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Abstract

A comparative design study of teh conventional and nuclear-powered fast attack
submarines Is performed. Data sources are limited to those avallable in the open
lterature. The analysis Is confined to those submarines which are of the greatest
interest and for which enough design information is avallable to conduct an adequate
study. The data for each of the selected submarines is then parameterized, analyzed,
and compared on the basis of design and military capabllities. The design philosophy
and top level requirement of each submarine Is then inferred from Its naval architecture
and military capabiliities. It is concluded that automation of systems will allow a reduction
of crew size, which then permits a larger battery and greater provision, fuel, and
weapons loadouts. This will lead to greater combat eftectiveness due to increased
range, attack flexibllity, speed, and weapons delivery potential.

Thesis Supervisor: Professor Paul E. Sullivan
Title: Associate Professor of Navadl Architecture
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Chapter 1

INTRODUCTION

The Introduction of the submarine added a new dimension to the conduct of naval
conflict; that of a potent undetected threat within striking distance. The ability of the
submarine to travel from place to place and observe events undetected usually gives to
the submarine the ability to attack first (or to declde not to attack) and has always been
its greatest asset. The traditional weapon of the submarine has been the torpedo. which

because of Its underwater attack mode Is particularly damaging to surtace ships.

Today, the ability of the submarine to remain undetacted is still its greatest asset.
Technical advances in hydrodynamics, propuision plant design, and acoustic silencing
have made modern submarines more difficult to detect than ever. Similarly, the
firepower of the submarine has increased greatly due to technical advances in

submarine launched weapons systems.

Many nations include submarines as an Important part of their fleet. Several navies
consider their submarines to be their capital ships, and employ them for many peacetime

uses. Some of the peacetime uses are oceanographic exploration and surveillance.

The primary wartime role of the submarine could be considered to be the same as it
always has been, that of interdiction of sea traffic lanes, but the methods of
accomplishing this task have been expanded, since most modern submarines are

capable of loading mines and encapsulated cruise missiles as well as torpedoes.

The mining capability allows a nation to restrict or deny the use nf a port or seaway
choke-point to an adversary. This is a very important capability, and is possible for only

a submarine in many cases, since a submarine can conduct mining operations under
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conditions infeaslible for aircraft or surface ships. In addition, the mining can be
conducted in a covert manner, which is essential In this day of crulse misslle shore

batteries.

The capabllity of a submarine to carry crulse missiles gives it the medium-range (50
nautical mile) stand-off attack mode against surface targets. This mode was previously
the province of only surface ships and attack aircraft. Long-range strategic nuclear
crulse misslles and rocket-propelled homing torpedoes have also been discussed and

are in development for attack submarine loadout.

The sophistication of modern torpedoes has increased their range, speed, probabitiity of
hit, and overall lethality. While this thesis does not discuss weapons effects, it is
generally accepted that a subsurface explosion is much more damaging to a surface
ship than an equally-sized exp!osion In the superstructure. The weapon of choice for

attack submarines is still considered to be some variation of the torpedo.

This thesis focuses primarily upon basic mission capabllities such as number and type of
weapons carried, maximum speed, maximum mission length, submerged endurance
range, and indiscretion rate of diesel-electric submarines. One small nuclear-powered
craft is included for comparison. All of the submarines selected for analysis are "attack

boats", as opposed to strategic nuclear ballistic missile submarines.

Design data for the craft studied in this thesis Is analyzed in a comparative technique.
which starts with a gross characteristics comparison. After gross differences are
identified, a detailed study of several aspects of the designs is undertaken. Emphasis is
placed upon identifying design differences, and on trying to establish the reason for

these differences.
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Chapter 2

PURPOSE

The purpose of this thesis is twofold:

(1). To determine the capability of each of the selected submarines in terms of primary

mission areas, which are generally of a military nature.

(2). To gain a greater understanding of naval architecture In general and submarine

deslign in particular.
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Chapter 3

SUMMARY OF SUBMARINES

The literature search having been conducted, the below listed submarines have been
selected for Inclusion In the detalled analysis portlon of this study. They are listed In
order of decreasing displacement, followed by the bullder's name, country of origin, and

year the lead ship was launched.

(1) KILO (Komsomolsk Shipyard, Uni&n of Soviet Socialist Republics, 1980).

(2) WALRUS (Rotterdamsche Droogdok Maatschappij B.V., The Netherlands, 1985)
(3) SSN RUBIS (Cherbourg Naval Dockyard, France, 1979).

(4) BARBEL (Portsmouth Naval Shipyard, United States, 1959).

(5) TYPE 2400 "UPHOLDER" (Vickers Shipbuilding and Engineering Ltd., Great Britain,

1986).

(6) TYPE 1700 (Thyssen Shipyard, Federal German Republic, 1982).

(7) TYPE 2000 (Ingenierkontor-Lubeck, Federal German Republic, 1983).
(8) SAURO (Fincantieri Shipyard, Italy, 1979).

(9) VASTERGOTLAND (Kockun 5 Shipyard, Sweden, 1986).

(10) MIDGET 100 (Sub Sea Oil Services of Micoperi, Italy, 1984).

The BARBEL Class is included because it was the last diesel-electric submarine class to
be constructed by the Unitad States. The KILO Class is included because of its interest
and widespread use among Communist Bloc and allied nations, and because it
represents a state-of-the-art Soviet diesel-electric submarine. The RUBIS. a small
nuclear-powered submarine, is included in the study to show the impact of its propulsion

plant, compared to other designs.
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The following pages summarize the gross attributes of the above selected submarine

classes.
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KILO

Komsomolsk Shipyard

Cnion of Soviet Socialist Republics
1380

Submarged Displacement: 3200 Lton
Surface Digplacemant: 2500 Lton
Standard Displacemant: 1900 Lton (Estimate)

Length: 229.6 £t
Surfaced Draft: 23.0 £t
Diametex: 29 .5 ft

Complemant: 55 Man.

Prime Mover Type: Diesel Engine/Storage Battery
Diesel/Alternator Capacity: 4480 KW
Main Propulsion Motor Power: 4000 BP

Maximum Submerged Speed: 18 Kts (Calculated)
Maximum Surface Spead: 12 Kts (Estimate)
Maximum Snorkel Speed: 10 Kts (Estimate)

Diving Depth: 300 maters (Cstimate)

Overall Endurance Range at Six Kts: 5760 Nm
Overall Endurance Range at Ten Kts: 9600 Nm
Maximum Mission Duration: 45 Days

Active Sonar.

Passive Sonar.

Array Sonar.

Navigation Radar.

Elactronic Surveillance Gear.

Numbaer of Torpedo Tubes: 8
Number of Realoads Carried: 10

Cruise Missile Capable.
May carry and launch a maxiinum of 18 8SSN-21

Capable of Minelaying.
Maximum Possible Number of Minas Carried: 20

Not Capable of Delivering Swimmers.
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WALRUS

Rotterdamscha Droogdok Maatschappij 8.V.
The Netherlands .
1985

Submerged Displacement: 2800 Lton
Surface Displacement: 2450 Lton
Standard Displacement: 1900 Lton

Langth: 223.1 £t
Surfaced Draft: 21 .6 £+«
Diamneter: 27.6 £t

Complement: 50 Man.

Prime Mover Type: Diesel Engine/Storage Battery
Diesal/Alternator Capacity: 5170 KW
Main Propulsion Motor Power: 5360 HP

Maximum Submerged Speed: 20 Kts
Maximum Surface Speed: 12 Kts x
Maximum Snorkel Speed: 12 Kts

Diving Depth: In excess of 300 meters.

Ovarall Endurance Range at Six Kts: 10080 Nm
Overall Endurance Range at Ten Kts: 7178 Nm
Maximum Mission Duration: 70 Days

Active Sonar.

Passive Sonar.

Array Sonar.

Navigation Radar.

Elactronic Surveillance Gear.

Number of Torpedo Tubas: 4
Number of Reloads Carried: 20

Cruise Missile Capable.
May carry and launch the SubBarpoon.

Max number Carried: 26

Can carry and emplace 40 mines.
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RUBIS
Cherbourg Naval Dockyard

France
1979

Submerged Displacement: 2670 Lton
Surface Displaceamant: 2385 Lton
Standard Displacement: 2250 Lton (Estimate)

Langth: 236.5 ft
Surfaced Draft: 21.0 £t
Diameter: 24.9 £t

Complamant: 9 Officers, 57 Enlisted Men

Prime Mover Type: Nuclear Reactor,
Liquid Metal Cooling

Prime Mover Power: 48,000 KW

Main Propulsion Motor Power: 10,000 HP

Maximum Submerged Spead: 25 Kts
Maximum Surface Spead: 20 Kts (Est.)

Diving Depth: In excass of 300 maters.

Overall Endurance Range at Six Kts: 8640 Nm
Overall Endurance Range at Ten Kts: 14400 Nm
Maximum Migeion Duration: 60 Days

Active Sonar.

Passive Sonar.

Array Sonar.

Navigation Radar.

Electronic Surveillance Gear.

Number of Torpedo Tubas: 4
Number of Reloads Carried: 10

Cruise Missile Capable.
May carry a maximun of 14 SM-39 cruise missiles

Can carry and place 20 mineas.
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BARBEL

Portsmouth Naval Shipyard
United States

1959

Submerged Displacemant: 2369 Lton

Surface Displacemant: 2315 Lton
Standard Cisplucement: 2146 Lton
Length: 219.1 ft

Surfaced Draft: 28 ft

Diameter: 29 £t

Complement: 8 Officers, 69 Enlisted.

Prime Mover Type: Diesel Engine/Storage Battery
Diesal/Alternator Power: 3580 KW
Main Propulsion Motor Power: 3150 BP

Maximum Submerged Spead: 18 Kts (Calculated)
Maxirum Surface Speed: 15 Kts
Maximum Snorkel Speed: 10 Kts

Diving Depth: In axcess of 120 maters.

Overall Endurance Range at Six Kts: 8640 Nm
Overall Endurance Range at Ten Kts: 9897 Nm
Maximum Mission Duration: 60 Days

Active Sonar.

Pagssivea Sonar.

Array Sonar.

Navigation Radar.

Electronic Surveillance Gear.

Numbar of Torpedo Tubes: 6
Number of Reloads Carriad: 6

Cruise Missile Capable.
May carry and launch the 12 Sub-Harpoon.

Can carry and emplace 12 mines.

Unknown if swimmer capable.

-
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TYPE 2400 "UPHOLDER"

Vickers Shipbuilding & Engineering Ltd.
United Kingdom

1986

Submerged Displacemant: 2400 Lton
Surface Displacamant: 2188 Lton
Standard Displacement: 1850 Lton

Length: 230.6 £t
Surfaced Draft: 17.7£€¢c
Diametaer: 25 ft

Complament: 7 Officers,
13 CPO, 24 Enlisted. (44 Total)

Prime Mover Typa: Diesel Engine/Storage Battery
Prime Mover Maximum Power: 3620 BP
Main Propulsion Motor Power: 5360 EP

Maximum Submerged Speed: 20 Kts
Maximum Surface Spead: 12 Kts
Maximum Snorkel Speed: 10 Kts

Diving Depth: In excess of 200 meters.

Ovarall Endurance Range at Six Kts: 7056 Nm
Overall Endurance Range at Ten Kts: 5221 Nm
Maximum Mission Duration: 49 Days

Active Sonar.

Passive Sonar.

Array Sonar.

Navigation Radar.

Elactronic Surveillance Gear.

Number of Torpedo Tubes: 6
Number of Reloads Carried: 12

Cruise Missile Capable.
May carry and launch 12 Sub-Barpoon missiles.

Can carry and emplace 24 mines.

Equipped with airlock for five combat swimmars.
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Type 17060

Thyssen Shipyard
Fuauderal Garman Republic
1984

Submerged Displacemant: 2350 Lton
Surface Displacemant: 2140 Lton
Standard Displacement: 1760 Lton

Length: 216.5 £t
Surfaced Draft: 21 .3 ft
Diametar: 23.9 £t

Comrplemant : 30-35 Men.

Prime Mover Type: Diesel Engine/Storage Battery
Diesel Generator Maximum Power: 4400 KW
Main Prcpulsion Motor Powar: 8844 EP

Maximum Submerged Speed: 25 Kts
Maximum Surface Spead: 15 Kts
Maximum Snorkel Spead: 15 Kts

Diving Dapth: In axcess of 300 meters.

Overall Endurance Range at Six Kta: 10080 Nm
Overall Endurance Range at Tan Kts: 10736 Nm
Maximum Mission Duration: 70 days

Active Sonar.

Passive Sonar.

Array Sonar.

Navigation Radar.

Electronic Surveillance Gaar.

Number of Torpedo Tubas: 6
Number of Reloads Carried: 16

Not Cruise Miasile Capabla.
Can carry and emplace 32 mines.

Not Capable of Delivering Swimmers.
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TYPE 2000
Ingenieurkontor-Luback

Faderal German Republic
1983

Submarged Displacemant: 3106 Lton
Surface Displacemant: 2820 Lton
Standard Displacement: 2200 Lton

Length: 210.6 £t

Surfaced Draft: 21 ft

Diameter: 24 .4 £t

Complemant: 33 Men.

Prime Mover Type: Diesel Engine/Storage Battery
Diesel Genarator Maximum Power: 3600 KW

Main Propulsion Motor Power: 7500 HP
Maximum Submarged Speed: 25 Kts

Maximum Surface Speed: 13 Kts

Maximum Snorkel Speed: 15 Kts

Diving Depth:

Overall Endurance Range at Six Kts: 12651 Nm

Ovarall Endurance Range at Tan Kts: 9293 Nm
Maximum Mission Duration: Days
Number of Torpedo Tubas: 8

Number of Reloads Carried: 18
Not Cruise Missila Capabla.
Can carry and emplace 24 mines.

Not Capable of Delivering Swimmers.



.24.

3JAURO

Fincantiari Shipyard
Italy

1979

Submerged Displacemant: 1660 Lton

S8urface Displacement: 1480 Lton
Standard Displacement: 1280 Lton
Langth: 191 £t

Surfaced Draft: 17 £t

Diametar: 22.4 £t

Complemant: 35 Men.

Prime Mover Type: Dieasel Engina/Storage Battery

Diesel Genarator Maximum Power: 2160 KW

Main Propulsion Motor Power: 3216 HP Continuous
4200 BP (Burst)

Maximum Submarged Speed: 19.3 Kts
Maximum Surface Speed: 11 Kts
Maximum Snorkel Spead: 11 Kts

Diving Depth: In excess of 300 maters.

Ovarall Endurance Range at Six Kts: 6480 Nm
Overall Endurance Range at Ten Kts: 6891 Nm
Maximum Misgion Duration: 45 Days

Activea Sonar.

Passive Sonar.

Navigation Radar.

Electronic Surveillance Gear.
VLF Radio Receiver.

Number of Torpedo Tubes: 6
Number of Reloads Carried: 6

Not Cruise Missile Capable.
Can carry and emplace 12 mines.

Not Capable of Delivering Swimmers.
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VASTERGOTLAND CLASS
Kockums Shipyard

Sweden
1986

Submerged Displacemant: 1150 Lton
Surface Displacement: 1070 Lton
Standard Displacement: 990 Lton

Length: 159.1 £t
Surfaced Draft: 17 £t
Diamater: 20.3 £t

Complamant: 21 Men.

Prime Mover Typa: Diesel Engine/Storage Battery
Diesel Genarator Maximum Power: 2160 KW

Prime Mover Maximum Powar: 2680 BHP

Main Propulsion Motor Power: 2537 BRP

Maximum Submerged Speed: 20 Kts

Maximum Surface Speed: 11 Kts

Maximum Snorkel Speed: 10 Kts (Estimate)
Diving Depth: In excess of 300 maters.
Overall Endurance Range at Six KXts: 3231 Nm
Overall Endurance Range at Ten Kts: 1956 Nm

Maximum Miss:on Duration: 30 Days

Passive Sonar.
Electronic Surveillance Gear.

Number of Torpedo Tubes: 6 Haavywaight tubus
3 Lightweight tubes
Number of Reloads Carried: 6 Heavyweight

Not cruise missile capable.

Can carry and emplace 12 mines.
May also carry mines in external belt.

Not Capable of Delivering Swimmers.
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MIDGET 100 "LWT 27-4"

Sub Sen Oil Services of Micoperi
Italy

1984

Submerged Displacement: 136 Lton

Surface Displacemant: 120 Lton (Estimate)
Standard Displacemaent: 100 Lton

Length: 88.9 ft (27.1 maters)
Diameter: 10.3 £t

Complement: 12 (+ 4 combat swimmars)

Prima Mover Type: Closed-Cycle Diesel
Small battery installed for stealth.

Main Propulsion Motor Power: 420 HP

Diesel/Genarator Total Powar: 120 HP

Maximum Sustained Submerged Speed: 16 Kts
Does Not Need to Snorkel.

Diving Depth: In excess of 200 meters.

Overall Endurance Range at Six Kts: 1345 Nm
Overall Endurance Range at Ten Kts: 819 Nm
Maximum Mission Duration: 14 Days
Active/Passive Sonar.

Array Sonar.

Navigation Radar.

Number of Torpedo Tubas: 4 (Lightweight)
Number of Reloads Carried: None (Muzzle Loadad)
Not Cruise Missile Capable.

Twin 7.62mm Deck guns and Single 20mm Deack Gun.
Capable of Minelaying.

Maximum Possible Number of Mines Carried: 4

Variant carries two mine delivery vehicles with
10 x 600Kg mines.
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Chapter 4

DATA GATHERING AND SOURCES OF ERROR

There were two methods of data acquisition for this study. The first type was a search of
the open literature for articles, advertisements, and manufacturer’s brochures of Intarest.
The second data source was that gained by calculation or estimation of values directly or
indirectly from the data which could be gleaned from the open literature. Sensitive,
proprietary, or classified information, ;yr information gained through such channels. must
be excluded from the thesis. Therefore, some of the data in this study is "second-
generation" data, calculated or estimated fron: available published data. This introduces

the possibility of error.

In the literature search it was found that some performance flgures, such as maximum
speed and number of torpedo tubes, were almost always avallable, usually in Jane's
Fighting Ships. (17). Beyond these data elements, the sources were incomplete or. in
some cases, contradictory of one another. One reason for some of the contradiction in
the literature is probably due to the inevitable unintentional misquote of some corporate
or government spokesperson. Literature sources are usually quite close to one another,
so that the error introduced was usually not of great significance. For example. a
submarine designed to accomodate sixty-two men could doubtlessly sustain a crew of
sixty-seven (albeit for a shorter mission duration). One other possible source ot
literature data discrepancy is that the authors of the articles may not all have the same
initial data with which to conduct their analyses. Articles in the literature. as opposed to
manufacturer's brochures. are authored by a certain group of naval architects and naval
ship analysts, each of which doubtlessly has his own set of empirical relations.

correlation coefficients, and rules of thumb with which to conduct his analyses. Even if
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all of these naval architecis were glven the same Initial data on a given submarine, there
is bound to be a certain range of calculated and estimated secondary data values
resulting from each of them. Where conflicting values of data exist in the literature. a

notation Is made, and the author's judgement is used to select the preferred value.

As a result of the problems with the data mentioned above, the accuracy of much of this
thesis is probably not grater than ten-percent. This error comes trom some things as
simple as belng unable to measure submarine dimensions with extreme accuracy from
an isometric and only partially-exposed cutaway view in a magazine. to the fact that

errors will compound when used in calculations.

Care has been taken to limit discussion to obvious design features and differences
between ships. The magnitude of the error is, therefore, deemed acceptable for the

purpose of this analysis.

4.1 Reference Conventton

In the data tables and figures included in this study, the sources of the information are

referenced in the following manner:

« Information from the literature is denoted by a number. in parentheses.
which corresponds to the reference from which it was taken.

« Values calculated in the course of this study are unreferenced.

¢ Values or conditions which are estimated by the author, in the author's best
judgement, are referenced by an "(e)" next to the entry.

» Values or conditions which are inapplicable to a calculation are designated
by "N/A".
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Chapter 5

METHODOLOGY

The method by which this thesis was carried out Is straightforward, and consists of the

following:
(1). Acquisition of avallable data from open-literature sources.

(2). Calculation or estimation of neccessary data which is not readily available or which

could not be found.

(3). Parameterization of each of the selected submarines according to reasonable

mathematical indices of description.
(4). Comparison of each of the submarines according to its indices of description.

Finally, an attempt is made to “reverse engineer" the design process of each submarine

in order to determine the nature of the top-level requirement.
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Chapter 6

VOLUME ANALYSIS

6.1 Volume Within the Pressure Hull

The pressure hull volume distribution Is of prime importance In the design of a
submarine. The pressure hull volume is determined partly by the size of the payload,
but it must also contain and protect the propulsion plant, electronics, weapons. and
crew. The tradeoff In volume allocation between each of these areas determines. to an
extent, the performance capabllities of the submarir .. The overall volume of the
pressure hull, and the allocation of that volume, give considerable insight into the design

phllosophy of each submarine.

The pressure hull of imost submarines is composed of sections of cylinders, cones, and
spheres. The pressure hull of the MIDGET 100 Is one exception, since its pressure hull
has the same teardrop shape as its external envelope, rather than cylinders or cones.
The pressure hull total volume Is readily calculated from the formulas of Appendix A,
provided a detailed reference picture of the vessel exists. The reference pictures of the
submarines in this study were of detail sufficient to allow calculation of pressure hull
volume to within five percent. Reference pictures were not available for KILO and TYPE

2000.

More difficult is the calculation of the volumes of the individual functional areas within the
pressure hull. The assignment of pressure hull volumes to each functional area. for the
purpose of this study, is defined below. Where two or more functional areas share the

same space, a judgement is made of the volume occupied by each function.

(1). Mobility. Includes the spaces housing all propulsion machinery. non-distributed
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electric plant equipment, bow thrusters, steering gear, batteries, and internal fuel tanks.

Also Includes trim and auxiliary ballast tanks. and HP air flasks.

(2). Weapons. Includes the volume of the torpedo tubes, handling gear, ejection and
launching equipment within the pressure hull, and the volume of the torpedo room.

excluding any volume used for berthing.

(3). Command, Control, Communication, and Information, (C3l). Includes radio, sonar.
radar, electronic warfare, periscopes, computers, navigation center, and control rooms.

Also includes (an arbitrary) forty percent of the air-conditioning plant.

(4). Ship Support. Includes berthing, messing, galley, sanitary, and passageway spece.

Also includes all auxillary machinery except that alloted to C3l.

The calculated volumes of each functional group within the pressure hull are shown in

Table 7-1.

6.2 Volume External to Pressure Hull

The ballast tank volume Is calculated from the difference In the values of the submerged

and surfaced displacements, which In general can be found In the literature.

The free flood volume is assumed to be five-percent of the submerged volume. The
reference pictures of each submarine tend to confirm that the free flood volume is
concentrated primarily In the fairwater, around the bow sonar array and torpedo tubes.

and at the stern in the vicinity of the shaft.

The envelope volume of each submarine is estimated by summing the submerged

volume and the free flood volume.

The remaining volume external to the pressure hull is found by subtracting the ballast

tank volume anrd the pressure hull volume from the envelope volume. The other volume
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SUBMARINE NAME

VOLUMES KILO WALRUS RUBIS BARBEL TYPE
(in cubic feet) 2400
WITHIN PRESSURE HULL
MOBILITY VOL 33000 33527 48042 25630 37044
WEAPONS VOL 10000 9281 10176 7290 6724
C31I SYSTEMS VOL 11000 9900 9890 6701 9127
SHIP SUPPORT VOL 14000 27752 15990 14562 11428
TOTAL: 68000 76460 80098 54183 64323

EXTERNAL 10 PRESSURE HULL
BALLAST TANK VOL 24500 122350 9975 11340 8400
OTHER SUBMRGD VOL 19500 9290 3377 26842 11277
TOTL SUBMRGD VOL 112000 98000 93450 92365 84000
ASSUMED FREEFLOOD 3600 4900 4672. 4618. 4200
TOTAL ENVLPE VOL 117600 102900 98122 96983 88200
REFERENCE DRAWING
FOR MEASUREMENTS: (e) as) 10) (39) 13

Table 7—-1: Functional group volumes calculated from measurement of
reference pictures. (Sheet one of two)l.
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SUBMARINE NAME

VOLUMES TYPE TYPE SAURO VASTER- MIDGET
(in cubic feet) 1700 2000 GOTLAND 100
WITHIN PRESSURE HULL
MOBILITY VOL 50021 44000 23775 17488 957
WEAPONS VOL 5676 6000 8589 7092 405
C3I SYSTEMS VOL 4806 5300 7290 4803 743
SHIP SUPPORT VOL 10043 10000 9817 7564 1265
TOTAL: 70546 65300 49471 3e947 3370
EXTERNAL TO PRESSURE HULL
BALLAST TANK VOL 7350 9310 6300 2430 420
OTHER SUBMRGD VOL 4354 6940 2329 503 970
TOTAL SUBMRGD VOL 82250 81350 58100 39900 4760
ASSUMED FREEFLGOD 4112. 4078 2905 1995 238
TOTAL ENVLPE VOL 86362 85628 61005 41895 4998
REFERENCE DRAWING
(e a2 35) 29

FOR MEASUREMENTS: (2)

reference pictures.

(Sheet two of two).
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may be made up of structure, fuel tanks, high-pressure air flasks, conformal or trailed

sonar arrays, periscopes and masts, snorkel, fittings, and speclal-purpose equipment.

Table 7-1 shows the caiculated values of each submarine's main ballast tank and free

flood volume, other submerged volume, and the envelope volume.

6.3 Discussion

Figure 7-1 graphically deplicts the actual measured and calculated volumes of each of
the functional groups, plus main ballast tank volume and other volume external to the
pressure hull, for each of the submarines. The volumes for KILO and TYPE 2000 are

estimated, since reference pictures were not available.

The first item of interest Iin Figure 7-1 Is the variance in scale between the ten
submarines In this study. The largest boat, KILO, is over twenty-thiee times the size of
the MIDGET 100, with the other submarines falling between those extremes. Since
Figure 7-1 displays each of the actual functional area volumes, it Is possible to compare
the sizes of each submarines’ weapons area, or slectronics/command suites by

I"ispection.

The C3I functional group volume is largest in the KILO of all the submarines. Though
the Installed electronic equipment aboard KILO is not thought tc be any greater than that
installed in the other sutmarines, Soviet electronics are probably more voluminous than
similar Westem electronics because of the extensive use of vacuum tubes rather than
solid-state technology. The C3l volumes for the WALRUS, RUBIS, BARBEL, TYPE
1700, TYPE 2000, and VASTERGOTLAND are nearly the same, even though the
vessels vary in submerged displacement by a factor of two from the smallest to the
largest. This demonstrates that the volume required to enclose sensor electronics and a
command center aboard an oceangoing submarine is not a strong function of the vessel

displacement.
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Figure 7-1 shows the actual volumes of each of the functional groups, plus main ballast

and other external volume, for each submarine. Some values are immediatly noticed in
Figure 7-1, such as the large mobllity volumes for the RUBIS, TYPE 1700, and TYPE
2000, each of which has a large propulsion plant. In fact they have the three largest
Installed shaft horsepower plants of the submarines studied, and togethar have more
horsepower tnhan the remaining seven combined. The TYPE 1700 and the TYPE 2000
have larger batterles than the others, and the RUBIS has a nuclear reactor contributing
to the volume. Also noticable are the small mobllity volumes for the VASTERGOTLAND
and the MIDGET 100, each of which have less-powerful propulsion plants, and smaller

batteries than the others.

The BARBEL and KILO each have large non-ballast volumes external to the pressure
hull. The KILO has this volume because of Its double-hull, the BAREEL hecause of the
placement of large banana-shaped high-prussure air tanks between the pressure hull

and the hydrodynamic envelope.

The ship support volume of each submarine would be considered a function of the
complement, but each designer/bullder has a different opinion of the habliabllity
standards required by a submarine crew. Appendix K discusses some ractors affecting
crew endurance, not the least of which Is volume-per-man within the pressure hull. The
large differences in ship support volume among the submarines does not correlate io the

variances In their complements. Chapter 10 discusse s this in greater detail.

6.4 Volume Allocation

The allocation of volume in a submarine can indicate the functional groups which were
most important to its designer. Figure 7-2 shows the volume distribution of each
submarine. Note the high fraction of the volume dedicated to mobility in RUBIS, TYPE

1700, and TYPE 2000.



-37-
KILO and BARBEL have large non-ballast volumes external to the pressure hull,

because of their double-hull conmstructlon. This volume Is proportionately large In
MIDGEY 100 also, but it is due to the disproportionately large fairwater which cannot be

mada smaller or it would be unusable.

WALRUS and MIDGET 100 have very high ship support fractions. This was probably
planned In the case of WALRUS, because of Its long mission duration. For MIDGET
100, it Is unavoldable due to the scale effect of having the diameter of the vessel

comparable to the human body height.
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Chapter 7

DISPLACEMENT AND WEIGHT ANALYSIS

7.1 Displacements

Each submarine may be described by three displacements:

1. Standard displacement Is the displacement of the submarine on the surface when

unloaded with fuel, ammunition, provisions, and crew.

2. Surface displacement Is the displacement of the submarine on the surface when
loaded with fuel, ammunition, provisions, and crew. It is equal to the standard

displacement plus variable loads.

3. Submerged displacement Is the displacemant of the submarine when loaded,

operating submerged. It Is equal to the surface displacement plus main ballast tanks.

The literature has many of the values of these displacements, but in many cases the
values differ slightly from one reference to the next. The literature usually provides no
more than two of the three displacements, but knowledge of two can yield a reasonable
estmate of the third. The variable loads and the ballast tank weight can be calculated
from these known displacements, or if known, can be used to calculate the

displacements.

Table 8-1 lists the displacement values for each of the submarines. Also shown are the

welghts of the variable loads and main ballast tanks.

It should be noted that diesel electric submarines must have large-capacity auxiliary
ballast tanks to compensate for the lost weight of the bunker fuel. Alternatively, and

preferably, is the installation of a fuel compensating system, and using the fuel tanks as



DISPLACZEMENTS KILO WALRUS RURIS BARBEL TYFE
(Ltons) REF REF rREF FEF 2400 REF
STANDARD DISFLCMNT 1900 (e) 1900 (21) 2250 (e) 2146 (34) 1850 (17)
VARIABLE LOADS 600 550 235 163 310
SURFACE DISFLCMNT 2509 (17) 24350 (21) =3B (10) 2319 (34) 2160 (32)
MN EBALLAST TNKS 700 390 285 32« =240
SUBMERGD DISPLCMNT 3200 (17) 2800 (21 =670 C17) 26393 (34) 2400 (32
FUNCTIONAL 5ROUP KILO WALRUS RUBIS BARBEL TYFE
WEIGHTS 1700 REF 2000 2400
VAR IABLE LOADS 600 550 135S 163 (34) 310
BALLAST TANK 700 350 =85 324 (34 =30

Unless otherwise referenced, the following weights are from Appendix I.

MOEILITY MACHNRY 700 73z 1073 575 (34) 868
WEAPONS SYSTEMS 78 48 a3 64 (343 €0
C31 SYSTEMS &7 S0 53 56 (34) 84
SHIP SUPFORT 101 ‘38 127 117 34) 101
STRUCTURAL WEIGHT 825 787 814 820 (324) 618
FIXED BALLAST (S%Z) 128 125 1z S14 (34 113
SUBMERIGD DISPLEMNT 3200 2800 2670 26393 2400
Table 8-1: Displacements and functional group weights.

(Sheet one of twa).



DISPLACEMENTS TYFE TYPE SAURO VASTER- MIDGET
(Ltons) 1700 REF 2000 REF REF 50TL’D REF 100 REF
STANDARD DISPLCMNT 1760 (&) 1800 (6) 1280 (12) 930 (17) 100 €1
VARIABLE LOADS 380 264 200 80 2
SURFACE DISPLCMNT 2140 (3> 2064 (e) 1480 (12 1070 (36) 124 (e)
MN BALLAST TNKS 210 266 180 70 2
SUBMERGD DISPLCMNT 2250 (e) 2330 (6) 1660 (12) 1140 (&) 126 (1)
WEIGHTS TYPE TYPE SAURC VASTEER- MIDGET
(Ltons) 1700 2000 GOTL’D 100
VARIABLE LOADS 380 264 200 80 24
BALLAST TANK 210 266 180 70 12

Unless otherwise referenced, the following weights are from Appendix I.

MOBILITY MACHNRY ‘388 92L 23 420 34
WEAPONS SYSTEMS 42 59 71 78 16
C3I SYSTEMS 3z <40 61 41 6
SHIF SUFPORT &7 76 70 49 8
STRUCTURAL WEIGHT S44 611 470 246 30
FIXED BALLAST 86 93 75 35 ()
SUBMERGD DISFLCMNT 2330 2330 1660 1140 136

Table 8-1: Displacements and functional group weights.
(Sheet two of twao).
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auxillary ballast tanks. This necessitates the installation of a reliable and effective fuel

ofl fiter and coalescer system as well. The literature was Inconclusive about the
presence of fuel-compensating systems, except for the TYPE 2400, which does,

Reference (32).

The ballast tank weight is a big selling point and is also a matter of contention among
submarine builders and designers. In the event of hull damage severe enough to cause
flooding of the submarine, the bouyancy lost to the flooding water may be recovered, at
least temporarily, by blowing down the main ballast tanks, hence thelir allas as "reserve
bouyancy”. Creating volume on a submarine Is expensive, and even the extra ballast
tank volume to accomodate a little extra reserve bouyancy will cost, in terms of speed,
range, payload, crew habitabilly, electronics, or construction cost. At the same time, it Is
acknowledged that each manutacturer wishes to present his product in the best light
possible, and It Is desirable to have large main ballast tanks, hence the source of the

tradeoff.

7.2 Functional Group Weights

The weights of specific machinery and other equipment aboard the submarines could
not be found in the literature. To estimate the functional group weights, empirical
formulas were developed which related data parameters which are found In the literature
to the elusive welght groups. Reference (16) was crucial in this regard. The detalls of
this process are described in Appendix |. The result of the Appendix | calculations for

functional group weights are listed in Table 8-1.

A rigorous analysis of the functional group weights given in Table 8-1 would be tongue-
in-cheek at best, since nearly all the welghts are calculated from the same empirical

formulas. Instead, a qualitative approach will be taken in relating the weight groups of
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each submarine to the other submarines, to attempt to understand how the overall

performance of each submarine is affected by the weights of its functional groups.

Using this approach, and with the ald of Figures 8-1 and 8-2, one may see that the boats
with the higher top speeds and longer endurance ranges, such as RUBIS, TYPE 1700,
and TYPE 2000, have the higher weights in the mobllity functional area. Those with
lower top speeds, such as BARBEL, KILO, and MIDGET 100 have proportionately

smaller mobility weights.

The welghts of the ship support. C3l, and weapons functional groups are small
compared with the displacement of the corresponding submarine. This reflects the
nature of the materials from which these groups are constructed. It also reflects the
weight density of the spaces associated with those functional groups. It is reasonable to
expect that dlesel engines, alternators, and lead-acid batteries make up a much larger

proportion of the displacement of the submarine than habltability or electronics spaces.

The vessels rated at a shallower immersion depth, TYPE 2400 and MIDGET 100, have
a smaller proportion of their displacement attributed to structural weight. An exception is
BARBEL, rated at 120 meters immersion, whose structural weight is proportionatly as
great as submarines rated at 300 meters immersion. One reason for its higher structural
weight is that it, and KILO as well. is a double-hull design. One could conclude that the
empirical formulas of Appendix | are inaccurate by a factor of three, that the formulas
may be accurate but BARBEL is fabricated of a weaker material than the more modern
submarines, or that the formulas are accurate, but BARBEL is underrated at only 120

meters immersion.
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Chapter 8

MILITARY PERFORMANCE

8.1 Propuislon and Mobllity

The speed, range, and depth capabilities of a submarine are three of its prime attributes,
and high values for each of these parameters Is desirable, as they allow the submarine
to act with greater flexibllity, and hence, greater effectiveness. Specific values of these
parameters are not avallable in the literature for the range of speeds of which these
submarines are capable. This section focuses upon developing such a comprehensive
database. Public-domain data germane to the mobllity functional area is summarized in

Table 9-1.

8.1.1 Required Shaft Horsepower

The study commences with calculations of the maximum sustained speed of each
submarine. Extensive analysis of each submarine’'s propulsion characteristics are
performed In this study. Computer models of the hydrodynamic envelope are
established in Appendix B, and used to calculate the shaft horsepower required at
various speeds at deep and snorkel depths in Appendices C and D. The resulting values
of required shaft horsepower at deeply submerged depths are shown in Figure 9-1,

while the ratio of the larger shaft horsepower required when operating at snorkel depth Is
depicted in Figure 9-2.

Figure 9-1 shows the characteristic cubic dependency of the power upon speed. for a

body moving in a viscous medium without the generation of gravity waves.

Figure 9-2 indicates humps and other irregularities in the speed/power curve for

operation at a depth where gravity waves are generated. The irregularities are caused



FROFULSION EILO WALFUS FURIS EAREEL TYFE
AND MOBILITY FEF FEF FEF FEF 2400 REF
SUBMFIZD SFD, FRef 25 (17 = 28 17 =1 17 20 (32)

SUBMRIED SFD, rCalc 18 =0 29.1 17.8 0.5
SURFATE SFEED 12 717D 1= 7 2O (17 15 (17 12 (3>
SNORT SFEED 10 (e) 12 (7 N/A 10 (e 10 (32
SHF INSTALLED, HF 4000 ¢17) S360 (7)) 10000 (ed 3150 (171 S400 17)
ALTERNATOFR ZAF, EW 4480 (e)» 5170 370  (e) 32380 =500 (32
DIESEL 1ZAF, HF 6000 (2) 6330 (11) SO0 (e) 4800 17y  3ZE18 (2

HOTEL LOAD, Kw 124.5 124.7 129.7 94,28 115.9
BUNEEFR FUEL, Lton =270 (e) 275 (e 19.4 1320 (e 18&.7 (32
IMMEFESION, Meters 300 CE) SO0 (24 300 10D 120 (= 200 (D0
NF OF MAIN MOTORS: I s 1 5 1 (17 PR WP 1 v5)
EMERGENZY MOTOR™ YES i)  YES (e)» YES (8)» VYES (e) VYES (w)
FWD FLARNE FOSIT SAIL (=] SAIL (24 SAIL ‘8) SAIL <389 HULL <130
STEFEM FLANE FORM CREOS5S5 (&) X {24y CROSS 8 CROSS (35) CROSS (130
BEOW THRUSTEER™ NO (e) NO (23 NOD (=] NO 35, NO 13D
NUMEBEFR OF ©ZELLS 480 (e 430 (7 120 (e 504 (35 1480 32
WEIGHT, Lton =275 (e) =279 £8.79 (e 230 275 (32)

VOLUME, -u ft 4000 (e) 4007 1000  (e) 5700 4675
HIGH-END VOLTAIGE 990 (e 530 (e 276 (el 580 (e) 590 (32)
LOW-END VOLTAIGE 440 ie) 340 (e 228 (e 473 (e) 440 (32

EATTERY ENEFRGY EW-Hrs FW—=Hr g FW-Hr s EW-Hrs EW-Hrs

@ 100 Hr Rate 11280 11280 =8z0 11844 11280

Table 3-1: Fropulsion plant and other mability group parameters.
(Sheet ocne of two).



FROFULSION TYFE TYFE SAUFRO VASTEFR- MIDGET
AND MOBRILITY 1700 REF 2000 REF REF SOTL'D REF 100 REF
SUEMRIGD SFD, Ref 25 7 25 (&) 19.3 (12 7 18 (332
SUBMRIGD SFD, Cal:c 24.7 25 19.3 20 16.8
SURFAZE SFPEED 3 (7 3 &) 11 (129 11 €17 8 (e)
SNORT SFEED 13 (7) 15 (&) 11 12! 10 <e) N/A (53)
SHF INSTALLED, HF 8844 (7)) 7500 (6> 4207 12) 253 420 €23
ALTERNATOR CAF, KW 4400 (7) 3600 (&) 2160 (1Z2) 2000 30
DIESEL CAF, HF 6000 5400 (&) 283934 (12)  Ze80 (13 120 €Z29)
HOTEL LOAD, Kw 114.9 108.2 88.13 62.88 15 (1)
BUNKEF FUEL, Lton 319  (7) =3 CED 144 12D 40 7.668
IMMERSION, Meters 300 7)) 225 (S 200 €12 300 te) 200 C23)
NF: OF MAIN MOTORS: 1 <70 1 (e 1 <120 1 (e 1 23
EMERGENCY MOTOR™ YES te) VYES (e) YES te)» YES Ce) 48HF (23)
FWD FLANE FOSIT SAIL ¢2) HULL <(e)>» SAIL ¢1z) SAIL (32&)» SAIL (33)
STERN FLANE FORM ©CROSS (Z) CROSS (e) CROSS c1z) "X" (36) CROSS (33)
BOW THRUSTER™ NO C2) NO (e NG €12 NO (36> YES (33)
BATTERY CELLS 960  (ed 20 (5) 296 (S 168 (7) 13 (ed
BATTRY WGT, Lton 556G 412.5 170 96. 25 8.6
BATTREY VOL, cu ft 3383 7013 2371 1503 0
BATTRY VOLT (HIGH)> S30 (e) 530  (e) €80.8 (e) G420 C13)  Z9.9
BATTEY VOLT <(LOW) 440 (e) 440 (e) SEZ.4 (e 285 (13) Z24.7
BATTERY ENERGY FKW-Hrs EW-Hrs KW-Hrs EW-Hrs FW-Hrs
@ 100 Hr Rate 22560 16920 6356 3948 305.5

Table '3-1: Propulsion plant and other mobility group parameters.
(Sheet two of two).
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as the generated waveform alternately hinders to a greater extent, then to a lesser

extent, then to a still greater extent, the progress of the submarine through the water.
This wave drag may be predicted as a function of Froude Number, and submergence

ratio, according to the method of Appendix D.

8.1.2 Fuel Endurance Range

The endurance range based upon bunker fuel load Is calculated in Appendix E, and the
results are displayed in Figure 9-3.

This Is in general quite a lengthy range, since the submarines are loaded with enough
fuel to travel goodly distances at higher speeds, and the speed for maximum fuel
endurance Is usually In the vicinity of four or five knots. The fuel endurance range Is not
the final word on endurance range for the submarine, considering all factors, but it is an
excellent way to compare designs In the area of hull efficiency and amount of bunker
fuel loaded. The fuel endurance range Is calculated conservatively, using the value of
SHP at snorkel depth, since much of the transit would be accompilshed under this

operating condition.

There Is an economy of scale concemning range. Since the SHP required Is a function of
the wetted surface area of the submarine, and since the amount of dlesel fuel (or the
number of battery cells, or the number of days of provisions), which can be carried is a
function of the internal volume of the submarine, then the endurance range of a

submarine will increase for increasing displacement, all else being equal.

To compensate for its low endurance range, the MIDGET 100 is equipped with a bow-
mounted towing cable, which would allow It to be deployed from a mothership when

within a manageable range of the operating area.

Appendix E gives a relation for calculating the optimum speed for maximizing fuel

endurance range.
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8.1.3 Battery Endurance Range

The battery endurance range is calculated In inuch the same way that the fuel
endurance range Is calculated, except that the source of power Is the storage battery
Instead of dlesel fuel. Battery endurance range Is of great importance militarily, since
the submarine may travel much more quietly on electric moior than on snorkeling diesel ,
and Is also much less susceptible to radar and Infrared detection than when snorkeling.
The problem with calculating battery endurance range Is that the avallable energy to
propel the submarine decreases as the rate of demand for It (the power level) Is
increased. This Is due to the fact that at high power rates, as much as forty-percent of
the stored chemical energy Is disslpated as heat, and is unavallable for useful work.

Further discussion of this Is contalned In Appendix F.

The calculation of the battery endurance range Is conducted In Appendix G, and the
resultirig plot Is shown In Figure 9-4. An inspecdon of Figure 9-4 reveals the advantage
of outfitting a submarine with a large battery, when submerged endurance counts. The
tremendous battery range of the TYPE 1700 s due primarily to its very large battery, and

also to its moderate hotel load and required shaft horsepower.

RUBIS has a low battery endurance range because it Is equipped with a small battery.
MIDGET 100 has a very small battery, and a relatively high hotel load as well. Both of
these subs have primary propulsive power which Is independent, to a degree, of the
atmosphere, and so the need to avold snorkeling Is not present. RUBIS and MIDGET
100 presumably have a battery just large enough allow them to operate stealthily for a
short misslon, perhaps just enough power to operate hotel services while remaining as a

sllent sentry or picket at bare steerageway.

The RUBIS has a nuclear reactor to generate steam for the turbo-alternators, which

- produce electric power for the main propulsion motor and hotel electricity.
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The MIDGET 100 has a closed-cycle diesel maln propulsion englne clutched to the main

shaft. There are also two smaller closed-cycle diesel alternator sets, which supply hotel

electric, charge the battery, and can supply the emergency electric propulsion motor.

8.1.4 Indiscretion Rate and Interval

Indiscretion rate, evaluated at a particular speed. 'c the fraction of time which a
submarine must spend snorkeling, in order tc: narge Its battery. Indiscretion interval,
evaluated at a particular speed, Is the duration of ime which elapses between

Indlscretion perlods.

The indiscretion rates of each of the submarines Is calculated in Appendix H, and Is
displayed for the range of snorkel-capable speeds In Figure 9-5. As expected, the
submarines with large batteries and large alternator capacities have the lowest
Indiscretlon rates for a given speed. As discussed In Appencix H, the alternator capacity
Is very important in keeping Indiscretion rate low, because the recharging time Is less.
Howaever, there Is a limit to the recharging rate, since the same type of Inefficlency exists

In recharging the battery as in drawing power from it.

The indiscretion Interval is also discussed and computed In Appendix H, and the results
are shown in Figure 9-6. For very low speeds, the indiscretion interval becomes much
greater, then tapers off to a maximum. The batteries of all of the submarines benefit
from being operated at a lower power level, which frees up more avallable energy, and

accentuates the already increasing indiscretion interval.

8.1.5 Overall Endurance Range

For the purposes of this study, overall endurance range shall be defined as the range
the submarine can achieve at constant speed, all factors considered. In other words,

when the submarine exhausts one set of supplies, be it fuel, water, provisions, or
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battery, It has completed its journey, and its range at that speed Is defined as the length

of that journey. However, battery range does not figure into overall range, since the
battery may be recharged as long as there is fuel remaining. So overall range will

depend upon whether provisions or fuel are exhausted first at a given speed.

Figure 9-7 shows plots of provision and fuel range for speeds between two and ten
knots. Provision range Is directly proportional to the vessel speed, since the time rate of
provision consumption is assumed constant. If a submarine were to be designed solely
to maximize endurance range at a constant speed, then ideally provisions and tuel
would be exhausied simultaneously, at the speed of best fuel endurance range. Real
diesel-electric submarines usually need extra fuel since they may need to conduct high-
speed actlons which require more fuel per mile. As such, Figure 9-7 reveals that nearly
all of the conventionally-powered boats have provision ranges less than their fuel range
at the optimum fuel range speed. This Indicates a deliberate loading of additional fuel to

allow the overall range to be Increased, and for It to occur at a greater speed.

For the nuclear-powered RUBIS, the overall range Is normally taken as the provision
range. The fuel range on emergency diesel, with 100% expenditure of bunker fuel, Is

shown in Figure 9-7 for comparison.

8.2 Weapons Systems

8.2.1 Weapons Launching Systems

The number, length, diameter, and launching method of a submarine's torpedo tubes are
important military parameters. They determine the size and type of weapon which may
be employed by the submarine. The number of torpedo tubes Is related to the number
of weapons which may be fired In a salvo, and perhaps also to the fire rate. Whether a
.submarine has the ability to track multiple targets and direct multiple weapons to those

targets was not available in the open literature.
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The launching system Is Important because it determines whether cruise missiles may

be fired from the torpedo tubes. At this time, nothing was found In the open literature to
state that swim-out encapsulated crulse missiles have been developed, so any
submarine not using some type of positive ejection system to launch weapons cannot
employ cruise missiles. It Is the author's opinion however, that self-launching cruise

missiles may be in development.

The standard tube diameter In the West Is 21 Inches (533mm) which will accomodate
the heavywelght torpedoes and encapsulated cruise misslles made Iin the West.
Lightwelght torpedoes are 15 inches in diameter, and are carried on surface ships,

aircraft and some smaller submarines, such as the MIDGET 100.

Table 9-2 lists weapons systems parameters. The term "Water Slug" is used to denote
a positive ejection launch mechanism, although the details of the exact type were not
found In the literature. Note that KILO, WALRUS, RUBIS, BARBEL, and TYPE 2400

employ positive ejection methods while the remaining five do not.

Evaluating the combat systems effectiveness of a submarine based upon the number of
tubes and reload torpedoes possessed is tricky. On one hand, the assumption could be
made that all torpedo tubes have equal fire and reload rates, and that each submarine
can compute and maintain fire control solutions for as many targets and torpedoes as |t
is equipped with torpedo tubes. In this scenario, advantage clearly belongs to the
submarine with the most tubes. On the other hand, It could be assumed that a designer
equips a given submarine with an abundance of tubes because of anticipated poor tube
rellabliity, or poor weapon kill probability. In actuality, there is not enough data in the
open literature to make a detailed evaluation of the combat systems effectiveness. For
the purposes of this study, it shall be assumed that all torpeco tubes have equal fire and
.reload rates, and that each submarine can compute and maintain fire control solutions

for half as many targets and torpedoes as it is equipped with torpedo tubes.
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WEAPONS SYSTEMS KILO WALRUS RUBIS BARBEL TYPE
PARAMETER REF REF REF REF 2400 REF
PRIMARY TORP TUBES 8 (17) 4 (7) 4 (10) & (35) 6 (32)
OTHER TUBES o 17 o (7 0 (10) 0 (35 0 (22)
NUMBER OF RELOADS 10 (17) 20 C17) 10 (10) 6 (3D 12 (32)
TUBE DIAM, (in) 21 (e) 21 (7 21 (17) 21 (35 21 (32)
TORPEDO LAUNCH WATER (e) WATER (16) WATER (e) WATER (e) WATER (32)
METHOD SLUG SLUG SLUG SLUG SLUG
TORPEDO NAME MK-48 (22) F17FP (22) MK-48 (22) SPEARFISH
TORPEDO SPEED, Kts 30 (&) 55 (22) 40 (el 55 (22) 70 (22)
WARHEAD WGT, Kg 300 (e 300 (22) 250 (22 300 220 180 (e)
TORPEDO RANGE, Km 40 (e 45 (22) 40 (e 45 (22) 45 (22)
CRUISE MISSILES? YES (e YES (17) YES (22) VES (e VYES (22)
MAX NMBR CARRIED 18 (e) 24 (17 14 C17) 12 (e) 18 (e
MISSILE NAME SSN-21 (26> UGM-84(17) SM-39 (22) UGM-84 (e) UGM-8B4(22)
MISSL RANGE, Km 125 (e) 125 (e S0 (17 125 (e) 125 (e
WARHEAD WGT, Kg 150 (e 150 (e 125 (17) 1530 (e) 150 (e)
MINE-LAYING?? YES (23) YES (e) YES (e) YES (e) VYES (32)
MAX NMBR CARRIED 20 (e) o <¢ed 20 (e) 12 (e) 24 (e
WHERE CARRIED WITHIN (e) WITHIN (e)> WITHIN (e> WITHIN (e) WITHIN(32)
DEPLOYMENT METHOD TUBES (e) TUBES (e) TUBES (e) SELF (e) TUBES (32)
WARHEAD WGT, Kg 600 (&) 600 (&) 600 (e) 300 (e) 600 (e

SWIMMERS CARRIED? VYES (e) NO (e) NO (e) NO (e) VYES (32)
AIRLOCK CAPACITY 2 (e) N/A (e) N/A (e) N/A (e) 5 (3D
SWIMMER CHARIOTS? NO (e) NG (e) NO (e) NO (e) NO (e)
MAX NMBR POSSIBLE N/A (e) I/A (e) N/A (e) N/A (e) N/A (e)

AAW ROCKETS MAYBE (17) NO (e) NO (e) NO (e) NO (e)
NUMBER ? (17) N/A (e) N/A (e) N/A (e) N/A (e)
GUNS NO (e) NO (e) NO (e) NO (e) NO (e)
CALIBER N/A (e) N/A (e) N/A (e) N/A (e) N/A (e)

Table 9-2: Weapons Systems parameters. (Sheet one of two).
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WEAPONS SYSTEMS TYPE TYPE SAURO VASTER- MIDGET
FARAMETER 1700 REF 2000 REF REF GOTL'D REF 100 REF
PRIMARY TORP TUBES 6 (7O 8 ) 6 (3 6 (36) 4 (1)
OTHER TUBES o (7) 0o 0 (3 3 (36 0 1)
NUMBER OF RELOADS 16 (7) 2 (3 6 (3 & (Z6) 0 (29)
TUBE DIAM, (in) 21+ (7D 21+ (e) 21 (5) 21B,15(36) 15+ (33
TORPEDO LAUNCH SWIM (7)) SWIM (3) SWIM (12) SWIM (36> SWIM (1)
METHOD auT ouT ouT ouT ouT
TORFEDO NAME SEAL (22) SEAL (22) A184 (22) TP617 (22) (LWT)Y (33)
TORPEDO SPEED, Kts 35+ (22) 35+ (22) 30 (e) 60 (22) 40 (e)
WARHEAD WGT, kg 260 (225 260 (22 250 (e) 250 (22) S50 1)
TORPEDO RANIGE, Km 35+ (22 35+ (22) 28 (22 70 (ed 12 (e)
CRUISE MISSILES? NO Ce) NO Ce) NO (e) NO (e) NO (e
MAX NMBR CARRIED N/A (e) N/A (e) N/A (e N/A (e) N/A (e)
MISSILE NAME N/7A (e) N/A (e) N/A (e) N/A ey N/A (e)
MISSL RANGE, Km N/A (e) N/A (e) N/A te) N/A (e) N/A (e)
WARHEAD WGT, Kg N/7A (e) N/A (e) N/A (e) N/A e) N/A (e)
MINE-LAY ING? YES (e) YES (e)» YES (e VYES (362 YES (23
MAX NMBR CARRIED 32 (e) 24 (e) 12 (e) 22 (e) 10 ¢29)
WHERE CARRIED WITHIN (e) WITHIN (e) WITHIN (e> PODS (7)) PODS (23)
DEPLOYMENT METHOD SELF (e) SELF (e) SELF <(e)> SELF (7)) PLACED(29)
WARHEAD WGT, Kg 300 (e) 300 (e) 300 (e’ 600 (e 600 (29)

SWIMMERS CARRIED? VYES (31) VYES (31) NO (e) NO (e) NO* (29)
AIRLOCK CAPACITY 3 (e) 3 (e) N/A (e) N/A (e) N/A (29)
SWIMMER CHARIOTS? NO (e) NO (e) NO (e) NO (e) NO* (29)
MAX NMBR POSSIBLE N/A (e) N/A (e) N/A (e) N/A (e) N/A (29)

AAW ROCKETS YES (31) NO (e) NO (e) NO (e) NO (e
NUMBER 4 (31) N/A (e) N/A (e) N/A (e) N/A (e)
GUNS NO (e) NO (e) NO (e) NO (e) YES (1)
CALIBER N/A (e) N/A (e) N/A (e) N/A (e) 40mm&20mm

o o . o S T S P e S S S — — —— . T S e S S S S S S SR S S S e S S S S e S S S AT S S S S S S S S e S S S S S e S S S S E S e M e S S S
1+t i1t 3 1ttt 11+ttt 1t -ttt 1ttt

Table 3-2: Weapons Systems parameters. (Sheet two of two).
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8.2.2 Torpedoes
Torpedoes have been the weapon of choice for subma-~ne use. Although much slower
than guns or misslles, the torpedo {s employed very effectively by submarines because
of the submarine’s stealth. Because the torpedo warhead explodes beneath the surface
of the water, it Is more damaging to the hull structure of a surface vessel than an

equally-sized missile warhead.

There are several heavyweight torpedoes manufactured In the West, all of which are
compatible with the free-world submarines of this study. Allare effective weapons within
their fiing envelopes. The size of the envelope Is the important critera, and is governed
by the speed, range, and depth capabliities, by the onboard sensing and logic systems,
and by the presence or absence of a datalink to the parent submarine. Superior speed
Is needed to overtake the target, the rule of thumb being twice the anticipated target
speed, Reference (14). Sufficient range and depth capabifies are also necessary to
complete the pursult, and the sonar and fogic chcuits aboard the torpedo are Important
for terminal guidance. The datalink (such as wire-guidamce) with the mother sub is

Important for mid-course guidarice.

Perhaps the most capable heavyweight torpedo In the West Is the MK-48 ADCAP,
Reference (14), primarily because of its speed, range, and depth capability, the exact
values of which are classified. However, the torpedo parameters listed in Table 9-2 are

suitable for comparison.

8.2.3 Crulse Missiles

The capabllity of a submarine to carry cruise missiles gives the it the medium-range (50
nautical mile) stand-oft attack mode against surface targets which was previously the

province of only surface ships and attack aircraft. Only those submarines equipped with
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a posltive ejection system (and the requisite fire control electronics) may currently

employ cruise missiles. Fire control solutions would most likely be gained by passive
array sonar, which may have ranges up to 45 kllometers or more, the exact values being

classified.

The ability of a submarine to carry crulse misslles Is clearly an advantage. For those
ships able to employ them, encapsulated cruise missiles may be loaded In lisu of

heavywelght torpedoes on a one-for-one basts.

8.2.4 Mine Laying

A submarine, particularly a diesel-electric submarine, Is Ideally equipped because of Its
stealth to conduct covert mining operations. Many offensive mining scenarios call for
covert placement of the minas. In general, two small mines may be loaded In teu of one
heavywelght torpedo. Table 9-2 lists mine lay'ng pe ameters. Submarines not equippea
with positive ejection tubes must employ self-propelled mines. Kockums Shipyard,
manufacturer of the VASTERGOTLAND, has developed an external mine-belt
conveyance system, the advantage of which Is that a full load of mines may be carried

without ah acting the torpedo load.

8.2.5 Other Weapons Systems

The use of combat swimmaers for reconnalsance and other activities Is believed to be a
primary mission area of some diesel-electric submarines. It is known that the TYPE
2400, TYPE 1700, and TYPE 2000 submarines are equipped with swimmer lockout
chambers, detalled in Table 9-2. KILO Is judged by the author to have this capability as
well. A variant of the MIDGET 100 Is constructed with a four-person swimmer lockout
chamber instead of the four lightweight torpedo tubes. The MIDGET 100 may also tow
swimmer delivery vehicles to the operating area, but this must reduce its endurance

range.
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KILO may be equipped with anti-air missiles mounted in the fairwater. These may have
been installed in response to the high state of aircraft-based anti-submarine wartare

(ASW) capabllities among NATO forces.

MIDGET 100 Is equipped with a 20mm and a 40 mm deck gun. This further indicates

that the primary mission area of this vessel Is special operations.

8.3 Command, Control, Communication, and Information

8.3.1 Sonar

The primary sensor of the modern submarine Is passive sonar. The structure of the
sonar may be conformal hull-mounted array. trailed linear array, or spherical, cylindrical
bow-mounted array, or a composite sensing system made up of several of these arrays.
The advantage of passive sonar Is that the submarine can remain undetected while
observing its environment. A submarine with a passive sonar is able to determine the
bearing of a sound source. When equipped with a sensitive conformal or trailed linear
array, the submarine can get range information as well from the time delay in reception
of the incident sound waves. With range and bearing information, the computation of fire

control solutions is possible.

Active sonar is usually used tactically to confirm the computed target range by a single
active "ping" immediatly prior to weapon launch. It iv typically at this point that opposing
sonar-equipped vessels, both surface ships and other submarines, first become aware
of the sub's presence. For reasons of stealth, active sonar is not often used by a

submarine on patrol.

The quintessential parameter of sonar performance is sensitivity.  Sensitivity and
discrimination, to be able to detect a potential target and separate its sound from the

ambient noise in order to verify its existence and possibly its identity. The detection
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range Is dependent upon the sensitivity of the sonar, and detectabiiity is the "name of

the game" when stealth and first-strike capabllity are of paramount importance.
Unlortunately, because of its Importance, detection capabliities of sonar equipment is not
avallable In the literature. The literature does have information on the manufacturers,
and In some cases the particular model, of the various sonars installed in the subject
submarines, as may be seen in Table 9-3. All of the submarines in this study are
equipped with both active and passive sonar, and most have a towed linear or flank

conformal array sonar as well.

8.3.2 Periscopes

The traditional submarine sensor is the periscope. Modern periscopes are equipped
with telescopes, rangefinders, infrared adapters, and electro-optical and photographic
adapters. All of the submarines in this study are equipped with two periscopes. search
and attack. It Is the author's opinion that every submarine is fitted with the above
mentioned periscope augmentation gear, although the literature did not confirm this.
The names of the periscope manufacturers are listed with their host submarines in Table

9-3.

8.3.3 Radar

Radar is used by submarires primarily for navigation during sea detail and other
navigational situations, but could also be used in a combat role. Of particular interest is
the Decca radar mounted on WALRUS. The Decca is popular on a number of
commercial vessels. so the employment of it by WALRUS in a crowded shipping lane
(and under limited visibility conditions) would not raise alarm. Available radar

information is listed in Table 9-3.
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COMMAND
__AND CONTROL

PASSIVE SONAR
ACTIVE SONAR
ARRAY SONAR

BARBEL

SHIPS SENSORS
(17) SIASS (22) DSUV22(17)
(17> OCTOPUS
(e) T-2026 (7) DUUX-5C17) ?

YES YES
YES

YES

RADAR SNOOP (17> DECCA CALYPSO YES
ELECT SURVEILLNCE YES (e) SIGNAAL YES (e) VYES
PERISCOPES YES (e) KOLLMORGAN SOPELEM 2
XBT NO (e) NO (e) NO ()  YES (e
INERTIAL GUIDANCE SEMI (&) NO (e) NO (e) SEMI (e)
COMMMUNICATION SYSTEMS
U/W TELEPHONE 2 YES (e) TUUM WQC-2
HF RADIO YES (e YES (e YES (e) YES (e
VHF RADIO YES (e) YES (e YES (e) YES (e)
UHF RADIO YES (e) NO (e) YES (e) YES (e)
VLF RADIO YES (e) NO (e) YES (e) YES (e
AUTOMATED CONTROL STATIONS
SHIP CONTROL
MFGR: SOME (e) SEWACO(18) YES (e) SOME (&
MODEL.: VIII (18)
FIRE CONTROL
MFGR: YES (e) THOMSON- 7
SIGNAAL SINTRA
MODEL.: GIPSY (7D MK-101
PROPULSION
MFGR: SOME (e) VYES (e) YES (e) SOME (e)
MODEL:

TYPE

REF 2400 REF

(33) T-2019 (7)
DUUA2B(17) BRS-4 (17) T-2040 (7)

TOWED (1)

(35 T 1007 (7D
(35) RACAL
(35) BARR&STFOU

7

YES (32

SEMI (e)

YES (32
YES (32)
YES (32)
YES (32
(LF)Y (32)

ONE-MAC(12)

YES (32)
FERRANTI-
GRESHAM
DCC

Table 9-3: Command, Control, Communication, and Information systems.

(Sheet one of two).
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COMMAND TYPE TYPE SAURO VASTER- MIDGET
AND CONTROL 1700 REF 2000 REF REF GOTL'D REF 100 REF

SHIPS SENSORS

PASSIVE SONAR KAE (7) CSU 24 IPD 70/85 KAE CSU-83 YES ()
ACTIVE SONAR KAE (7) CSU 3-4 IPD 7C/S KAE CSU-83 YES (7»
ARRAY SONAR DUUX-5 (7) CSU 3-4 IPD 70/S YES (36) NO (e
KRADAR SMA (7) YES SMA 3RM20 THERMA(ZE) NO (el
ELECT SURVEILLNCE NO (7) YES YES (@(12) ARGO (7) NO (e)
PERISCOPES FOLLMORGAN 2 FOLLMORGAN BARR&STROUD (TWOX(3ZE!
XBT YES (e) YES e) NO e) NO (e) NO (e)

INERTIAL SUIDANCE NO (e) NO (e) NO (e SEMI (36) SEMI (&)

COMMMUNICATION SYSTEMS

UNDERWATER TELEPHONE YES (e) YES ((12) YES e) NO (&)
HF RADIO YES (e YES 12> YES (36) YES (e
VHF RADIO YES (e) NO a2 NO (e) YES (e
UHF RADIO YES (e YES 12 YES (G6) NO (&)
VLF RADIO NO (e) YES U2 NO (e) ND (e)

AUTOMATED CONTROL STATIONS

SHIP CONTROL

MFGR: SAGEM (31> YES (e) YES (12) SAAB (19) YES (29
MODEL:
FIRE CONTROL
MFGR: SIGNAAL YES (e) SEPA DATA (26) YES (29)
SAAB
MODEL: SINBADS MK-3 NEDFS (3&»
PROPULSION
MFGR: YES (7) YES (e) YES (e YES (@ VYES 29
MODEL.:

Table 9-3: Command, Control, Communication, and Information systems.
(Sheet two of two).
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8.3.4 Electronlic Survelllance Measures

Electronic surveillance (ESM) is a more valuable combat tool than radar because the
submarine does not reveal itself when using ESM. ESM is the passive sonar of the
electronic Information realm, and may be used to assist in the identification of a contact.

The manutacturers of the submarine ESM gear are listed in Table 9-3.

8.3.5 External Communications
Table 9-3 lists the available information on communications systems.

The necessity of a submarine to be al;le to communicate with friendly operating forces is
essential. Because of data links with alrcraft and other surface units, surface ships
generally have knowledge of a much greater area than submarines. The submarine
must communicate with friendly forces in order to cooperate most effectively with friendly
forces. The methods of communication avallable are various radio frequency bands,
and underwater telephone. High frequency (HF) radio Is generally used to communicate
with shore stations by tecletypewriter. Very high frequency (VHF) radlo is used to
communicate at distances just beyond the horizon. Ultra high frequency (UHF) is usetul
for line-of-sight communication, and as such has a shorter range but will allow the
submarine to remain undetected to surface units beyond the horizon. Very low
frequency (VLF) radio receivers were designed for use aboard strategic ballistic-missile

submarines, but have been installed on some patrol submarines as well.

Underwater telephone may be used for two-way communication while the submarine is
submerged, which is not possible with radio. Underwater telephone uses encoded
sound pulses sent through the main active sonar array or through a separate dedicated

transducer. It has limited range.



-76-

8.3.6 Automated Controls

Automated control systems have revolutionized the design of the submarine. By
automating the propulsion and auxiliary plants, and Integrating and computerizing the
sensors and cornmand centers, the required complement has been halved. A smaller
complement frees up space and weight for other areas such as provisions, fuel. battery,
or weapons reloads. The volume and welght cost of automating is less than the volume
and welght saved due to the crew reduction it allows. The other costs of automating are
a sharp increase in system complexity, with a multiplication of the probability of system
fallure, a decrease in systems avalilability, and an increase in preventative and corrective
malntainance actions. Additionally, during casualty situations, when manual backup

may become necessary, it Is an advantage to have a high man-tc-equipment ratio.

All of the submarines except BARBEL and possibly KILO use advanced automation
technology and hardware. TYPE 1700, TYPE 2000, VASTERGOTLAND, and MIDGET
100 use it the most extensively, and with good results. Manufacturers of automation and

control hardware are listed in Table 9-3.

8.4 Ship Support

The ship support functional group is concerned with the amount of space and weight
needed to support the mobility, weapons, and C3! groups. it Is made up of the
habitability spaces, passageways, and provisions, and Is directly proportional to the
number of crewmembers. Depending upon one's viewpoint, the crew may or may not be
included in the ship support functional group, but for this study. the crew itself Is
considered to be an integral and operational part of the other three functioral groups.
So ship support systems do not contribute directly to the performance of the submarine’s
mission, but are nonetheless essential to the proper functioning ot the submarine as a

whole.
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Appendix K lists the miost important physical and psychological factors affecting crew

endurance. Submarine crews are an elite and dedicated group who are accustomed to
the close quarters of life aboard a submarine, but each man has his own tolerance level
for spartan conditions. Table 9-4

lists ship support and habitabllity parameters, many of which are only estimated from the
reference plrtures of the submarines. The most Important parameter Is the volume-per-
man, given in cubic feet per man. WALRUS is by far the most voluminously-appointed
vessel with 555 cubic feetman, and MIDGET 100 is by far the least with one fifth of that
value. The other boats are furnished with between approximately one-half to two-thirds
the volume per man as WALRUS. An examination of the days of provision loadout for
each vessel hints at the reasons for the great disparity in specific volumes - the mission
duration of WALRUS is about five times that of MIDGET 100. Another explanation is
that ditferent cultures have different levels of personal privacy needs, and the respective

shipbuilders have reflected that in thier designs.

Of particular note Is that on BARBEL and SAURO, and MIDGET 100 as well, when
loaded with combat swimmers, some berthing is located on the torpedo racks, whereas
the other submarines have all berthing located in designated berthing compartments.
Also, MIDGET 100 does not have a mess room, although there is a space designated as

the galley/scullery.

8.5 Acoustic Countermeasures

Stealth and undetectability are essential for effective combat actions particularly for
diesel-electric submarines, which have a limited submerged range, and must be
indiscrete while recharging batteries. Diesel-electric boats are considered quieter than

nuclear boats when operating on battery, and there has been an intense effort by all



SHIP SUPPORT KILO WALRUS RUBIS BARBEL TYPE
SYSTEMS REF REF REF REF 2400 REF
TOTAL COMPLEMENT: 45 (17) S0 (24 66 @ 77 (17) 44 (32)
OF FICERS: 15 (&) 7 A17) 9 & 8 a7 7 (32
ENLISTED: 30 (e 43 (17 S7 @ 69 (17) 37 (32
NR OF BERTHS 45 (&) 50 (e) 66 (10) 79 (3D 46 (32
NR OF LOCKERS 45  (e) 50 (e 66 (1M 19 (35 44 (32)
NR OF MESS SEATS 25 (e 40 (&) 32 (@ 26 (25 26 (32)
FRESH WTR, Lton 4.5 (e 10 (e» 13.2 (el a3 (34 21.9 32
EVAP PLNT, gal/day 450 (e) 1000 (e) 1320 (&) 924 (e) g40 (32)
WTR, gal/man—-day 10 (el 20 (e 20 (&) 12 (e 19.09
NR OF COMMODES 3 (e S5 (el 4 () 4 (39) 3 3D
AIR PURIFICATION YES (e YES (23 YES 10) YES (33 YES G2
P-WAY WIDTH, (in) 30 (&) 26 (e 32 (e) 28 (35 33.7 (12
SHIP SUPPORT VOL: 14000 (e) 27732 <(e) 15990 (e) 14562 (e) 11428 (e)
S5S VOL/MAN: 311.1 955.0 242.2 189.1 259.7
PROVISIONS, Days 45 (e 70 (7) 60 (10 60 (e 43 17)
SHIP SUPPORT TYPE TYPE SAURO VASTER- MIDGET
SYSTEMS 1700 REF 2000 REF REF GOTL'D REF 100 REF
TOTAL COMPLEMENT: 30 (& 30 (3 45 (12 20 (36) 12 (33
OFFICERS: 8 (e 7 (el 7 (e 7 (e 4 (e
ENLISTED: 22 (e 23 (& 38 (e 13 (e) 8 ()
ON
NR OF BERTHS 3z @@ 20 (&) 45 TORPS 20 (e 8 (e)
NR OF LOCKERS 32 (e 20 (e 45 (o) 20 (e) 12 (e)
NR OF MESS SEATS 20 (e 22 (&) 20 (e 14 (e 0 (e
FRESH WTR, Lton 6 (@& 6 (& 9 (12) 3.78 (e 0.96 (&)
EVAP PLNT, gal/day 600 (e) 600 (&) 710 (12) 378 (e) 96 (e)
WTR, gal/man—-day 20 (&) 20 (e) 15.77 (11 18 (e 8 (e)
NR OF COMMODES 3 (e 4 () 2 (e) 2 (e Z (2P
AIR PURIFICATION YES (e YES (e) YES 11) YES (36) YES (29
P-WAY WIDTH, (in) 30 (e 26 (e 28 (e) 32 (e 36 (e)
SHIF SUPPORT VOL: 10043 10000 9817 7564 1265
SS VOL/MAN: 334.7 333.2 218.1 378.= 105.4
PROVISIONS, Days 70 (21 70 (e) 45 (21) 30 (el 14 (33

Table 9-4: Ship support systems parameters.
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submarine manufacturers to reduce the sound emanation level as low as possible. with
the desired goal of being only as noisy as the amblent ocean. This Is actually a variable
goal, since high sea-states are much nolsler than low sea-states. and the silencing goal

has certainly been met on a number of submarines for higher sea-states.

Some of the more prevalent and unclassified methods of submarine silencing are shown
in Table 9-5. The use of propeller silencing, conslisting of refinements in the
hydrodynamic shape of the propeller, resillent mounts for machinery, and a lew speed
malin shaft Is common to all the boats. Only KILO and TYPE 2400 employ anecholc hull
covering, and all boats except BARBEL have gearless main shaft drives. These
parameters still only give qualitative indications of the silence of each submarine in
operation, since the effectiveness of the silencing methods is likely to vary among the

ships.

8.6 Survivablility and Damage Control

A submarine is inherently a warshlp. Because of Its limited volume and relatively high
cost per ton, there are few commercial ventures which would choose a submarine over a
surface displacement vessel. Being a warship, it must be expected that it shall be
required to venture into harm'’s way. The importance of stealth, silencing, first detection,
and first-strike capabilities have been discussed. The survivability shall now be

discussed.

In the event that a submarine is hit. the strength and toughness of its hull. and its
reserve bouyancy (ballast tanks) are the material-world determinants of its future.
Information on hull strengths and geometry of construction are not available in the
literature, but an estimate may be gleaned from knowledge of the immersion depth.

Appendix L lists several factors impotant to submarine vuirerability and survivability,



ACOUSTIC KILO WALRUS RUBIS BARBEL TYPE
COUNTERMEASURES REF REF REF REF 2500 REF

RESILIENT MOUNTS YES (e YES 17) YES (e) VYES (e) YES (32
ANECHUIC HULL COVR YES (e) NO (e) NO (e) NO (e) YES (32)
PROPELLER SILENCNG YES (e YES ((17) VYES (e) YES (e YES (22)
LOW SPEED SHAFT YES (e YES (e) VYES (e) YES ey YES (e

GEARLESS DRIVE YES (e) YES (e) YES (e) NO 17> YES (&)
TYPE TYPE SAURO VASTEE- MIDGET
1700 REF 2000 REF REF GOTL'D REF 100 REF

RESILIENT MOUNTS YES (e) YES (e) YES ((12) YES (19 YES (29
ANECHOIC HULL COVR NO (e) NO (e) NO (e) NO (e) NO (&)
PROPELLER SILENCNG YES (e YES (e YES (12) YES (19 YES (&9
LOW SPEED SHAFT YES (e) VYES ey YES (12) YES («139) YES (&9
GEARLESS DRIVE YES (e) YES (e) YES «12) VYES ey YES (29

FLOODING KILO WALRUS RUBIS BARBEL TYFE
FROTECTION REF REF REF REF 2400 REF
NR OF WT COMPTMTS 4 (e 3 (e 3 (e 3 (el 3 (e
VOLUME OF LARGEST 20000 (e) 265300 45330 18450 24720
WT SPACE, cuft
MBT VOLUME, cuft 24500 12250 9975 113240 8400
MET/COMPT RATIO: 1.225 0.462 0.217 0.614 0.239
TYPE TYFE SAURO VASTER- MIDGET
1700 REF 2000 REF REF GOTL'D REF 100 REF
NR OF WT COMPTMTS 3 (e 3 (e 3 (e 2 (26) 1 (&
VOLUME OF LARGEST 28925 26446 19300 19971 3370
WT SFACE, cuft
MBT VOLUME, cuft 7350 9310 €300 2450 420
MBT/COMPT RATIO: 0.254 0.352 0.32 Co0a2R 0,124

Table 39-6: ILompartment measurements germane to damaged survivability.
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Table 9-6 details calculations of reserve bouyancy limits in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>