
l Solid Oxide (SO). 

For this preliminary study, data generated from the CDNSWC, Code 27, PEM fuel cell model were used. 
PEM fuel cells were chosen because of their high power density and their low exhaust temperature 
(approximately 200 degrees Fahrenheit). However, Solid Oxide Fuel Cell (SOFC) show very promising 
characteristics regarding their power density and their fuel efficiency. However, they also operate typically 
at high temperature (1600 degrees Fahrenheit) and are less developed. SOFC and PEMFC are believed 
to be the best candidates for the HTS. A final selection between those two types should be made based 
on which characteristics, fuel efficiency or low operating temperature, is most desirable. Weight volume 
and specific fuel consumption data for PEM fuel cells are shown plotted in Figures 3-6 through 3-8 as a 
function of power plant size. The specific fuel consumption is also shown as a function of percentage 
loading in Figure 3-9. 
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Figure 3-4. Cross-Section of a Proton Exchange Membmne Cell 

Figure 3-5. Proton Exchange Membrane Fuel Cell Power System 
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z = 1/((0.1166y~‘Z-0.1704)-1-(-0.02081yA2+0.03989)ln(x)) 

where: x = power in kW, for100 <x-c 20,000 

y = cell voltage in V 

z = system weiqht in Ib/kW 

Power,kW 

0 0.8OV + 0.75 v = 0.70 v 

Figure 3-6. PEM Fuel Cell Parameters - Total System Weight Versus Power 

where: x = power in 

0 2500 5000 7500 10000 12500 15000 17500 20000 

Power,kW 

O 0.80 V -+ 0.75V x 0.70 V 

Figure 3-7. PEM Fuel Cell Parameters - Total System Volume Versus Power 
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0.4525 I I 
cl - .-- y = 0.4507 

where: x = power in kW 

0 2500 5000 7500 10000 12500 15000 17500 20000 
Nominal Power, kW 

Figure 3-8. PEM Fuel Cell Parameters - Fuel Flow Versus Power 

v = percentage SFC 

Percentage of Rated Power, % 

Figure 3-9. PEM Fuel Cell Parameters - Fuel Flow Versus % Power at 0.75 V 
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Note that fuel cells have been shown to be capable of achieving an efficiency in excess of 60%, when a 
bottoming cycle is used, and are theoretically capable of efficiencies as high as 80%, when running on pure 
hydrogen and oxygen, which would far exceed what may be expected from any carnot cycle machine (gas 
turbines, diesel engines, etc.) even in their most efficient configuration (with high operating tempera- 
ture/pressure, heat recuperation systems, etc.). Currently, diesel engine efficiencies are typically around 
40% while gas turbine efficiencies are around 35%. Although the PEM fuel cell data shown in Figures 3-7 
to 3-10 are only 41% efficient, they are state-of-the-art and could be manufactured today. It was assumed, 
however, that for a relatively long term objective, such as that of the HIGH TECH SHIP, efficiencies of 55% 
should be attainable by Solid Oxide Planar fuel cells while retaining weight and volume density comparable 
or lower to that shown in Figures 3-7 and 3-8. The design was therefore conducted with a fuel cell that 
would have, as an objective, the characteristics shown in Table 3-2. 

Table 3-2 

Fuel Cell Plant Characteristics for HIGH TECH SHIP 

Unit Plant Power = 975 kW approximately 
Unit Plant Weight* = 8750 lb (approximately 9 Ib/kW) 
Unit Plant Volume l = 210 cu ft (approximately 0.2 cu ft/kW) 
Specific Fuel Consumption = 0.338 IblkW.hr 
Efficiency = 55% 
Voltage** = 0.75 V per cell 

‘Includes fuel cell stacks and support systems such as pumps, air blowers, heat 
exchangers, fuel reformers, etc. 

‘*Reference 4. 

3.3.2 Power Distribution 

There are 34 fuel cell plants distributed throughout the length of the ship on the lower deck. Each plant 
has approximately a one MW capacity (see Table 3-2), providing approximately 32 MW for propulsion and 
two MW for auxiliaries. When the electro-thermal-chemical (ETC) gun or the close-in weapons system 
(CIWS) is needed, the required amount of power is redirected from the propulsion to the appropriate set 
of capacitors. 

The fuel cell plants are distributed throughout the ship in order to increase ship survivability. Thus, if one 
zone is damaged, the power contained in that zone might be lost, but as long as one of the two buses 
remains intact (see below), the ship will still have a large percentage of power available. Since most of 
the power is for propulsion, however, the distribution of cells is slightly biased toward the after zones to 
minimize the weight of the distribution system. The fuel cell distribution plan is shown in Figure 3-10. 
Thus, six cells are located in zones four and five, and four in each of zones six and seven. 

ZONE NUMBER 
2 3 4 5 6 7 

in&ardoiTrami- 

Figure 3-10. Fuel Cell Distribution 
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The power produced in each of the individual fuel cell plants is fed into a common bus system. The system 
consists of two identical buses, one port and one starboard, each of which can carry up to 32 MW of power 
to the propulsors or 3.5 MW to the capacitors of the ETC gun. The buses are connected by a cross-over 
near the after bulkhead in each zone. Local electric loads are fed from the fuel cells in their respective 
zones. The electrical schematic is shown in Figure 3-11. 

Typical shipboard direct current (DC) voltage installations are in the 500 to 800 volt range, with a 
recommended upper limit of 1000 volts. However, higher-powered installations benefit from higher voltages 
and have been used, such as for the very high powered ice breaker “Lenin,” which used 1200 volts 
(Reference 8). Thus, 1200 volts was chosen as the voltage, but further benefits could be obtained through 
a higher voltage, may be up to 1500 volts. 

An electric bus concept is shown in Figure 3-12. The bus consists of two aluminum conductors held apart 
by ceramic (or other non-conducting material) spacers at intervals along the length and contained in a 
rectangular, fiber reinforced sandwich tube. Although aluminum has slightly higher resistance than copper, 
the significantly lower density results in a substantial weight savings (about 50%). Note that this concept 
was chosen to demonstrate the feasibility within a reasonable development timeframe. However, more 
futuristic concepts such as a refrigerated superconducting bus may be envisioned given the long term 
objective of the HIGH TECH SHIP. It is believed that refrigeration would be needed at only a few locations 
along the bus since the natural thermal conductivity of the material would keep other parts of the bus 
refrigerated if properly insulated. The feasibility of superconducting cables aboard ship is pending the 
development of “high” temperature superconduction, i.e., superconduction at the temperature of liquid 
nitrogen rather than liquid helium. Any progress made toward even higher temperature superconduction 
would greatly benefit the HTS. 

The sizing calculations for the aluminum bus are given in Table 3-3. Figure 3-13 shows the length of and 
power carried in each segment of the bus. Note that each bus is designed to carry the total power of 34 
MW with a total allowable voltage drop of one-half of one percent. The “real dimension” is the required 
size of the square rounded up to the nearest one-eighth inch. The longitudinal center of gravity (LCG) is 
measured in feet forward of the transom. Table 3-4 shows the calculation for the actual voltage drop under 
normal conditions when each bus carries half of the power. 

Aluminum has three potential disadvantages as a conductor. The first is that it readily oxidizes, and 
aluminum oxide is an insulator. This problem is solved by preparing the aluminum properly and coating 
it during installation. The second problem is that aluminum cold flows (creeps), which is solved using 
special (spring-loaded) fasteners. Finally, thermal expansion might be a problem but can be solved using 
U-type expansion joints. 

An alternative to the bus system described above is to use stock busways. “Three phase, four wire” 
busways contain four internal conductors and are currently available for amperages up to 4000 amps for 
alternating current (AC) with aluminum busbars. Since only two conductors are needed for DC, the 
conductors can be used in two groups of two connected in parallel, effectively doubling its ampacity. Thus, 
a 4000 amp busway will actually carry 8000 amps DC. This is a continuous rating, which can be exceeded 
somewhat depending on the duration of use and the allowable temperature rise. Three of these 
assemblies connected together should easily carry the required 28,000 amps. (Note that these busways 
are rated for 600 volts AC, but should be able to handle 1200 volts DC. Also, custom busways are 
available, but at greater cost. However, either stock or custom busways would probably result in a higher 
total weight. One potential problem identified for the main bus is the need for flexible joints since this bus 
will need to deform with the hull. The hull being made of composite, the enclosure shown in Figure 3-12 
may actually be integrated as a frame to the structure, however, it will still be necessary to ensure that hull 
deformation will not strain the conductor itself. 

16 



LOCAL NEEDS 

. STEEtllNG GEAI 
. LIGHTING 
. AUXILIARIES 
. FIRE L DAMAGE 

CON1 “OL IN 
ZONES 1.2 h 3 

ZONE 3 
IO CELLS x 1 MW 

I-- 
LOCAL NEEDS 

HVAC 
LIGHTING 
HOTEL 

. APV HANGAIl 

. AUXILIARIES 

. FIRE L DAMAGE 
CONTROL IN 
ZONES 2.3 h 4 

zom 4 
5 CELLS X 1 MW r 

LOCAL NEEDS 

LIGIITING 
HOrEL 
RPV WORKSHOP 
AUXILIARIES 
CIWS 
INFLATABLE BOAT 
FIRE 6 DAMAGE 
CONTROL IN 
ZONES 3,4 b 5 

‘1 
LOCAL NEEDS 

tw*c 
LIGHTING 
HOTEL 
AUXILIARIES 
20 MM GUNS 
ELECl RONtCS 
(IIADAHS. c0Mt.v 
ETC ) 

FIHE h DAMAGE 
CONTROL IN 
ZONES 4.5 L 6 

4 CELLS X 1 MW 

LOCAL NEEDS 

. LIGHTING 

. HOTEL 

. AUXtLlAtllES 

. AAW MISSILES 

. HAFIPOON MlSStLt 

. FlRE 8 DAMAGE 
CON1 ROL IN 
ZONES 5.6 L 7 

ZONES 7 AN0 0 
4 CECLS x 1 MW 

LOCAL NEEDS 

. LIGHTING 
AUXILIARIES 

. SONAR 

. GUN AMMUNITIO 

. FIRE L DAMAGE 
CONTROL IN 
ZONES 6.7 d, 6 

2 BUSES (PORT AND STARBOARD) EACtl CAN CAnnY CULL LOAD OF 34 MW TO 
PilOPULSORS OR 12 MW TO ET GUN 



Outer GRP Skin 
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w---- 
‘-------- Ceramic Spacer (Insulator) 

Figure 3-12. Electric Bus Diagram 

Table 3-3 

Aluminum Bus Sizing Calculations 

Material = Aluminum 
Voltage. V = 1200 v 

Allowable Voltage Drop, E = 05 96 Tolal 
6 V Total 

Resisliwly, rho = 17 01 ohm-cmUll 
ILer@h. L = 324 0 II 

Derwly. d = 165 lbifY3 

Allow Dim. of Real 

Item Power Area 
m- 

__- Current Lencttli Volt. Droll auare Dimen. Vpiume Weiqht LCG Moment 
P , I e- A--s s _ vol w __-___ LCG M 

Units __ - -- MW A ft V crnil in”2 fY2 in in ft”3 lb ft lb4 
nelalion PN rho’l’i/e cower. cower A”0.5 S”2’1 E-IL/L) __- vol’d ~ WLCG 

Section I 34 28333.3 4 0074 2.603EbO7 2044 0.1419 4 52 4.625 1 108 196.08 40 7043 
2 28 233333 40 0.741 2.143E-107 16.83 0.1169 4.10 4 125 9 453 1559.77 62 96705 

3 18 15000.0 60 1.111 1.378E+07 10.82 00751 3.29 3.375 9.492 1566.21 112 175416 
4 13 10833.3 60 1.111 9951Ei06 7.82 0.0543 2.80 2.875 6.888 1136 52 172 195482 
5 12 10000.0 GO 1. I 1 1 9.185E-t06 7.21 00501 2.69 2.75 6.302 1039.84 232 241244 
6 1 333 9 185Ec06 7.21 0.0501 2.69 2.75 7 563 1247.81 298 371848 

7 0296 ~9 if35E+06 7.21 0.0501 2.69 2.75 1.681 277.29 94834 _ _ 342. 
cross 1 0222 2.603E-107 20.44 0 1419 4.52 4.625 3.565 588.24 38 22353 
Connect 2 0222 2.603E+07 20.44 0.1419 4 52 4.625 3.565 58824 42 24706 

3 0222 2.143E107 16.83 0.1169 4.10 4.125 2 836 46793 02 38370 
4 0.222 I 378E+07 10.82 0.0751 3 29 3.375 1 898 313.24 142 44480 
5 0222 9951Ei06 7 82 0.0543 2.80 2.875 1.370 227.30 202 45916 

6 0 222 9.185E +06 721 00501 2 69 2.75 1 260 207.97 262 54488 
7 0.222 9.185E+06 7.21 0.0501 2.69 2.75 1.2GO 207.97 334 69462 ~- 

TOTALS 312 58.33 9624 154.1 1483147 
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Number of i MW Fuel Calls: 
6 IO 5 5 4 4 

Propulsor Bus Requirements: 

ETC Gun Bus Requirements: 

-31 ‘L- i._/ 12 II !  ,-1 ,a: ,r; I2 

M-ail2 92 -n2 -4-2 1 * 112 _, 1142 
'.a, I ! I /  i, -' 

Comoined Bus Requirements: 

Approximate Lsngrh in feet: 
fi do I 60 I 60 ! 60 / 72 1 16 

Secion: 1 2 3 4 5 6 7 

Transverse Length = 12 Feet 

Figure 3-13. Electric Bus System Schematic 

Table 3-4 

Voltage Drop Performance 

CKEr 
CorlrlPCl I -- 

TOTAL: 

cllr~clll 
I 

A 

. - !T !L  
111667 
I IGGG 7 
7500 0 
5.116 7 
3373 3 
11356 7 

-0P 
00 

2500 0 
llGG7 
2003 2 
2003 2 
1666 7 

-~G!x I 

r I rnglll Aciual 

Lclylll pl. g&- _.... _._ hea ksi$a!ce _ Voll _IllOl, 
I s A I e 
II in irP2 cmil ol1111 V 

_y_vt2ry prwggs -..s'Z cower. rho'VA i'r 
4 4 625 21 39 2724E107 2 49IlE OG 0 035 

10 4 125 1702 2 166E407 3 IdIE 0 3GG 
GO 3 375 1139 1150EI07 7 037E 05 0 520 
GO 2 075 0 27 1 052E IO7 9 G90E 05 0 525 
GO 2 750 7 56 9 629E I 06 I OGOE-04 0 353 
72 2 750 7 56 9 G29E I OG 1.272E-04 0212 

-..!I 2.750 7 56 9629El06 ------ 2 027E-05 -__ --_-- -- _ow 
I2 4 625 21 39 2 721E107 7 495E OF 0 one 
12 4 G25 21 39 2 721E107 7 495E 06 OOIE 
12 4 125 1702 2 IGGE107 9 422E OF 0 03s 
12 3375 I I 39 I150E107 I 107E 05 0 025 
12 2875 0 27 I 052E IO7 I 94OE 05 0 04 
12 2 750 7 56 9 629E !  06 2 I2OE 05 0 ox 

..-!Z 2.750 _ ___-&-m-_-_ 7 56 Q 629E I 06 Z.lZOE-05 _.- ---.--1 0 03' 
312 23 25 2.21s 
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3.3.3 Ship Service Power 

The requirements for the integrated ship service and propulsion power are summarized in Table 3-5. 

Table 3-5 

Power Requirements 

PROF'ULSION PLRNT 
ELECTRIC F'ROPULSION PLFiNT: 

ELECTRIC ROTORS TYFE : SUPERCONDUCTING HOMOF'OLFIR (DC) tiOTORS 
ELECTRIC MOTORS POWER : 2. x 15447. KW 
PROFULSION ELECTRIC POWER 2. x 15263. KW 

(INTEGRRTED EiECTRIC FROF'ULSION PLANT) 
F'ROFULSORS: 

biRTEEJETS 
NUME;ER OF F'ROPULSION SHRFT 2. 

WFITERJET DInMETER 178. CM 5.33 FT 
PROF'ULSOR SHGFT RFM 31. 

ELECTRIC PLRNT 
FUEL CELLS ELECTRIC POWER PLFINT: 
TOTRL ELECTRIC POWER GENERRTION ~31cG. KW 

INTEGRilTED PROPULSION ELECTRIC F'WR 30573 KW , 
MRXIMUM SHIP SERVICE ELECTRIC PWR 1077. KW 
ELECTRIC PLRNT DESIGN MGRGIN PGIR 215. KW 
ELECTRIC FLRNT SERVICE LIFE MFIRGIN PWR ?58. KW 
STFIND-PY GENERRTOR FWR 374. KW 

NUMBER OF GENERflTORS (INCLUDING STRND-BY) 34. 

GENERRTDRS POWER RRTING 374. KW 

RNCHOR LORD 1041. KW 
SAORE LORD 843. KW 
CRUISE LOQD 1077. KW 
VITfiL LORD 1055. KW 
EWERGENCY LORD 10B. KW 

MFIXIMUM LOFID 1077. KW 
WERRGE LOFlD 53, KW 

A distributed power plant was chosen in order to provide the best survivability to the HIGH TECH SHIP. 
Although the chances of complete power loss with a conventional arrangement fall dramatically as soon 
as more than one propulsion plant compartment is fitted, the speed loss, in case one propulsion 
compartment is damaged, is considerable. With a distributed power arrangement, such as that shown in 
Figure 3-10, it would take several hits by adverse missiles to significantly reduce the propulsion power 
available. 
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The principle of a twin distribution bus was also incorporated to ensure more than one distribution route 
in order to avoid damaged areas. Note that with transversal connection bars, it would be possible to 
ensure quasi continuity of the distribution bus in all cases. 

The ship service and propulsion power requirements per zone were analyzed and are shown in detail in 
Tables 3-6 and 3-7 for summer cruise and battle conditions, respectively. Note that when the pulse power 
weapons are used, a reduction of propulsion power is considered in order to minimize total power installed. 
When used in rapid fire, the pulse power weapons will need up to 12 MW power (35% of the total power), 
but for short cycles only, thus having a reduced impact on the average speed achieved by the ship. When 
used in continuous duty a 5-inch gun (firing at a rate of 20 shots per minute) consumes only 4 MW power 
(12% of the total power) which should have only a small impact on the speed (2 kt drop approximately) 
achievable by the HIGH TECH SHIP. 

Due to the complete integration of the ship service and propulsion power and to the distributed power plant 
concept, each section of the ship will have much more power than it power for ship service needs only, 
even when design and service-life margins are added to the power needs shown in Tables 3-5 and 3-6. 
Thus, it appears that this power plant will be very flexible throughout its lifetime to accept reconfigurations 
and changes of the ship service power requirements. Significant increase of those needs can even be 
envisioned (beyond the design and service-life margins of 20% each) at the expense of a speed loss (only 
when maximum ship service power is required). However, it would take a dramatic power requirement 
increase in order to have a significant impact on speed (an increase of four times the current power needs 
would result only in a 2 kt speed loss). 

Since fuel cells naturally provide DC power and also due to the fact that the propulsion motors require DC 
power, a DC power distribution system is required for the HIGH TECH SHIP. 

As a result, auxiliary systems such as pumps, fans and mechanical systems need to be specified for use 
with DC motors. A significant change of suppliers and logistic stocks will be required as a consequence, 
but it is believed that it will be beneficial in all respects (lighter weight, higher reliability, etc.) 

There are however systems, especially electronic sensors that require AC power. For those systems, local 
transformers will be installed as needed. 

3.3.4 Propulsion 

The propulsion of the HIGH TECH SHIP is provided by two vertical axis motor propulsors (VAMP) with 
performance equivalent or greater than mixed-flow type of waterjet as defined in Table 3-8. 

The concept of the vertical axis propulsor is illustrated in Figure 3-14. The perceived advantages of this 
configuration over conventional (mixed-flow type) waterjets are: 

. Better efficiency across a large range of speeds (towards low speed) 

. Reduced size/weight 

. Flexibility of electric drive 

. Lower wake signature (if exhaust is underwater). 

However, in the absence of specific data concerning those objectives, the performance calculations, as well 
as weight estimates, for the HIGH TECH SHIP were made assuming a mixed-flow type of waterjet. 

Therefore, it is clear that the HTS design was conservative. If the VAMP achieves the desired result, the 

HTS performance may be only improved and if it does not, the HTS feasibility is still guaranteed. 
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Table 3-6 

Summer Cruise Power Needs 

Shaftless 1bbtor 
Steering Sear 
Fuel Oil Service pump 

Fuel Oil Transfer Furap 
Fuel .Oil Purifiers 
Fuel Oil purifier Heaters 
Fire, Silge, b Pallast Fuap 
Sea Water Service Pump 
Fresh Water Circ. Pump 

FU Transfer pump 

RI Circulating pump (Hot/Cold) 

HVRC Systera 

Lighting 
Distilling plant 

Sewage Treatment Plant 

FU Storage Heater 

Yotel 

RPV Uorkshop 
Jr'5 Pumps 

ELECTRONICS 

Navigation Radar 
FRST Radar K-band) 

CIC Electronic Equipment 

Ship Gfntrol Equipment 

Navigation Equipment 

Interior Communlcat ion 
Transceivers (MF, tiF, VHF, W) 
Satellite Cmmunlcatlons 

RRU Missiles 
Harpoon Missiles 
LTV crossbnw 
Torpedoes Mk46 

Gnchor Windlass 
Mooring Winches 
Capstans 

Winches/Cranes 

Doors h Hatches 

ELECTRONICS 

Sonar 

Jam5er-i 
Radar Detectors 

IW6-6 Rocket Launcher 

Degaussing Syste!a 

Secure CcmRiunicat ions (IFF) 

Total Power per Comp. in kU 

Power Source &ant. Nwnber per Compartment 

per Unit 

(kh'l 

15600 olve? _ 
200 est 

20 typ 

10 DOG51 
20 DDG51 

100 DDG:l 

10 est 

20 tYP 
7.5 est 

5 est 

0.5 est 

100 DDG?/;I 

75 DDG2/51 

15 DDG51 

25 tYP 
20 DDG51 

50 DC&?/S1 

50 DDG51 

4 DDG51 

25 tYP 
1G90 data 

100 est 

50 E5t 

50 est 
10 est 

0.05 est 

1 tYP 

100 DDG51 
50 DDG51 

150 DDG:I 

10 DDG51 

25 tYP 

25 tYP 

20 tYP 
10 tYP 

5 est 

36 data 

10 est 
10 est 

25 guess 
25 DDG2 

1 e-St 

2 3 4 5 6 7 

2 0.4 0.6 0.3 0.3 0.2 0.2 
2 0.4 

2 0 I 

2 0 1 
2 0 1 
2 0 1 

16 0 0 0 0 0 0 
12 1 1 I 1 1 1 

3 1 0 0 
3 1 0 0 
6 I 1 1 
3 I 1 1 
1 0.1 0.20.15 0.20.15 0.2 
3 I 1 0 
2 1 0 
3 I 0 0 
1 0.3 0.3 0.3 0.1 
I 0.25 
4 1 

1 1 
I 0.01 
1 0.5 
I 1 
1 1 
1 1 
3 3 
1 1 

1 0 
1 0 
2 0 
I 0 
2 0 
2 0 0 
4 0 0 
3 0 

13 0 0 0 0 0 0 

1 0 
2 0 
2 0 
2 0 
1 0 
1 0 

2 

6240 
80 

0 

0 

0 

0 

0 

20 
0 

0 

0 

0 

7.5 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 
0 

Power per Compartment 

2 

3360 

0 
0 

0 

0 

0 

0 

20 

7.5 

5 

0.5 

100 

15 
15 
0 

20 
15 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

ikU1 
4 5 

4680 4680 

0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

20 20 

0 0 

0 0 

0.5 0.5 

IOU 100 
11.25 I5 

15 0 
25 0 

0 0 

15 15 

12.5 0 
4 0 

0 25 
0 10 

0 32 

0 50 

0 50 
0 10 
0 0.45 

0 I 

0 0 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

6 

3120 

0 

0 
0 

0 

0 

0 

20 

0 

0 
0 

0 

II.25 

0 

0 

0 

5 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

Total 
Eouer 

7 IkWl 

3120 31200 
0 80 

20 2-o 

10 10 
20 20 

100 100 
0 0 

a 120 
0 7.5 

0 5 

0 1.5 

0 200 

15 75 

0 30 

0 25 

0 20 

0 50 

0 12 .5 
0 4 

0 25 
0 10 
0 53 
0 50 
0 50 
0 10 
0 0.45 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

6347.5 'KS.0 4663.3 5027.0 3156.3 3305.0 X276.9 
107.5 lS3.0 203.3 347.0 36.3 185.0 1077.0 berage Ruxiliary Poner per Camp. in kU 

Total Connected Pwer = 32.277 w 
Total Runiliary Power = 1.077 VA 
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Table 3-7 

Battle Condition - Power Needs 

shaft less #ntnr 
S:eerlng Gear 
Fuel Oil Service Pump 
Fuel Oil Transfer pump 
Fuel Oil Purifiers 
Fuel Oil Purifier Heaters 
Fire, Biige, 6 Ballast Fump 
Sea Rater Service pump 
Fresh Uater Circ. pump 
CW Trarlsfer Pump 
FU Circulating pump iHot/Cold) 
t#RC System 
Ligntinq 
Distilling Plant 
Sewage Treatment Plant 
F11 Storage Eeater 

Hotei 
f&V Uorkshop 
JP5 Pumps 
ELECTRONICS 

Navigation Radar 
FAST Radar (C-band) 
UC Electronic Equipment 
Ship Control Equipeent 
Navigation Equipment 
interior Comaunicat ion 
Transceivers IMF, HF, VW, LIMI 
Satellite Cnmrnunications 

RGU Wissiles 
Harpoon t4issile-s 
LTV Crossbow 
Torpedoes Mk46 
Gnchcr Windlass 
Mcoring Winches 
capstans 
Winches/Cranes 
Doors 6 Hatches 
ELKTRUNICS 

Sonar 
Jamners 
Radar Detectors 
MK36-6 Rocket Launcher 
Degaussing System 
Secure Coesnunications (IFFI 

Total Power per Camp. in kW 
Total Ruxiliary power per Camp. 

FoHer Sc~urce &ant. Number per Compartment 
per Urli t 

(kW 2 3 4 s 6 7 

IS600 given 2 0.4 0.6 0.3 0.3 0.2 0.2 
200 es: 2 0.4 

20 tYP 2 0 I 
10 DDG:I 2 0 1 
20 DDGSl 2 0 1 

100 DOG51 2 0 1 
i0 65t 16 0 0 0 0 0 0 
20 typ I? 1 1 1 1 I 1 

7.5 Est 3 1 0 0 
5 est 3 1 O 0 

0.5 est 5 I I 1 
100 DCWSI 3 0.2 0.2 0.2 
75 DDGE/:l 10.05 0.10.07 0.10.07 0.1 
15 DDG:I 3 0 0 0 
2s tYP 2 0 0 
20 DDG51 3 0.5 0 0 
:o Clx2/Sl 1 0. i5 0. 15 0.15 0.05 
50 DOGS1 1 0.5 

4 DDG51 4 2 

?‘, tYP 1 1 
1000 data I 0.01 

I(;0 est 1 0. c J 
so est 1 I 
SO est 1 1 
10 est I 1 

0.05 es: 3 9 
1 tYP I 1 

100 DDG51 1 1 
SO DDG-51 1 1 

150 DDG51 2 2 
10 DDGSI I 1 
25 typ 2 a 
25 tYP 2 0 0 
20 tYP 4 0 0 
10 tYP 3 0 
5 es: 13 0 0 0 0 0 0 

36 data 1 I 
10 est 2 2 
10 est 2 2 
2S guess 2 2 
25 DC’32 I 1 

1 est 1 I 

2 

6240 
eo 
0 
0 
0 
0 
0 

29 
0 
0 
0 
0 

3.75 
0 
0 
0 
0 
0 
0 

! !  
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Power per Compartment Total 
(kU1 Pnuer 

3 4 5 6 7 (kW) 

3360 4680 4680 3120 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

3120 31200 
0 a0 

20 20 
10 10 
20 20 

100 100 
0 0 

20 120 
0 i.s 
0 s 
0 1.; 
0 60 

7.5 37.5 
0 0 
0 0 
0 IO 
0 d 
0 25 
0 a 

c 
20 

7.: 

5 
0.5 

20 
7.5 

0 
0 

10 
7. s 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 0 0 
20 20 20 
0 0 0 
0 9 0 

0.5 0.5 0 
20 20 a 

5.625 7.5 5.625 
0 0 0 
0 0 0 
0 0 0 

7. s 7.5 2.5 
2: 0 0 
3 0 0 

0 2s 0 
0 10 0 
0 SO 0 
0 SO 0 
0 50 0 
0 IO 0 
0 0.45 0 
0 I 0 

0 0 100 
0 0 50 
0 300 0 

10 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 20 0 
0 20 0 
0 SO 0 
0 2s 0 
0 1 0 

0 2s 

0 10 
0 SO 
0 SO 
0 3 
0 10 
0 0.4: 
0 1 

0 100 
0 SO 
0 300 
0 10 
0 0 
0 0 
0 0 
0 0 
0 0 

26 26 
0 29 
0 20 
0 %I 
0 25 
0 1 

6343. a ~433.0 4776.6 5348.0 323a. 1 933. s 32537.3 
in kW 103.8 73.0 ?1.6 450.0 103.1 1’35.5 1032.0 

Total Pcuier = 32,538 M 
Ruxiliaries = 1.333 hU 
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Table 3-8 

Waterjet Performance Characteristics 

Thrust/Speed 
Efficiency 
Weight of Jet Unit (With Reverse/Steering Gear) 
Weight of Water Entrained 
Mixed-Flow Waterjet Type Inlet Diameter 
Mixed-Flow Waterjet Type RPM 

109,000 lb/38 kts 
66.6% 
58,700 lb 
50,700 lb 
180 cm (5.9 ft) 
280 rpm 

INLET / 

SHAFTLESS PROPULSOR 

0 DRY MOTOR 

0 VERTICAL AXIS SHAFfLESS fiOTOR 

0 VOL’JTE FLOW CONTROL 

Figure 3-14. Vertical Axis Motor Propulsor (VAMP) Concept 

A homopolar motor was chosen to drive each propulsor because of the high potential offered by this 
emerging technology. For homopolar motors to take fult advantage of their characteristics, they need to 
be associated with other technologies also under development: 

. Superconductive Motor 
. Contra-Rotating Motor. 

The former allows the homopolar motor to have a reduced size and weight while increasing, at the same 
time the efficiency up to 98 to 99%. The latter allows further reduction of the motor size and weight as well 
as of its foundations since the two contra-rotating stage tends to cancel the torque reaction forces on the 
foundations. This configuration is illustrated by Figure 3-15. While superconductive motor technology 
progresses towards “high” temperature (allowing nitrogen cooling rather than helium cooling) it was deemed 
likely that this technology would be available for use with motors of the HIGH TECH SHIP. 
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The contra-rotating feature, however, would require specific design of the propulsor to incorporate two 
contra-rotating stages. Another arrangement using a homopolar-contra-rotating motor “wrapped” around 
a conventional, horizontal axis, twin stage waterjet may be preferred in this case. This type of arrangement 
has already been used (with one stage) for submarine seawater pumps and may therefore be pursued as 
an alternative propulsion arrangement for the HIGH TECH SHIP. 

Although homopolar motors were chosen for the HIGH TECH SHIP, it was found that permanent magnet 
motors may also be used. The latter may, in fact, be more readily available for that application depending 
on the desired timeframe. However, it is believed that homopolar/superconductive/contra-rotating motors 
would eventually offer the most compact, lightweight and efficient propulsion for the HIGH TECH SHIP in 
the long run. 

3.4 Structure Design 

Composite materials were selected for the superstructure as well as for the hull of the HIGH TECH SHIP. 
It is believed that a significant reduction of structural weight may be achieved using composite materials, 
even without using exotic, high-strength materials. This, in turn, would greatly reduce the overall ship size 
and weight required for a given military payload and, therefore, reduce significantly total fleet cost. It is 
estimated that weight reductions in the order of 30 to 40% are achievable with composite structures over 
steel structures. 

The lack of large scale production experience does not allow, at this time, an accurate projection of the cost 
of producing a large composite structure. It is believed, however, that once industrialization is 
accomplished, the production cost for large composite structures should be competitive compared to steel 
structure. In particular, it is anticipated that labor cost will be significantly less than that required for a 
metallic structure. Since labor cost is the most important part of the cost of a ship’s structure, this is likely 
to offset some of the extra cost for material and tooling, especially molds. Note that tooling cost for metallic 
structure is not negligible. The cost of automatic cutting and welding machines represent a large 
investment that should be accounted for when comparing fabrication cost of composite and metallic 
structures. Areas of research that are expected to bring composite structure costs down include the 
development of reusable molds and tools and of automatic prefabrication techniques. 

Several types of composite structure concepts can be envisioned for the construction of the HIGH TECH 
SHIP. The first choice to be made is between a single skin or a sandwich structure. 

Sandwich structures are known to provide cheaper, stronger, and more lightweight structures but have often 
been rejected for large marine structures (such as Navy ships) due to the lack of resistance to local 
concentrated loads (shock) that could result in delamination or breaking of the thin and relatively weak 
skins. As a result of such local failure, it has been anticipated that water would likely flow through the skins 
and eventually create severe and profound structural damage. 

While this may be arguable for relatively small boats that would use typical skin thicknesses of less than 
one-quarter inch, the skin thickness required for a ship of the size of the HIGH TECH SHIP would rather 
be one-half to one inch, and would therefore have enough strength on their own to withstand high local 
loads and to provide an effective barrier against water migration. In effect, the skin thickness for the HIGH 
TECH SHIP would be comparable to that of the single skin of a mine countermeasure vessel. Therefore, 
the sandwich construction was retained for the HIGH TECH SHIP. Details of the structural calculations are 
given below. 

The process began by modifying an existing BLA structure calculation program. The major modifications 
involved adapting the program to use a different stiffener shape and making changes to the program 
structure to allow for easier future modifications and additions to the program. 
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The program requires the following items as input: panel size, frame spacing, stiffener sizes, loads, 
material properties, and lay-up schedules for the plating and stiffeners. The program then calculates 
stresses, deflections, weights, quantities and costs for the panel. 

The stiffener section used is shown in Figure 3-16, and consists of a rectangular hat-stiffener with core 
height, h, core width, w, constant thickness, t,,,,, bottom flanges of length six times the thickness each, and 
tapered ends of length three times the thickness each. A subroutine is used to calculate the stiffener area, 
neutral axis, and moment of inertia about its own neutral axis. The current plating configuration uses 
sandwich construction with skins of equal thickness, tskinr and an effective width equal to the stiffener width 
plus 18 times an effective skin thickness, ten, or w  + 18t,,. A second subroutine is then used to calculate 
the overall area, neutral axis, and moment of inertia of the stiffener combined with the cored plating. 

r- -7 
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A I 

I 
,- 

I 
- ‘N -----I 

h 

Figure 3-l 6. Stiffener Geometry 

By separating the stiffener and plating calculations into separate subroutines, it is easy to add to the 
program different geometries of both stiffener and plating and to combine them as required by calling the 
appropriate subroutine. Other stiffener geometries include trapezoidal hat-stiffeners, variable thickness 
stiffeners (i.e., thicker “flange” than “web”), reinforced stiffener, or a combination. Other plating geometries 
include single skin, sandwich construction with non-equal skin thicknesses, or a different value of effective 
width. 

Note that the program used was written to check the calculations performed by a European company on 
a USCG project. Therefore, there is not one single source for the equations used. Some of the equations 
came from Det Norske Veritas, others from U.S. Navy Design Data Sheets, etc. No effort was made to 
update the equations to a more standard source. Thus, the equations may need to be updated at some 
future time. Finally, note that this program was written in metric units and was kept identical in that regard. 

The ship dimensions and shape were determined prior to the structural analysis. However, only midship 
section scantlings were sized. Scantlings were sized to panel pressure loads and checked against 
longitudinal bending strength requirements. Little attention was paid at this early stage of design, to 
foundations and other mounts, deck openings, ship ends, etc. Calculations were made for: the main deck, 
the sideshell, the bottom, the interior decks, the bulkhead, the deck girders, and for the center vertical keel 
(CVK). The loads to which each element was designed are shown in Figure 3-17. 
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The material properties used are present day state-of-the-art properties and were obtained from several 
sources (References 1 through 3). The fiber used was S-glass because of its slightly better strength per 
weight ratio over E-glass. However, stiffer materials such as carbon fibers or kevlar may be used on a 
case-by-case basis for local strengthening. Glass fiber was preferred in general for its low cost. Using high 
strength materials would result in thinner skins which would not be acceptable for the reasons suggested 
earlier. 

30 psi 30 psi 

Aft ’ Forward 

Weather Deck 

I 

v 

i 3.25 ft (1 .O m) 

Figure 3-17. HIGH TECH SHIP Design Loads 
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Epoxy resin was chosen over either polyester or vinyl ester resins, mainly due to better elongation 
performance. Whichever resin is used, elongation performance is improved by post-curing at elevated 
temperatures. This process would obviously increase production cost, but would allow for a much stronger 
construction by allowing the fibers (the stronger component) to carry the maximum possible portion of the 
loads. Furthem-rore, the resins would require fire retardance through the use of additives. The plating 
layup is a loose weave roving or fabric which allows for greater strength by letting the fibers lie flat and 
straight with less crimps and bends. The disadvantage of loose weave is that layup is more difficult since 
the fibers are not held in place as rigidly and care must be taken so as not to disturb their lay during 
handling. Stiffener construction is of unidirectional fiber. Both plating and stiffeners will require pre- 
impregnated and/or vacuum bag construction to obtain high fiber-to-resin ratios. 

The plating core material used is honeycomb although low density foams associated with Z-fibers (process 
developed by Foster-Miller) may also be considered. Honeycomb was chosen for its higher strength per 
weight even though it has some disadvantages. One of the more important problems of moisture collecting 
in the cells of the honeycomb might be solved by filling the cells with a very low density closed-cell foam. 
Note that the material properties used are only representative (i.e., they fall within the range of availability) 
of honeycomb, and do not apply to a specific type or size. The core material used for the stiffeners is a 
low density foam. 

There are many methods of increasing the strength per weight of FRP structure, several of which might 
be applied to the HIGH TECH SHIP. The first is the use of “exotic” materials, such as Kevlar and carbon 
fiber. Next, by using glass with strands composed of more, smaller diameter, filaments rather than fewer, 
larger diameter, filaments, the surface area for a given strand size is increased, thus increasing the strength 
of the resin to fiber bond. The use of a peel ply, a non-impregnated layer of glass placed over the wet 
lamina that when removed pulls stalagmite-like arms perpendicular to the lamina which will protrude into 
the next lamina, will increase the interlaminer shear strength. Another way to increase the interlaminer 
shear is through a patented process that implants fibers in the Z-direction during curing. This process 
combined with a foam core for the plating may make the foam core strong enough to make it a better 
alternative than the honeycomb core. All of the above procedures have the disadvantage of increased 
production cost. 

Full-scale material testing would have to be accomplished prior to construction to ensure that the material 
properties specified can be achieved. Such testing should include yield strength determination as well as 
fatigue strength and should also include comprehensive fire resistance testing of various panels and 
combinations of fire retardant resins. 

The midship scantlings were determined using the BLA program and are shown in Figure 3-18. 

The adequacy of the scantlings was checked as well as the overall ship deflection resulting from them. 
The results are shown in Figure 3-19 where it can be seen that under normal loads, the ship would deform 
about 2 inches. This is about six times higher than with a conventional (steel) hull as can be seen in Table 
3-9 where various material were compared. This may become an issue since it will have a measurable 
effect on the precision of weapons and sensors. However, the use of embedded strain gages connected 
to a neural network may allow to provide real-time corrections for hull deformation under the action of 
waves, thus alleviating the problem. 

Finally, it should be noted that while the largest composite ship structures built to date do not exceed 200 
ft in length (versus 440 ft for the HIGH TECH SHIP), their structure weight is of the order of 300 to 400 LT 
versus 700 LT for the HIGH TECH SHIP. Thus, the “leap” is not as great as it may seem to be. 
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Figure 3-18. Midship Section 

3.5 Subsystems 

Several subsystems are required for the fuel cell plants to operate, including those for fuel, air, exhaust, 
and cooling water. Intake air will be obtained form the ambient air in the compartment. No special ducting 
is required. However, the ventilation system must be sized to include this load. When compared to diesel 
engine installations, however, the air flow for a given power is reduced. The gaseous exhaust is ducted 
locally to a common manifold and then discharged overboard due to the low temperature of fuel cells and 
the absence of polluting and/or soiling elements. It is believed that outboard exhaust is appropriate and 
will minimize the space required for the exhaust system. The absence of moving parts and of combustion 
also allows straight exhaust without silencers which greatly contributes to the total space occupied by the 
exhaust systems of conventional machinery. The feasibility of underwater exhaust and/or of wet exhaust, 
should also be examined since it would further reduce the infrared signature. It would, however, create 
a back-pressure in the fuel cell exhaust system that may not be suitable for the optimum performance of 
the fuel cell. The purpose of discharging the exhaust in small increments (by zone) at several locations 
is to reduce the thermal signature of the ship. 

Seawater for cooling and fire-fighting is pumped into a local seawater main, from which the fuel cells can 
draw as required, i.e., the main is pressurized so that flow is controlled with valves at the fuel cells. 
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Therefore, each of the six zones has its own sea chest. The sea chest will be flush and designed so as 
to minimize appendage drag. The fuel system functions in a similar manner as the seawater system. All 
systems are interconnected to allow for operation of an adjacent zone in case of damage or failure, but 
each can operate independent of all other zones as well. 

HULL STRUCTURE 
HULL MATERIAL: COMP!lSITE (SRNDWICH) 

SUF'ERSTRUCTURE i#TERIRL: CCiWPOSITE (SRNDWICH) 

DISCL.*LENGTH/BENDING MOMENT : El. 56 
BENDING MOMENT : 144. MNrfl 1%. lillbft 

TRFINSVERSilL FRFlME SC!XING : ?272. I61 33. in 
LOfNGITlJDINRL FRAME SPACING : 303. Ml 36. iii 

REDLURED BOTTOM SKIN THIEKNESS :ZO.P! MI ,313 in 
MINIMUM SKIN THICKNESS : 4. 45 rimi ,175 in 

BOTTOM SKIN THICKNESS : 20. 8 1 rim ,813 in 
EOTTCM CORE THICKWESS : 104. 02 6767 4.036 in 
MRIN DECK SKIN THICKNESS : 2. i4 rdrfl , 320 in 
MRIN DECK &ORE THICKNESS : 40. 70 676l 1.502 in 
HULL SIDES SKIN THICKNESS : 14, 71 rm ,573 in 
HULL SIDES CORE THICKNESS : 73. 56 rdrfl 2.936 in 
HULL DECKS SKIN THICKNESS : 4. 45 rmfl .175 in 

HULL DECKS CORE THICdNESS : t_"? 23 rflrfl . .a75 in 
BULKHERD SKIN THICKNESS : 14. i? rim . 5% in 
BULKHEM CORE THICANESS : 70. i? rim ?.780 in 

MIDSHIP SECTION INERTIFI : 22, ?(I rK'4 2653. ft.^4 
MIDSHIP DECKIEOT# STRESS : 31. MFa 4485. psi 
MIDSHIP DEFLECTION : 54. 80 rm 2.157 in 

Figure 3-19. Results of Subsystems 

Table 3-9 

Hull Strength Comparison 

Hull & Sup Material 

Overall Length (m) 
Design Speed (kts) 

Ship Displacement (LT) 
Hull Weight (LT) 

Nominal Stress (Midship)* (psi) 
Nominal Deflection (Midship)* (in.) 
Ratio of Deflection to Steel Hull 

‘Under Normal Loads 

GRP (Single 
Steel Aluminum Skin) GRP (Sandwich) 

134 134 134 134 
38 38 38 38 

2100 2100 2100 2100 
1092 830 738 678 

10,650 4825 4175 
0.339 0.451 2.321 2.008 
1 .oo 1.34 6.89 5.96 
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Both the 5-inch electric gun and the CIWS are pulse powered weapons. ETC technology is based on the 
application of a high voltage, high current pulse to a specially designed cartridge case. This pulse is 
applied to an ignition substance which changes phase into a hot plasma which facilitates the burning of the 
secondary fuel, the propellant. Thus, storage and handling of the ammunition is much safer, since 
combustion of the propellant is dependent on an electrically induced plasma. Furthermore, the potential 
to regulate the burn rate by controlling the shape and intensity of the electrical pulse allows more efficient 
acceleration profiles resulting in higher muzzle kinetic energies with lower peak pressures in the barrel. 
Propulsion power is temporarily diverted from the propulsors to the appropriate pulse forming network 
(PFN) for the necessary amount of time, on the order of a few seconds. Once charged, the PFN 
discharges the power to the gun in the required shape and time, on the order of a few milliseconds. 

Fiber optics are used for communications and data processing. This allows for more reliable communica- 
tion was well as eliminating electromagnetic interferences. It may also be envisioned to build a network 
of fiber optics embedded in the structure itself in order to collect information from sensors throughout the 
ship for damage control purposes. 

Six remotely piloted vehicles (RPVs) for over-the-horizon targeting (OTHT) and support equipment are 
carried by the HIGH TECH SHIP. The RPVs are of the long endurance (~-4 hours), low speed (~250 kts) 
type and carry video, radar and secure communication links as payload, with no deliverable payload. The 
RPV landing platform is at the stern on the ship. Forward of the landing platform is the hangar, and 
adjacent to that is a workshop. Above the RPV hangar is a helicopter landing pad. A fuel system is 
present to supply both the RPVs and helicopters with JP-5. 

The principal auxiliary systems will incorporate the following specific features: 

. Due to the low manning requirements of the HIGH TECH SHIP, the volume of accommo- 
dation spaces that need to be air-conditioned is greatly reduced. However, the large 
amount of electronics found throughout the ship will offset, somewhat, this advantage by 
requiring improved ventilation if not air conditioning. 

. Note that ventilation of machinery spaces is expected to be of smaller magnitude than for 
conventional machinery due to the low volume of air required by fuel cells compared to 
combustion engines and gas turbines and also due to the low operating temperatures 
resulting in low radiated heat. 

. The firemain is kept pressurized by electrically driven pumps. All auxiliaries are to be 
electrically driven (DC power) in order to allow the elimination of costly, heavy and 
relatively fragile hydraulic overhead systems. 

. Fresh water is generated by the fuel cells and may be used for sanitary and drinking water. 
Since the amount of water produced would depend on power as well as other operating 
parameters, this would be a complimentary production. A reverse osmosis system would 
still be required and/or a storage capability. 

. Fuel tanks are present locally in each section in order to make those sections self- 
sufficient. However, fuel transfer from one section to the next is necessary to provide 
flexibility of use of the fuel cell plant as well as ballasting capability. 

. No compressed air system is needed in the absence of diesel and gas turbine engines. 

. Fire-fighting requirements of machinery rooms may be reduced since the operating 
temperature of fuel cells are lower than that of combustion and gas turbine engines. 
Providing that the temperature of all exposed parts is low enough, it is possible that ignition 
of spilled fuel oil will be prevented in case of rupture of a fuel line which is likely to be the 
worse case scenario. Although the operating temperature is not yet finalized, the prospects 
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of avoiding the need for halon (or equivalent) in the fire-fighting system is envisioned for 
the HIGH TECH SHIP. 

. Steering, reversing and roll stabilization are provided by the waterjet steering and reversing 
gear. It is envisioned to use the steering nozzle rotating around a horizontal axis as a 
more efficient mean of controlling roll motion by orienting the waterjet up and down as 
required. 

Manning requirements of the HIGH TECH SHIP have been anticipated to be drastically reduced compared 
to today‘s conventional Navy ships. The reasons for reducing the crew size are obvious. A great number 
of systems such as air conditioning, utilities, accommodations, etc. are driven by the crew size, thus a 
reduction of the manning requirement has a significant impact on the ship weight and cost. 

The goal was set to a reduction by more than two-thirds from current levels. A 2100-LT ship is currently 
manned, typically by lOO+ crew members. The HIGH TECH SHIP is to be manned by 30 crew members. 
Given the length of the HIGH TECH SHIP, this reduction may seem even more drastic (the HIGH TECH 
SHIP has the length of a destroyer typically manned by 250 to 300 crew members). However, it is believed 
that length should not be looked at for comparisons because of the specific geometry of the HIGH TECH 
SHIP. 

The means used to reduce manning are multiple. First, and above all, a high level of automation of the 
ship auxiliaries, damage control system and machinery control systems is to be incorporated into the HIGH 
TECH SHIP. Distributed auxiliaries and distributed service power allow each section of the ship to be 
controlled locally by computer stations. A centralized station is also needed in order to provide global 
management of the ship’s systems, especially for damage control operations. All communications, both 
between personnel and between computers, are made through optic fiber networks. 

Neural networks are to be used to control the ship systems and provide rapid diagnostic as well as 
reconfiguration of the vital system in case of combat damage. 

Embedded sensors throughout the ship detect and feed the information to the damage control system such 
as presence of water, smoke, fire or structural failure in any given location without delay. 

Fire-fighting requirements are expected to be reduced by the use of fuel cells. Machinery spaces will not 
need to be manned except for the local control stations. 

It is similarly envisioned to integrate all weapons and sensors into a comprehensive combat system neural 
network that will allow control of the ship’s combat system by a reduced number of crew members. 

The HIGH TECH SHIP is expected to resemble, in many respects, a combat aircraft where only the 
essential information is conveyed to the pilot in order for him to concentrate on his task while a number of 
subsystems are self-managed. 

3.6 Manninq Requirements 

The intention of this project was to determine what effect reducing the manning would have on a cotvette- 
sized combatant, and not to determine how such a manning reduction is to occur. It seems desirable, 
however, to show that the manning proposed is not unreasonable and to give some suggestions as to how 
it might be accomplished. The purpose of this section is to outline a possible functional manning 
breakdown for the HTS. 

The current HTS design calls for a crew of 30. Figure 3-20 shows ship complement size as a function of 
displacement for modern surface combatants. For the purposes of this graph, a surface combatant was 
loosely defined as a vessel over 100 long tons that had at least two types of weapon systems, including 
guns, torpedoes, missiles, mortars, and depth charges. As can be seen from Figure 3-20, the High Tech 
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Ship, which is in the range of 1500 to 2100 LT, would normally have a complement of 90 to 110. the 
CORVETTE 2100 BASELINE (Reference 2) was designed with a complement of 100. Thus, the f-ITS 
project aims at approximately a 70% reduction in manning. 
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Figure 3-20. Complement Versus Displacement 

The first obstacle to achieving reduced manning is to overcome the conventional wisdom belief that more 
is better. Typically, the larger the ship and the more personnel aboard, the more important the ship is 
considered to be. 

The second major obstacle is that everyone on board will have to “get their hands dirty,” so to speak. This 
may even include the Commanding Officer, who may have to do a task such as standing watch on the 
bridge. 

Automation 

The greatest potential for reduction in required manning is through the use of automation. Care must be 
taken so that the automation devices used are not self-defeating in that the simple labor they replace is 
not offset by demands for more maintenance. 

The fundamental ingredient in the brain of the HTS is artificial neural networks (ANN). The human brain 
is a powerful pattern recognition processor, both visual and oral, whose basic processing element is the 
neuron. Synapses are the weighted interconnections between neurons that permit learning and 
communication between the neurons. Artificial neural network technology attempts to mathematically 
and/or electrically model neurons and synapses and the interconnect these models in architectures suitable 
for signal processing tasks. 
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ANN processors have three unique characteristics. The first characteristic is that they are non-linear 
processors. The second property is that they are trained, not programmed, to accomplish processing tasks 
in a manner analogous to the way the human brain learns. Learning is accomplished by modifying the 
synaptic weights of each artificial neuron until the final desired system response is achieved. The ANN 
architecture can be configured so that the processor can learn from experience and thus perform its task 
better each time. The final quality is that they are massively parallel processors, which permits 
simultaneous processing of large amounts of imaging sensor information in real-time. 

ANN technology is particularly suited to pattern recognition, speech recognition, machine vision, robotics, 
and optimization signal processing tasks. For the HTS, applications include sonar target discrimination, 
automatic target recognition, autopiloting, and damage control. 

Maintenance 

A large share of shipboard labor tends to go into maintaining the equipment in proper working order. There 
are many ways in which this requirement can be reduced: by installing components of greater reliability, 
by installing redundant components, preventive maintenance, making maintenance easier, and by reducing 
wear and tear on equipment in the form of vibration, temperature extremes, etc. A combination of these 
techniques are envisioned for reducing the on-mission maintenance demand for the HTS. 

For example, take the power production. The HTS will have approximately 34 identical 1 MW fuel cells 
to produce both propulsion and ship’s service power. A typical machinery arrangement might have two or 
four high-powered propulsion engines (for the two-shafted ship) plus several ship’s service generators. The 
standardization of components (pumps, motors, etc. to support each plant) achieved with the many, small 
fuel cells will be beneficial. Fewer spare parts are required and familiarity leads to faster repairs. Also, 
the components are smaller and easier to handle than if the plant consisted of fewer, larger power 
producers. And finally, if for some reason one or two of the fuel cells do become inoperable, the ship still 
has 97% or 94% of full power available, respectively. 

Navigation, Control and Communication 

The proposed functional manning breakdown of the 30-man crew is as follows. The vessel will have one 
commanding officer and one executive officer. The operations crew will consist of three officers, three chief 
petty officers (CPOs), and three enlisted. Their jobs would include basic vessel control, navigation, and 
communications. The engineering department consist of one officer, two CPOs, and three enlisted. The 
engineering department’s main task is to keep the machinery operating. The combat system crew contains 
one officer, two CPOs, and six enlisted. The combat system crew will be responsible for manning the CIC, 
firing and maintaining the weapon systems, and maintaining the RPVs. The support crew ill consist of one 
CPO and three enlisted. Their tasks would include supplies, messing, and general maintenance. 

A typical watch would consist of the following: 

Operations: 1 Officer, 1 CPO, 1 Enlisted 
Engineering: 1 Officer or CPO, 1 Enlisted 
Combat Systems: 1 Officer or CPO, 2 Enlisted. 

Each watch would serve one four-hour shift and then have two shifts off. The support crew would each 
work a more normal eight-hour day and rotate between messing and maintenance tasks. 

When the ship is in a combat situation, a second watch and/or the support crew would be on standby. This 
standby watch would be used to help load weapons, fight fires, etc., when necessary, but probably not as 
continuous duty. Of course, if the third watch was required, it would be called upon as well, such as if ship 
survival was at stake. 

35 



3.7 Environmental Considerations 

The HIGH TECH SHIP has inherently environmental “friendly” features that result from the technologies 
used in its design. They include the following in particular: 

. Low emission engines - Fuel cells are non-pollutant power generation plants. They reject 
no toxic nor ozone sensitive gases. The main byproduct of the fuel cell is water. In 
addition, the low exhaust temperature and noise are also less likely to perturbate aquatic 
life as well as other wildlife or, in coastal areas, human life. 

. On-line systems for real-time monitoring of ship discharge is fitted on the HIGH TECH 
SHIP. 

* Low pressure, low temperature catalytic thermal destruction of liquid waste streams will be 
used. 

. The absence of mechanical, moving parts inherent to fuel cells will eliminate most of the 
lubrication needs, thus leading to virtual elimination of air polluted bilge water to be 
discharged overboard. 

. Short lived bilge detergent will be used to reduce the impact on the environment of their 
discharge overboard. 

. Non-plastic substitute packaging for food and/or plastic packaging with controlled 
degradation in seawater will be used. 

. Non-polluting hull-coating will be used on the HIGH TECH SHIP. 

. Absence of VOC paints due to the use of composites for hull and superstructure. 

. Non-ozone depleting materials will be used for: 

Substitutes to Halon for fire-fighting agents 
Solvents for critical cleaning applications 
Substitutes for CFC refrigerants. 

. Non-fouling coatings for CHT tanks and sewage piping will be used. 

. Non-invasive sensors for scale building in sewage piping will be used. 

. Waterless shower, laundry and dishwasher technologies will be used. 

. Shipboard sewage treatment technology will be used. 

. Real-time sensors for PCB surface contamination will be used. 

. Real-time on-site cleaning/encapsulation of PCB contaminated surfaces will be used. 

3.8 Combat System 

Although little information was available yet regarding the pulse power weapons, it was assumed that the 
5inch electro-thermal gun and the 60 mm CIWS would be of equivalent weight and space as their 
conventional counterparts, the 5inch MK45 gun and the Phalanx CIWS, respectively. Figure 3-21 shows 
a comparison of the 60 mm ET CIWS and the Phalanx. 
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Figure 3-21. Phalanx and ET 60 mm CIWS 
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Similarly, conventional state-of-the-art radar and sonar systems are assumed, but they are intended to be 
replaced by high performance future sensors as will be available in the required timeframe for the 
development of the HIGH TECH SHIP. 

A typical weapons suite that fits the design requirements of the Appendix A payload description is shown 
in Table 3-10. 

Table 3-10 

Weapons Suite 
,ZISS!CN ; ‘Jam -y;, $H$ 
Year : vzsj, 

TOTCL PPYLWJJ 
ne1gnt (LTI czt (IHI 

TOiRL PRYLORD 
12.71 80.647 
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The payload weight is shown broken down by SWBS Groups in Table 3-l 1. These weights were used as 
inputs to the design procedure. It is recognized that the actual weights will need to be refined as more 
information becomes available concerning the weapons and sensors. 

Table 3-11 

Payload Weights 
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Details concerning the Pulse Forming Network (PFN) were found in References 5, 6 and 7. In particular, 
the PFN characteristics of Table 3-12 were used in the HIGH TECH SHIP design. 

Table 3-12 

PFN Data for Combined 5-Inch Gun and CIWS 

Component 

2 x lnverters 840 
2 x Transformers 11,025 
2 x Rectifiers 2,750 
6 x Cable 15,515 
8 x CIWS PFN 1,890 
1 x 5lnch PFN 2,940 
Auxiliaries for PFN 1,450 

Weight 
(lb) 

Volume 
(cu ft) 

14 
60 
49 
42 
170 
28 
60 

Total 36,410 423 

Note that the voltage required to form the pulse is 15 kV (about ten times what is available), thus 
converters are required, which were incorporated as part of the weight and volume listed in Table 3-12. 
The power requirements have been considerably reduced from early predictions of 12 MW for the 5-inch 
gun (see Reference 6) down to only 3.5 MW (Reference 7). Thus, the impact on ship performance when 
firing the gun is neglectible. 

The centerpiece of the HIGH TECH SHIP weapons system is its 5-inch ET gun which will allow firing of 
“smart” shells at distances of 60 nm in its over-the-horizon anti-ship or shore bombardment role. Over-the- 
horizon targeting information is to be obtained through RPVs. Six RPVs were fitted on the HIGH TECH 
SHIP in order to ensure at least two are on-station at any time when needed (the others being either 
refueled, on their way or in maintenance). The ET gun will provide, therefore, the equivalent of anti-ship 
missiles such as harpoon missiles, but in greater quantity (600 shells, for example) for a much smaller 
volume/weight and without the inconvenience of very flammable propellants that are part of the missiles. 

Harpoon missiles in vertical launch tubes were also fitted on the HIGH TECH SHIP only as a “back-up” 
system in case of unavailability of the ET gun. However, it may be envisioned to replace them by less 
capable, less expensive missiles. 

The ET 5-inch gun may be used also for small targets such as patrol boats since the shell cost is very little 
compared to the cost of a harpoon missile. 

In close range fire, it is envisioned that firing range may be controlled electronically by controlling the pulse 
power thus allowing the gun to be kept at the same firing angle, whichever role it is used for. 

3.9 Weight Breakdown and Volume Summary 

A summary weight breakdown is shown in Table 3-13. Note that the fuel cell weight was accounted for 
in the electric plant since propulsion and ship service power are integrated together. The combat system 
weight was based on conventional weapons as was described in Section 3.7. 

The detailed weights for the various SWBS Groups 100, 200, 300, 500, 600 and loads are detailed in 
Tables 3-14 through 3-19, respectively. 

The volume and space breakdown summary are shown in Table 3-20. 
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Table 3-13 

Summary Weight Breakdown 

SHIP UEIGHTS SMMARY (IN LT) 

SUES100 WEIGHT 674. 
SWSS200 WEIGHT : lG> AL. 

SUEMOO WEIGHT a3. 
SUBS400 WEIGHT 44. 
SWESJ'OO WEIGfiT : 123. 

SUE&'600 WEIGHT 112. 

SUBS700 UEIGHT : 63. 

DESIGN @iRGIN 143. 

LIGHTSHIP WEIGHT : 1571. 

, 
FUEL WEIGHT 431. 

LDRDS WEIGHT : 2. 

FULL LOFiD WEIGHT : 2033. 

SERVICE MRRGIN 203. 

MX LI:ETIK WEIGKT : 2302. 

Table 3-14 

Detailed Weight for SWBS Group 100 

cETTRILED YE!GilT 5WDCUN (!H LT) 

SVBSlOO BilEW(DGM: 

sxs 111 is?1 ST2 ) IA . r;g* 72 

SUBS 114 lF.FPEHDGGES) !.ii 

SUBS II0 wLl STRLKT) tj?. 2 

?rlBS I?0 (BULKHEfiGs 72. Oi 

S%S 131 W!lN DECK) 45 :4 .1 

SUBS 1% (SECIVD CECW 4.31 

SVE 130 OWL "Ems) ,I Y 3.35 

SW 140 !PATF.AFLTS) !5??.64 

WE3 i5O (DECXXJJSE) 2.44 

CUBS 154 (WC. STR.1 i I 54.63 

?,iffi ii0 (MST9 l.c.2 

SUBS 1% (GZ FOUND.) 4.57 

SUES 183 (GR3 FOUND.) t3.z 
SUffi 134 (GR4 FGUND.) 1.20 
EuE5 135 (GR; FWND.) 6. J? 

SUES 186 (626 FDUW.1 1.54 
Swffi 197 1GR7 FGUND.) , '33 

%BS 180 ~FOUNDATiENS) 3.54 

SWBS l?l EOCID BFILST) , 00 

YSBS 1% (S?XC. PUW.) 30. a0 
SUE 100 ITOTW iiS. 36 

41 



Table 3-15 

Detailed Weight for SWBS Group 200 

DETRILED WEIGHT BREFIKDCWN (IN LT) 

SWEISZOO BREAKDCIWN: 
SblBS ;'?4 (FUEL CELLS) , (I(1 

r '2 SWPS :iO !ENERGY GEN.) # 00 
SWPS 233 (DIESELS) . 00 
SWBS 234 (GRS TURB.) ,('(I 
SWE1S ?35 (ELEC.PROP.)* 6&Z! 
'SWPS 230 !F'R@P. UNITS) 63.21 
SWBS 241 (RED. GEIARS) , (!(I 

SWBS 243 PROP. SHRFT) 27.34 
SWBS 245 (FROPELLERS) * 00 
SWBS 247 (WRTERJET:;! 52.44 

SWEG 240 (FROPULSORS) 60.23 
SW!3 Xi (SLJPRT SYS , ) . (I(1 

SWES ?60 iFUEL SYS.) . Oil 
SWBS 238 (WRTER ENTR.) 45.32 

SWES 233 (TOOLShPRRTS) 3.13 
SWE;S 230 (SPEC. F'URP.1 48.51 
SWffi Xti (TOTAj 1yz. S(, 

*ELECTRIC PRDF'ULSIDN GENERRTORS WEIGHT . 00 

ELECTRIC FRCPULSION POWER TRFiNSittISSIOii WEIGHT 10.5'2 
ELECTRIC PRDFULSION MOTORS WEIGHT 223 

Table 3-l 6 

Detailed Weight for SWBS Group 300 

DETFIILED WEIGHT BREFiKD@WN (IN LT) 

SW%XQ FREAKDOWN* . 
SWES 310 (GENERRTORS) 152.65 
SWES 21 (FWR rRBLES) 2 6.62 
SWES 323 (CFISLTY CfJBL) i.16 
SWBS 224 (SWITCHG , QF'L) 11.76 
SWBS 320 (DISTRIBUT.) 13.54 
SWES 521 (LIGHT. SYST) 4.01 
SWES 332 (LIGHT. FIXT) 3.01 
SWBS 220 (LIGHTING) 7.03 
SWFS 340 (SUPPT SYS.) 27.12 
SWBS 330 (TOOLSCPFIRTS) z.35 
SWBS X0 (TOTAL) X)3.?? 
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Table 3-17 

Detailed Weight for SWBS Group 500 

SW500 EREZKDGUN: 

SWK 510 XLIMRT CT%) 16.06 

swas 521 (FIRE i%iIN) Z4.66 

SMS 520 GER '&TEA) 37.76 

SW53 530 (FRiskI WRTE;l) 4.72 

SWBS 540 (FUEL h illbE) 15.33 
SWBZ 53' . KGCF' , . RIR) , 01) 

SMS 555 #WIN SYST.) b.& 

S’WTX %I iRIR GAS PlIW I I” 5.85 

SWK 561 ISTEERiXG) i. 13 

SW% 562 (RUDDERS) I 00 

SdBS :65 (FINS STFiR.1 , (10 

Stlbs 53 K3iIP CTRL) 7.13 

SdBS 570 (REPLENI%l.) 7.03 

WS 231+53? IMOORINGI &. 15.06 

SXG :a; (BOFITS) ?. 30 

SWLS =86t:a9 (RICRFTI I 2.00 

SW85 580 !HANDLING) i9.36 

SUBS 5’30 (SPEC.PURP. ) 12.88 
SWBS 30 iTGTGL) 1.7 h-l I 94 

Table 3-18 

Detailed Weight for SWBS Group 600 

'sii2300 ERWKDCliN: 

?:'BS 510 ~FII'W65) S.jj 

SW? j?! !BLI..MEQDS) i2.14 

sms 622 (FLOORSt 13.20 
s1;T3 523 !LaDCERS) 5.27 

SIBS 024 (CLO3URES) Jl.61 

32s 625 (PORTS) .41 

s'riss 63 !cokPRRmEv) 42.62 

Ns; 631 I!?AINT) 6. 48 
SW 633 ICRi%OD.CROT) .3 

24x 63 (CECX COVRNGi l4.& 

SiiBS 63; (INS'JLRTICN) 3. ?! 

Sh; S&t637 (DfWPING) 2. 73 

sm 639 (REFRIS.) .46 

SUE 63 !PRES.6 COV.) 32.73 

%2S 640 iLWTN6 I.. SFR . 1 2.53 

S&S 653 iSiRW SP!X) 6. zo 

WS 66d MORYNG SPFI.) i 10.50 
SUE 670 (STCUGE SX.) Il.46 

WE 630 (sm. FURP. i 1.11 

Sw8s 520 (TOTfiLl 111,s 
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Table 3-19 

Detailed Weight for Loads 

DETFlILED WEIGHT EREAKDflWN (IN LT) 

LORDS BREfiKDOWN: 
FlO (SHIPS FORCE) 3.01 
F?O iMISSION E)'PPND ) I I . 37.37 
F30 (STORES) 4.X) 
F41 (DIESEL FUEL) 469. 06 
F42 (JP-5 FUEL) ?.5(l 

F46 !LUBE OIL) 4.83 
F49 PETROL LIOUIDS) 467.33 
F50 (OTHER LiQUIDSI 10. 25 

F00 iTOTRL LORDS) p.31 

Table 3-20 

Volume Summary 

BELOW DECK VOLUME 

!TBNKRGE VOLUME 
SUPERSTRUCTURE VOLUME 
TOTRL VOLUtiE 

SPRCE EREAKDOWN 

MILITRRY MISSION 
LIFE SLJF'WRT 
SHIF' SUF'PORT 
MFiCHINERY 

PFIS%GES 
UNflSSIGNED 

TOTFlL RRER 

COMF'RRTMENTFITION: 

35655. FT"2 

NUMBER OF WFITERTIGHT BULKHEADS: 12. 
NMBER OF DECKS 5.237 (4.000) 
NUMBER OF SS DECKS ,072 ( . MN) 
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3.10 Performance 

The performance requirements were set as part of the design requirements of Appendix A. 

The drag calculations are shown in Table 3-21 for the full-load displacement. Note that the data base used 
to calculate the drag was derived primarily from more conventional hullforms (length-to-beam ratio less than 
10.0). However, some data from catamaran sidehulls with length-to-beam ratios of 11 to 13 were also used 
in generating the drag predictions. It is believed, however, that model tests should be conducted to provide 
adequate performance predictions including, in particular, seakeeping predictions. 

Table 3-21 

Drag Calculations 

PR@JECT :HIQl TEEW aHIP 

speed froude t Fric. drg Ressld. drg Rppn. drg drg reargIn Tot drg drg-to-wt 5.w 
(kts) (lb) (lb) (lb) (lb) (lb) rat10 (hp) 
0. ,oa 0. 0. 0. 0. 0. .000CO 0. 
1. ,014 112. 6. 47. 13. 178. .m4 I. 
2. ,028 412. Z-6. 138. 46. 6.2. .om13 4. 
3. ,043 a%. 63. 2&l. Y7. 1304. .ociPa 12. 
4. ,057 l’Z2. 113. 4oa. 161. 212. .00047 27. 
5. .07i 2m. 137. 578. Z48. m2. .m71 51. 
6. ,085 x75. 300. 768. 347. 4690. .oQlW 86. 
7. .un 4384. 431. 377. 463. 6255. .00133 134. 
a. .I14 5t%. 532. 1203. 595. 8037. .00171 137. 
9. . I29 im. 787. 1446. 743. 10034. .m14 277. 

10. ,142 &19. 1017. 1705. YO7. 12248. .00261 375. 
Il. * 1% IOxZ7. 1286. 1975. 1087. 14673. .00313 4%. 
12. ,170 12181. 1597. zz67. 1294. liS?Y. ,w370 63a. 
13. ,185 !S!Si. 1951. -3. 14%. 20137. .00431 ao6. 
14. ,199 lEx5. 2488. 2884. 1736. 2x2. .cc500 1007. 
15. ,213 18611. 333. 2712. 2029. 27387. .00584 lz61. 
16. ,227 21040. 47776. 3553. 23%. 31713. .otwl 1555. 
17. .241 23611. 6223. sax. 269¶. 56439. .wm l?Ql. 
la. . 2% 26ZZ2. 7887. 4271. 3078. 41Z& .ooe& ,236. 
19. ,270 z-3173. YTE 4647. 3483. 47083. .OlQwl 2746. 
a. .?a4 2164. i 1833. 5035. 232% 53u25. .01131 x35. 
21. .,3i3 3233. 14234. 5434. 4339, 53390. .01x7 3928. 
22. ,312 38561. li??l. 5843. 4%. 67312. .01436 4546. 
23. .327 41367. 21m. 62% 5553. 73344. .Olu)l 5.38. 
24. .341 45509. 24459. 6694. 6133. 527Y5. .01766 6059. 
25. .a5 43189. 23194. 7135. Em. 95873. .OlPL? 659Q. 
26. ,363 53005. LZfllO. 7’;85. 6376. Y4176. .0200¶ 7516. 
27. .zJ 569%. 3x6%. ao46. 764x. 102676. .021% 8510. 
28. .a7 61043. 3-x55. asl6. a.37. 111471. , oz37a YSal. 
a. ,412 65265. 37490. 89%. 8740. 120692. .E574 10744. 
30. ,426 6%22. 41733. 9485. 9667. 13wl7. .02784 ma. 
31. .440 74113. 4?55&?. 993484. 10454. 141133. * 03010 13430. 
2.2. .454 78738. 5zzai. 10491. 11321. lP831. , 0264 lSl2. 
33. .46a 93437. 53123. llcca. L2z-33. 165917. .03x33 16807. 
3. .4a3 98388. 64z72. 1153. 13135. 177X?9. .0370z 18507. 
35. ,497 33413. 70111. 12067. 14057. 1896-x .04045 20374. 
36. ,511 98570. 7E-?4. lz610. 143x LW473. .04319 2z374. 
37. *z-z 10386o. m3. 13162. 15988. 215340. .04604 24514. 
38. .m m2al. 89729. 13722. 17019. 2Z9751. ,049x 267T3. 
A. ,554 114azs. 37001. 14.30. 18090. 244zl6. .05209 25236. 
40. ,564 lzo519. 104656. 14s. lY203. zw45. .055X 31831. 
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Details of the ship performance can be seen in Table 3-22 where drag, propulsive coefficient, propulsion 
power, specific fuel consumption and range, in particular, have been calculated for various 
speed/displacement rations of interest for the operations of the HIGH TECH SHIP. 

Table 3-22 

Ship Performance 

K!X FIJ DES I GN XRX OF'ER SIK'TRIND CXRRTING OPERRTING OFERRTING ZErn 
SqEa EFEED SPEED SFEFIJ SXED Xl $f;D #,J SEE0 $3 SFEEil 

SPEED/PCIXR R.%FMMCE 

DISRQCEXENT (LTI m3. m3. 1863. 1862. 1363. 1363. 1e5.z. !  363. 
SXS (KTS) 38.61 3.00 a. co 37.37 40. GO 2G.W 15. w * co 

DRRG (LB) m270. -‘??4.37. 3:31. $536 . . 2x533. 43164. xac 0. 

ES POWER !I+) 34 1, 25763. ?$p3. 23331. ;zqy 3oia. II??. 0. 

F'ROFULSIVE CCEFFIC!ENT 
F~%JOF'ULSOR EFFICi5KV .s.58 I S66 ,672 .666 , b/L --ii .:'3? .:55 , (XKI 

HlLL cFF!c!;NcY 1 . 053 . !.053 1.01 1.053 !.353 1 . (1’3 ., I.052 .Goc 
TRRNSMISSiCN ECFiCIENCY ,360 ,380 .3ao ,380 . '3eo ,390 . se0 . cozl 

X'XUSIM CCEFF!CIDdT . 583 .537 ,534 .&a7 .6?4 ,611 .f33 . 000 

POWER F;ND F&L CCNSUblPT:C~ 

P#EA FLRNT CONFIGURRTION EL FL EL EL EL EL EL EL !SS6) 

DIESEL XOl7ASICiN POWER (HP) ! I  * 0. 0. 0. 0. u. 0. '0. 

DIESEL ENGiNES SFC LB/W/SR) . OOG . 000 , (I'?0 , coo , C(~G , '000 , COO , coo 

GUS TURBINE PROP. POWER (HP) 0. 0. 0. '0. 0. 0. 0. 0. 

6% TURNINE SFC tLB/HP/HR) . Coo e coo ,000 , '000 . GO0 . C~jo . 000 . COO 

ELECTRIC FilOP. POWER (KW) 30576. 2063. Xi?. 2593 1. 30573. 3637. i%. u. 
PROP. GiNSETS SFC tLB/KW/HR) . LX0 . COG , 300 . ow . COO ,000 ,000 ,004 

TOTRC FROPIJZICN F&'ER (HP) 41403. 23j67. 414!3. 3200. 41412. 4333. X67. 0. 
TOTX PROCVLSiON PLMR (KU) ZO631, 23366. 30834. ~525% 3633. X25. 1542. 0. 

SVG E'LECTRIC LORD (Kk') 533. s-3. 5z3. 53 3. 533. 23. 533. ‘,3?. 
SERVICE GENSETS SFCUl/KW/HR) ,328 *JAI .-- ,338 ,337 ,333 ,334 .334 ,223 

WWdL R'S FUEL 036. (LBIHR) 1'1516. ?397. iC517. j14’3 , L. 10516. 1410. Ed!. 177. 

RRNGE RN3 ENDURANCE 
REQUIRED ENDUfiANCE !HRSI VR Na *cc . 30 i5. CE . co 66.67 d.5a.jo 

REWIRED RRNGE (NM) NR NR 0. 0. 3001. 0. 1000. 1' 1 . 

MRXIMUM LVDUM (HRS) NR NU 93.08 104.77 a3.03 664.51 1375.38 5237. a5 

M&!XIML?l ?&GE iN?l) NR NR 3c%3. ma. X63. I PT. 3640. 0. 

It can be seen that the range of the HIGH TECH SHIP at 20 kts is more than 13,000 nm because the 
requirements were for design range to be achieved at the top speed of 40 kts (3000 nm). However, 
because of the fuel efficiency of the fuel cell plant, the proportion of fuel carried by the HIGH TECH SHIP 
is comparable to that of a conventional ship. 

The seakeeping performance of the HIGH TECH SHIP cannot be assessed without model testing because 
of the non-conventional hullform used. However, the following premises may be offered concerning that 
aspect of the design: 
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. The high waterline length will provide a large pitch stiffness to the HIGH TECH SHIP. 

. The wave-piercing bow is expected to provide smooth passage through head seas. Where 
a conventional hullform would likely slam in heavy seas, the HIGH TECH SHIP should cut 
through the waves without sudden vertical accelerations. 

. Roll motions on the other hand may be expected to be a delicate issue with this hullform 
although resonance should be encountered for relatively small sea states due to the small 
beam. However, what makes this hullform less stable, also makes it easier to stabilize by 
the action of waterjet steering control similar to the rudder-roll technique used with propeller 
driven vessels. The waterjet may actually be expected to provide greater stabilizing forces 
than rudders, especially at low speed. The stabilizing effect may be further improved if 
vertical control of the steering nozzle is provided. 

Stability is undoubtedly an issue with the hullform selected for the HIGH TECH SHIP. The calculations 
made so far for an estimate of the vertical center of gravity and metacentric height lead to the conclusion 
that adequate stability will be obtained to sustain typical U.S. Navy criteria such as 1 00-kts lateral wind (see 
Table 3-23). Damaged stability calculations, however, have not been conducted and would need to be 
investigated as soon as possible in the next design. 

Table 3-23 

Stability Characteristics 

VCG LIGHTSHIP 
VCG FULL LDRD 
VCG FULL LORD - MRX LIFETIME 
LIGHTSHIP tiETFiCENTRIC HEIGHT (GM) 

FULL LORD METRCENTRIC HEIGHT (Girl) 
END OF LIFE METFICENTRIC HGHT (GM) 

MINIMUfl METFiCENTRIC HEIGHT (GM) 
US NAVY CRITERIR FOR 100 KTS WIND 
US NilVY CRITERIR FOR 90 KTS WIND 
JFlPFINESE CRITERIR FDR 30 KTS WIND 
IMO CRITERIR 

4.7? id 
3.88 M 
4.18 M 

.32 M 
1.77 M 
1.46 M 

1.23 M 
.83 fi 
.13 M 
.11 M 

CRITERIR F&S 
15.5 FT 
12.7 FT 
13.7 FT 
3.0 FT USN 8Okt.s yes 
5.3 FT USN 1OOkts yes 

4.8 FT USN 80kts F 

4.2 FT 
Z.7 FT 

.4 FT 

.3 FT 

It should be noted that acceptable stability is obtained by the fact that all accommodations, weapon 
systems and auxiliary systems have been located within the hull. No subsystem was left protruding over 
the main deck except for the pilothouse and the detection/communication sensors which are all contained 
in a relatively small submarine-like superstructure. 

The advantages of the high length-to-beam hullform with the features listed above are believed to outweigh 
the potential stability problem and deck wetness inherent to this concept. In order to validate these basic 
design features, a comprehensive model test program should be carried out. If the stability and/or 
seakeeping prove to be inadequate, some fall-back solutions may be envisioned such as: 
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. Adding lateral floats (thin, short sidehulls) to provide trimaran type configuration for 
improved stability. Those sidehulls may be retractable or fixed. 

. Adding submerged foils/fins for additional pitch control. 

. Providing wave deflectors for reduced deck wetness as part of the design of the bow. 

4.0 CONCLUSIONS 

The design of a High Tech Ship was carried out at a prefeasibility, or conceptual level. 

This design incorporates a number of new and emerging technologies that are being pursued under the 
Surface Ship Technology program or under other auspices. 

The combination of advanced technology showed that a HTS with improved performance and mission 
effectiveness would be feasible thanks to their cumulative benefits. 

The HTS design described in this report, however, is not to be viewed as a product in itself, but merely as 
a support for showing the benefits of the technologies it uses. In this respect, it is envisioned that there 
should be as many HTS as there are combinations of technologies. 

The HTS concept is, therefore, to be used as a tool for evaluating ship impact of technologies and 
combinations of technologies. 
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BAHD9 LAVES 
AND ASSOCIATES, INC. 
900 RITCHIE HIGHWAY, SEVERNA PARK. MO ‘21146 
TELEPHONE: (410) 544-2600 l (301) Xl-1030 

TECEFAX (410) 647-3411 

TECHNlCAL MEMORANDUM NO. 237A-2 - REVISION E 

TO: Jeffrey Benson, CDNSWC 

FROM: David Lavis, BLA, Inc. 

DATE: 26 July 1994 

SUBJECT: High Tech Ship (HTS) Design Requirements 

1.0 INTRODUCTION 

The objective of this task is to develop a corvette-size combatant High Technology Ship (HTS) to allow 
quick intervention in remote piaces around the world. It is intended that this design be a showcase to 
illustrate a vision of the future that would demonstrate improvements in ship affordability, combat effec- 
tiveness and survivability made possible by integrating the synergistic effects of emerging surface-ship 
HM&E technology. 

The HTS wiil incorporate a number of special measures to reduce its detectability and to improve its 
survivability in combat, The HTS will also incorporate a large number of emerging technologies under 
development through the 6.2 Block program. 

The HTS is dedicated to surface warfare missions and is expected to face a threat from mainly third- 
world/developing countries. 

The HTS is meant to be a small combatant (corvette size) that will provide an affordable alternative to a 
frigate or destroyer. However, it is not intended to replace these large combatants which will remain 
more capable in terms of range, payload and seakeeping, but to provide a complementary capability at a 
more reasonable cost. 

2.0 MISSION NEED 

2.1 Mission Requirements 

2.1.1 Primary Missions 

. Anti-surface warfare operations in limited scale conflicts. 

. Shore bombardment in support of landing operations. 

. Deployment in conjunction with a task force, or alone, as early-crisis intervention vessel. 
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2.1.2 Secondary Missions 

. Conduct and support anti-terrorist and/or commando operations. 

. Anti-air self defense against aircraft (helicopters) and against missiles (to include 
electronic warfare). 

. Anti-submarine self defense against conventional (diesel) submarines. 

. EEZ patrol. 
. Pollution control. 

Note that EEZ patrol and pollution control missions are not normally U.S. Navy missions, but were 
considered as means of making the best use of the HTS in peacetime. 

2.2 Theater of Operations 

Anywhere around the world. Potential conflicting zones are: 

. Middle East (Persian Gulf - Mediterranean Sea) 

. Indonesia - India (Indian Ocean) 

. Korea 

. China - Taiwan (China Sea) 

. Yugoslavia (Adriatic Sea) 

. Black Sea 

. South America - Central America 
. Etc. 

The High Tech Ship may be prepositioned near the potential theaters of operations in order to allow a 
quick intervention in its primary role of crisis containment. Should the policy of the U.S. Navy favor the 
regrouping of its fleet within the US. territory, the HTS would be deployed together with resupply vessels 
up to an appropriate distance from the theater of operations or would resupply in friendly ports before 
carrying out its mission. 

2.3 Threat 

The seaborne threat shall be mainly constituted by modern corvettes/frigates with a limited, but sophisti- 
cated weapons (long range surface-to-surface missiles such as EXOCET, HARPOON, OTOMAT, etc.). 
In addition, smaller vessels (such as high-speed patrol boats) will be considered since they also carry 
potentially significani offensive weapons. 

Although over-the-horizon targeting (OTHT) is not expected to be readily available to the enemy vessels, 
the HTS will have to be able to use OTHT to obtain a clear advantage. 

Land-based aircraft and/or seabome helicopters may constitute a threat to the HTS, thus anti-aircraft and 
anti-missile weapons will be required on the HTS for self-defense. 

It is also expected that, in the conflicts where the HTS will be involved, a potential threat from mines shall 
be present. As a result, reduced signatures and increased survivability are required. 

A minor submarine threat is anticipated, and some self defense capability against the threat of diesel 
submarines should be considered for the HTS. 



2.4 Tactical Concept 

2.4.1 Anti-Surface Warfare 

The ship shall use long range weapons (SSM and/or electric gun) in association with RPVs for early 
detection and suNeillance and for OTHT against major targets. Small and non-threatening targets shall 
be monitored with FiPVs and ship borne radars. Neutralization, if required, may be made using conven- 
tional guns at short range. The vessel shall use high speed to reach the area of conflict in minimum time 
and, if required, for tactical repositioning on site. A low-speed, stealth mode, shall be used generally 
while in the theater of conflict. 

Satellite communications, RPVs with secure link and passive (or, if available, non-detectable active) 
detection means shall be used to detect and monitor targets in the theater of conflict. 

2.4.2 Shore Bombardment 

Shore bombardment using the electric gun monitored by RPV video coverage shall be used to support 
land base and/or landing operations while keeping the ship at a safe distance (beyond the horizon) from 
the shore. 

2.4.3 Special Warfare Operations 

The ship shall deploy and support commando troops with RHIBs. RPVs may be used to survey the area 
of operation and provide information about the threat. Light guns (conventional) may be used to neutral- 
ize small strike boats (terrorists) at short range. 

2.4.4 Anti-Air Warfare 

Anti-air missiles and/or CiWS shall be used against aircraft and missiles threats. Detection shall be 
provided by surface - air search radars. It should be noted that, since it is expected that the RPVs will 
provide early detection of surface ships and will allow the HTS to strike before being threatened, the air 
threat would come mostly from land. However, the case of a helicopter used as an OTHT device by an 
enemy ship shall be considered. Chaff decoys (see below) shall be used as a last resort. 

2.4.5 Electronic Warfare 

The HTS shall operate in the theater of operation in a “steatth” mode, that is, at low speed (on electric 
drive) and with mostly passive systems. Radar detectors and jammers, as well as chaff decoy systems 
shall be used when required. 

2.4.6 Anti-Submarine Warfare 

Only conventional (diesel) submarines are considered here. Detection shall be provided by a hull- 

mounted sonar and neutralization shall be made by homing torpedoes. This task is only considered as a 
sei-f defense capability. 

2.4.7 EEZ Patrol 

In peacetime, the HTS may be used as an EEZ patrol vessel. The RPVs will provide continuous surveil- 
lance together with shipborne radars. RPVs may also be used to assess and monitor vessels in the EEZ 
without intercepting them by the ship itself. The RHIB and special warfare troops may be used to board 
and seize vessels when required. 



2.4.8 Pollution Control 

The HTS may also be used in peacetime to enforce pollution control laws and to coordinate pollution 
control operations in case of environmental disaster and to carry out early containment. First intervention 
equipment shall be carried as part of the vessels payload for such purposes. 

3.0 TECHNICAL CONSlDERATlONS 

3.1 Mission-Related Considerations 

3.1 .l Operating Profile 

In peacetime, the HTS will make limited use of high speed and will operate most of the time at best 
economic speed on electric drive. Only in case of emergency, such as an oil spill or drug interdiction 
seizure, may high speed transit be required. 

In time of crisis, however, a high speed transit to the theater of conflict shall be used, although high 
speed is not intended to be used once on site in order to keep a low profile (stealth mode). 

3.1.2 Payload Description 

A typical payload for the HTS may be as follows: 

. 

. 

. 

. 

5-inch electric gun’ or conventional 5inch gun (for baseline Monohull) 
2 x 20 to 30 mm guns 
8 anti-surface warfare missiles (Harpoon or lighter missiles) 
Anti-air warfare missiles (SM2 or Sea Sparrow) in VLS cells or on pod mounting (RAM) 
CIWS (Phalanx) with autonomous detectiotioptronic director 
Triple torpedo tube (with 3 MK46 torpdoes) 
Small arms (12.7 mm machine guns and portable arms) 
6 RPVs and support equipment. RPVs shall be of long endurance (>4 hours), low speed 
(~250 kts) type and shall carry video, radar and secure communication link as payload 
(no payload delivery). 
Multi-purpose surface/air search radar (with passive mode) 
Fire control radar 
Navigation radars (one dedicated to RPVs monitoringj 
UHF/VHF radio communications 
Satellite communications 
Satellite navigation system (GPS) 
Secure link with RPVs 
Hull mounted sonar 
ESMIECM 
2 chaff decoy system (Protean) 
1 RHIB boats for 8 fully-equipped troops 
8 troops fully-equipped for special warfare 
Pollution control equipment (containment booms). 

The total payload weight is estimated at 150 LT, including electronics, armament and ammunition. 

‘Total weight, including ammunitions, specific support and fire-control systems, shall not exceed 50 LT 
(equivalent to total weight of a conventional 5-inch gun). 
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3.1.3 Environmental Considerations 

The HIS will be able to operate in open ocean at all seasons (year-round) with at least 80% year-round 
operability. Full operability in sea-state 6 and survivability in sea-state 8 should be considered. 

3.2 Shlp-Related Considerations 

3.2.1 Hull 

The hull shall be of a rugged and cost-effective construction. Consideration shall be given to composite 
materials as a possible alternative to high tensile steel for hull and superstructures. 

3.2.2 Propulsion 

The propuision shall accommodate a multi-mode comprising of: 

. High-speed “booster” power (gas turbine, for example) 

. Low-speed “siient” drive (electric drive, for example). 

The low-speed mode shall also be used as the economic mode. 

3.2.3 Performance 

Maximum Speed (kts) 

Cruise Speed (kts) 

Low Speed (Silent) (kts) 

Range 

Endurance 

Motions 

Stability 

Minimum 

40 

35 

12 

3000 nm @ cruise speed 
plus 

1000 nm @ Jow speed 

20 days 

Cull operabili~j in sea-state 5’ 
Survival in sea-state 7 

US. Navy Criteria 

‘Except for RPVs operability ii wind limited. 

Preferred 

50 

45 

15 

3000 nm @ wise speed 
ptus 

1000 nm @ low speed 

30 days 

Full operability in sea-state 6’ 
Survival in sea-state 8 

US. Navy Criieria 

Corvette Baseline 
I 

27 

27 

12 

2oOO nm @ cruise speed 
plus 

1 COO nm @ low speed 

20 days 

Operations up to 
sea-state 5 

US. Navy Criteria 

The range requirement was made !o allow (in the “preferred” configuration) an Atlantic crossing at 

full-speed for a rapid deployment in case of a crisis containment mission. In the minimum configuration, 
such a transit would require refueling or cruising at a lower speed. 

3.2.4 Manning 

Minimum manning shall be accomplished through automation and integration of monitoring and control 
systems for ail ship operations. 



3.2.5 Survivability and Vulnerability 

Special attention shall be paid to reduce the detectability and increase the survivability of the HTS. The 
latest stealth technique shall be used to reduce the ship signature, in particular: 

. Wake 

. Radar Cross-Section 

. Infrared Signature 

. Underwater Acoustic 

. Electra-Magnetic 

Such measures are aimed at making the HTS undetected while it enters the theater of operation and also 
at reducing the risk of a missile hit and of damage from mines. In addition, the ship’s survivability to 
combat damages shall be improved using such techniques as damage containment, quick automated 
power distribution reconfiguration, etc. Steps should be taken to maximize the ability of the HTS to carry 
out its combat tasks after being hit by a weapon (missile, mine, torpedo, etc.). 

3.3 Other Considerations 

3.3.1 Special Capabilities 

The ship combat system shall be of a modular type so as to allow quick reconfiguration, modernization 
throughout the lifetime of the vessel. Standardization of the auxiliary modules, power modules and 
control units shall be made to allow easy reconfiguration after damage or during overhaul of the vessel. 

3.3.2 Readiness and Availability 

A high degree of readiness and availability shall be achieved for the HTS. Such capability is expected to 
be possible as a result of modularity and the reconfigurability as well as systematic standardization. 

3.3.3 Overhaul, Maintenance and Logistic Support 

Overhaul and maintenance are to be facilitated by systematic standardization and modularization. 
Subsystem maintenance may be achieved by simply replacing the subsystem by a module from a joint 
pool for all vessels and repairing the failed module on shore. 


