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ABSTRACT

Specific questions pertaining to the modularization
of Command and Control spaces aboard a naval combatant
ship are addressed. An 8'x 8'x 20° container is used.
Container construction, configuration, sttacrhments, and
arrangements are discussed, Fluid, power, and data flow
problems are examined, Selection matrices for each

area are presented and specific recommendations made.
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PREFACE

Many studies have been conducted concerning the feasibility and
desirability of a modularized warship, Previous studies, however, have
neglected certain hardwaré items which are sessentidl to the workability
of a modularized ship,

At the invitation of the Naval Ship Engineering Center, Code 6110,16,
a design team was formed to study possible solutions to these aspects of
the modularization problem. Specific tasks were set forth in NAVSEC
Task Order 6110,16 - 34 HGB2, The group's. participation was in conjunction
with a senior engineering design course directed at involving midshipmen
in real problems, rather than purely academic ones,

It is the intent of this report, therefore, to focus on the hard-
ware considerations intrinsic to the design and attachment of the container
to the superstructure and to determine soliuitions for the fluid, power and
data flow interface problems, ’

INTRODUCTION

The design team was divided into three groups, each working on a
specific area of the problem., The areas of investigation were: 1) the
module and its attachments, 2) the electrical and data flow interface,
and 3) the fluid flow interface, In each area.a number of alternative
sclutions were examined, The principal meshod of evaluation of these
alternatives invclved the establishment of a selection matrix, In this

nethod a number of relevant evaluation.criteria were established for

each system lnder consideration, Each criterion was assigned a2 weighting
factor (0 to 1.0) based on its relative importance in the judgment of

the group, Each alternative was then rated (1 to 10) on how well it met
each of the evaluation .criteria, again in the judgment of the group.

For example, in & certain system the criterion of flexibility might be
assigned a weighting factor of 0,3 and the alternativeé of steel and rubber
might be assigned ratings of 1 and 9 (bvased on }-very stiff and 10-very
flexible). Weighted ratings, the product of the relative ratings and their

weighting factors: (0,3-rubber, 2,7-steel), are summed tTo provide

1,
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total rating for each alternative, The alternative with the highest total
rating was considered the optimum soiution.

In the interest of simplicity, the design was limited to a single
Command and Control System, the requirements of which are shown in Appendix
A. This system, specified by NAVSEC, 6110.16 is based on general character-
istices of a typical Command and Control System but apply #n no specific
naval ship, Module size is 1limited to 8' x 8' x 20°.

This report is-organized by sections based on the aresas of the problem
definition., ‘Recommendations for future work by USNA design teams are includ-
ed in Section 7.0, Technical and supplemental data are included ‘in the
appendices,

1.0 CONTAINER SELECTION

As the task order specified the container size, two variables remained
to be evaluated; container material and container construction method,

The candidate materials for construction of the containers were mild
steel, HTS, stainless stéel and aluminum. Gibbs ahd éoxl* stated that a
steel container (mild steél) would be more durable -and would cost 25 to
30% less than. a comparable aluminum unit, The point was also made that the
use of stainless steel would largely eliminate the maintenance problems
involved in using steel,

This analysis, however, was conducted using aluminum containers, They
are approximately half thé weight, are easier to maintain than mlld steel
and less expenisive than stainless steel. However, a detalled trade off
study of aluminum versus other materials was not made nor was the corrosion
problem of coupling aluminum to steel -adequately studied,

The second variable, container construction, suggested two alternatives:
standard containers, such as the Freuhauf and Craig Corporation vans, or
convertible containers i.e.,, containers with removable side panels.

1., "T4E Ship Rapid Refit Study," Gibbs and Cox,Inc, Rpt 17551-59-808
(1-644), 16 March 1973,

Additional uncited references are listed in the Bibliography at the end

of the text, pages 101 to 103.

*
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Tzble 1-1 summarizes the advantages and disadvantages of convertible
crfitainers as compared to completely hardened containers. Weighing
the relative merits and deficiencies of convertible containers, it is
the conclusion of this group that the advantages involved outweigh.
the disadvantages relative to a standard container, The;)rore,‘removable
panels are a strongly recommended feature,

A special extrusion is specified for the basic skeletal framing,
The fact that a large mimber of containers would be built suggests
that this added cost could spread out over the number of units built,
bringing unit acquisition costs down to a more acceptable level,

The use of aluminum contalners mounted on an HTS deck presents a
possibility of galvanic corrosion at the interface of the two materials.
The galvanic incompatability of aluminum and a carbon steel (1.e, mild
steel or HTS) is high; however the incompatability between aluminum
and a stainless steel is not as severe, especially when there is no
continuous intimate contact with sea water,

The recommended solution is to maintain the use of aluminum
throughout the container structure and the connecting twist lock corner
fitting, The interface would be achieved by welding the aluminum: twist
16ck base to the aluminum face of an explosively bonded aluminum-steel
mounting paid which is in turn welded to the steel deck, The use of
aluminum in the twist lock assembly is subject to development of
fittings with adequate hardness. An alternate solution would be to wuse
stainless twist lock fittings and provide the galvanic isolation by the
u-  f explosively-bonded panels welded to the interior faces of the
twist lock corner fitting where the aluminum corner posts and floor
beams would be welded,

Details of the recommended convertible container configurations
are shown in Figures 1-1 through 1-5%

¥Figures will be found on pages 44 to 89,
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Table 1-1
ADVANTAGES AND DISADVANTAGES
of
CONVERTIBLE . CONTAINERS

ADVANTAGES

1)

More standardiged frame construction would permit lower unit

acquisition cos% than if two different modules have to be
developed

v

2) Panel removal would redute system weight

3)c Panel removal would greatly increase the number of possible
deck plans

4) Panel removal would greatly enhance system habitability

5) With panels removed, adjoining containers could be securely
connected using bolt holes in. each container provided for panel
attachment

6) Ease of access for equipment replacément and repair

7) Personnel access would be improved

8) Interface problems would be simplified

9). Hardened panels could be attached only when necessary, saving
weight,

DISADVANTAGES
© 1) Not as rigid

2) Total refit time would be fractionally longer

3) Construction tolerances would have to be closer

4) Complexity would increase cost

5) Not currentily available, whereas "conventional containers are

stock items (Chesapeake Instrument, Craig, Fruehauf).
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: 2.0 ATTACHMENTS

The word attachments refers to the actual physical connections used
to secure the ¢ontainers. It includes both container-to-deck and

container-to-containe» connections.

e 2,1 Contain.:-To-Deck Attachments o ¢
; N

One of the most important questions in the analysis of the modularized 3
ship is how the container will be attached and held to the deck, :

The following five alternative methods, each ‘having its own advantages .

ey
<

and disadvantages were considered: :
1) pérmanent foundation with an intermediate mounting frame ,

2) twist 1locks with raised permanent deck sockets
3) twist locks using a dimpled plate to build a foundation or a
raised deck socket

AR A

L) a battle hardened crib secured with Nelson Studs

e

5) the use of intermediate mounting angles and clips

TR

Since the ability to stack the modules was considered of prime

B

importance, it was included as a criterion in the selection matrix,

2.1.1 Method (1) - Permanent Foundation with an Intermediate Mounting
Frame

e

*

Method (1) is illustrated in Figure 2-1 standard medium steel angles ;
© are permanently welded to the steel deck, The aluminum face of an .
explosively bonded aluminum-steel mounting plate is welded to the base f
of the nodule (not shown in figure), A medium steel channel is welded
to the steel face of the mounting plate., The flanges of the channel
and the angle are then through-bolted to effect the connection, A

} similar method was used by The Chesapeake Instrument Corporation as the

Se
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metnod of attachment for its towed array control module.

2.1.2 Method (2) Twist locks with Raised Permanent Deck Sockets

To preserve the strength of the deck and to reduce initial costs,
raised deck sockets welded tn an explosively bonded deck mounting plate
are recommended instead of deck sockets which are recessed into: the deck.
The use of raised sockets indicates the existence of a space, a void,

béetween the deck and the bottom of the module., Consequently, maintenance

is a disadvantage of this method., Great difficulty: would be experienced
trying to maintain the deck area beneath the raised container if container
remained in place for long periods of timé, Corrosion is reduced in the
recommended total system through the elimination of weather effects on

the module (see Section 5).

Two types of deck sockets with related twist locks are illustrated
in Figure 2-2, Modules would be attached with twist locks to deck

sockéts welded to the deck., The quick connect and disconnect feature of

the twist locks enhances. the system's rapid refit capabilities.

2,1.3 Method (3) -~ Twist Locks.Using Either Dimpled Plates to Build a Foundation
or a Raised Deck Socket

This altérnative is very similar to the previous ons., It was
considered because of its one obvious added advantage., If all attachments
are removed from this configuration, the deck will be completely clear of
obstructions, The use of dimpled plates will tend to increase the time
of refit, however, and increase cosl and maintenance requirements.,

In this method of attachment the containers would 'be secured to the

deck through the use of twist locks and deck sockets. An erected twist

lock foundation capped by an explosively bonded plate could alsé be used
such as the standardized foundation structure jllustrated in Figure 2-3.
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2,14 Method (4) - Battle Hardened Crib Secured with Nelson Studs

Method (%) provides a battle hardened crib for each module
(Figure 2-4), Each érib is attached to the deck by Nelson Studs, and the
riodule is bolted into the crip, Nelson Studs are used instead of direct
wélding which is more costly and time consuming. Details of a N~lson Stud
are shown in Figure 2-5. Galvanic corrosion isolation would be difficuli
to effect in this alternative,

2.1,5 Mer sd (5) - Intermediate Mounting Angles and Clip

Il1lustrated in Figure 2-6, this method employs much the same
philosophy as Method (1). It boasts the obvious advantages of a reduced
cost and fewer obstacles on the déck., To accommcidate this method of
attachment, the deck must be reinforced teneath the clips, As in
Method (1) galvanic corrosion isolation is achieved by means of an
explosively bonded aluminum-steel mounting plate welded to the base of
the module,

2.2 EVALUATION OF ALTERNATIVES

The five alternatives were evaluated by means of a selection matrix
(Matrix 2.1)%, Three criteria were welghted heavily and considered most
important;- speed of assémbly, speed of disassembly, and adaptability to
stacking, Twist locks .used in conjunction with Method (2) was evaluated
as the most desirable alternative., Method (1) is considered a feasible
alternative, Standard deck sockets (Figure 2-7) would be welded to an
explosively bonded aluminum-steel deck meunting plate as described
previously,

*Selection Matrices wiil be found on pages 91 to 99,

7.
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2.3 DONTAINER-TO-CONTAINER ATTACHMENTS

It is desirzble that all attachments be standardized so that the
container-to~-deck attachments can also be uséd to secure one container to
another. Since twist locks were selected as the most desirable deck
attachment it was investigated as a means for attaching stacked containers.

A method of stacking was chosen which is simiiur to that used on
existing merchant container ships (Figure 2-8), A rectangular mounting
block fitted at each corner of the module, serves as the base for the
twist lock, A locking piece is inserted between two blocks, twisted and
jammed by means of a removable rod to achieve the locking action, Because
ad jacent stacks ©of modules must be mounted flush to. each other, the access
to the twist locks must be from the interior of the module. The removable
rod and a hammer are the only; tools reeded.

The materials considered for the twist locks were stainless sgteel
and aluminum (6200 series), Aluminum has certain advantages: less costly,
less corrosive, and more easily machined than stainless steel, Stainless
steel is stronger than aluminum but would react galvanically with the
aluminum modules., The yield strength of stainless steel is 15C ksi
while that of alumihum is 75 ksi, Because -of strength requirements,
stainless steel appears to be more desirable, but, unfortunately, the
effects of the galvanic reaction all but eliminates stainless steel as an
alternative, It is the recommendation of this group that the selection
of an appropriate material be the subject of further investigation by a
follow-on group, It is suggested that a high tensile strength aluminum
allpy be one such material studied. (see Sections 1 & 5).

2., 4 RECOMMENDATIONS

It is recommended that a system of deck sockets and rectangular

e et . oo s it o RS ol v s el R 28 e ~o
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twist locks: be uséd as deck attachments., The recommended twist lock
design is to be such ‘that it can also be used for vertical container-to-
container attachments. The twist lock design will prove simple,
standardized, and réliable; It is conpatible with the entire- modular-
ized system and will enhancé rapid refit capabilities,

"It is recommended that material selection be the subject of a
subsequent study,

3,0 ELECTRICAL AND DATA. INTERFACES

3,1 Introduction

The electrical interfaces can be divided into three basic sections
(1) Power flow
(2) Data flow
(3) Radio-freéquency energy flow
For the purposes of this report, it is helpful to deal with each of
these topics separately,

3.2 Power Cotinections

3.2.1 Introduction

For each command and control médule, there is a need of power.
For the system considered in this report, two power supplies are needed:
(1) 3¢, 115 volts, 60 hz,
(2) 3¢, 115 volts, 400 hz,
It was found (See Appendix B) that #0 wire, one for each phase’
would be sufficient to supply power for two containers, The actual
connectors can be divided into four separate groups. They are as follows:

9.
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(1) In-box connections

(2) Electro-magnetic connectors

(3) Quick-connect type connc:tors

(4) Power line connectors; similar to those used
for city power distribution.

3.2,2 1In-Box Connectiomis,.

The simplest solution to the power interface problem is in-box
conpections, The power cable is fed through a hole into a power distribi-

tion box., Each wire is then connected to its apyropriate destination,

Figure 3-1 shows one such connection;

There ‘are presently several types of physical ccnnectors that can

be used with in-box type connections, The wire can be bent around a screw

which is tightened to form a good connecticn, Metallic connectors, which

are hook-shabed, or U-shaped may be attached to the cable and inserted
under a screw which is then tightened to form a good connection, The
wire can also be inserted into a hole, through which a screw passes ‘to
force the wire against one side of the hole, thereby making good contact
(see Figure 3-2), Each of these solutions have their advantages and dis-~
advantages, and are discussed in Appendix A-3.2.

In-bov connections can te made watertight, ©Presently the accepted
method is to use an insert which is watertight against the cable and water-
tight against the hole through which the cable passes- (See Figure 3-3),

In-box connections are used widely today, They are used exclusively
in domestic power distribution for houses and are projected to be used even

s o .

P TIETTES T

in the modular house construction of the future, fhesapeakée Instrument Coipora-

tion presently uses in-box connections, with watertight inserts for their vans,

These vans are presently being used by the Navy and the in-box connections are i
very reliable, ;

The advantages and disadvantages of in~box connections are:

10,
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Advantages:
(1) Safety, no "live" end to be touched
(2) Negligidle corrosion
(3) No. skills required for hooksup.
Disadvantages:
(1) Highly inductive power factor
(2) Larger and 'more massive than conventional .connectors
(3) large losses
(4) Produces. stray magnetic field.

3,2.4 Quick-Connect Connectors

There are a variety of contact shapes that are suitable for
quick-connect connectors (See-Figure 3-5). Each type of contact has
its advantages and :disadvantages.; however, for the purpose
of this report, the actual advantages and disadvantages of each type of
contact were not considered in detail,

Quick-connect connectors are made to connect one or many wires
and come in a variety of configurations (See Figure 3-6). In a multiple
wire connector, there is a matrix of contacts, one for eact wire.
Presently, there are multiwire connectors made from 2 to 200 contac%"
positions, Multiwire connectors are usually made so that they will
insert in only one orientation, The chance, then, of crossing wire
between the origins and destinations are minimized,

The advantages and disadvantages of the quick-connect connectors
are:

Advantages:

(1) Multiple wire for speed and to avoid mistakes in hook-up
(2) Waterproof
(3) Reliable

(4) Changeable contact points for easy maintenance,

11,
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Disadvantages?

(1) Corrosion can occur if contact is not complete

3,2.5 Domestic Power Line Connectors.

There are several connectors currently used for city power
distribution (See Figure 3-7 for one example). For ihe purposes of this
report, only those which could be disconrected were considered,

The advantages and disadvantages of the power line connectors are:
Advantages:

(1) Can disconnect with load or

(2) High current carrying capacity

(3) Water tight.
Disadvantages:

(1) Possibility of reversing phase order

(2) No changeable contact points.

3.2,6 Evaluation of Alternatives

In order to determine which connection procedure woild be most
suitable, a selection matrix was developed. The following type connectors
were evaluated (See Matrix 3,1):

(1) In-box connections (Figure 3,1)

(2) Electro-magnetic connectors (Figure 3,4)

(3) Amphenol MS-40-60A4 (Figures 3.9 through 3.11)

(4) API Ampower connector (Figure 3.6)

(5) ITT Blackburn power cable connector (Figure 3.7)

(6) Elastimold power distribution connectors (Figure 3.8)

The matrix criteria are self explanatory except for the following:
(1) Capacity, This term includes both the ampere rating of the

connector and the number of phases it could carry
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(2) Foolproofness, This term is an evaluation of the edse of
reversing some of the power cables. This is particularly

} " impoi:tant for equipment which uses 'three phase power sources.

3 g A reversal of the phase order could cause much damage to the

equipment, It is therefore desirable to heve one connector

connect all power sources,

§ . In this evaluation, the Amphenol MS-40-60A multiwire connector had

the highest rating, The following is a summary of the features of this
-connectors:

3 (1) Contains 6 cable positions

(2) Uses #0 cable |

(2) Watertight

' ' (4) Presently on the shelf and manufactured in several configurations
) (See Figures 3-9 to 3-11)

; NOTE: The manufacturers cited here were selected at random and the

3 ,"H-l

“
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connectors are merely representative of connectors vresently
produced, For a more complete listing of manufacturers, see |

Electrical Engineers Master Catalog, United Technical Publications, ;
1972,

v 3.3 DATA LINK CONNECTIONS

! 3.3.1 Introduction

In Command and Control spaces, much data must flow between the
modules and to other parts of the ship, This section deals with the
data flow interface problem. The connections can be divided into .
three general categories:

(1) In-box connections

B

(2) Multiwire, quick-connect connectors .
(3) Multiplexed data systems i
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In the analysis of the data flow problem, the most attractive
multivire connéctor will be determined through the use of a selection
matrix., Next, *he multiplexing concept will be discussed and two
multiplex units will be compared to the pptimum multi-wire connector

in another selection matrix, Recommenditions will follow,

3.3,2 In-Box Connections

In-box connections are conceptually the. simplest type of conr.ction,
They consist of a maze of wires inserted through a hole in a watertight
box, Each wire is then connected to its appropriate destination, For a
mors detailed explanation, see Section 3.2,2.

The obvious disadvantages of this system for da?”‘links is Jime of
connection and the probability of errors in connections. Considering the

hund¥ecs of wires that must be connected, this system is very slow and
lacks reliability.

3.3.3. Multi-Wire, Quick-Connect Connectors

Multiwire, quick-connect connectors are presently manufactured in a
variety of configurations and sizes (See Figure 3-12), These connectors
can presently carry up to 200 positions and more could be incorporated

into one connector if necessary., For a more detailed explanation of quick
connect connectors, see Séction 3.2.%4,

3.3.4 Evaluation of Alternatives

In order to determine which type of connection would be most suit-

able, a selection matrix was again developed (See Matrix 3.2). The follow-~
ing connectors were evaluated:

1k,
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(1) Tn-box connector (Figure 3-1).
(2) Square multiwire cornector, API "DDE" (Figure 3-12).
(3) Square multiwire connector, AMP 20C- Dualatch (Figure. 3-12).
(4) Round multiwire connector, Amphenol MS 32-414 (Figure 3-12).
In the evaluation, the AMP 200 Tualatch connector ‘was rated
highest, The other multiwire connectors were very close, indicating
that all are suitable alternatives,
The characteristics of the AMP Dualatch are:
(1) 200 wire positions
(2) Vibration proof
(3) Both plug and socket have same type contacts (See Figure 3-13)

NOTE: The manufacturers cited here were selected at random and the
connectors are meiely representative of connectors presently
produced, For a more complete listing: of manufacturers, see
Electrical Engineers Master Catalog, United Technical Publicatiors,
Ine,, 1973, )

3.4 MULTIPLEX DATA SYSTEMS .

3.4,1 Introduction

A ship is a very complex weapons system, It houses cormunications
systems, weapons systems. -and navigation systems, each.'of which requires
its own data link system, The maze of wiring and connectors that are
required for such systems has caused this group to search for a system
which may simplify data flow aboard the modular ship.

A system which reduces the number of data connections and wires
is the "time multiplexing" system currently in use by the Bell System,
Telephone companies all over the country utilize this multiplexing
system to carry up to 24 voice conversations at once over just two pairs
of 22 gauge wire, Bach of these 24 voice conversations could easily be
replaced by a data signal, Each data signal could be further modified

15,
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to carry up to 12 freguency modulated signals, The two palrs of 22 gauge
wire could then be used to carry 288 different data signals at once.

(24 channels @ 12 FM signals per channel). Ships have not used this type
data system., Instead,they have customarily relied upon a netiwork of
wires that passes data from a source to the appropriate destination along

an individual transmission line, each signal having its own line.

3.4,2 Evaluation of Multiplexing Systems Compared to Direct WirelSyStems

A comparison of the multiplexed system and the network of wives
was made (See Matrix 3.3). The evaluation matched the data link uystem
selected in Section 3.3.4 above with two proposed configurations for the
multiplexed system (See Figure 3-14),

Multiplex #1 (See Figure 3-15) assumed two centralized locatiohs
for the multiplexing unit. This configuration would require all data to
be brought from its source to the multiplexing unit where it would be
time coded and sent to the demultiplexing unit. At the demultiplexing
unit each signal would ts separated from the other signals on the multi-
plexed line and sent via its own transmission line to the appropriate

destination, Each centralized locatioh would have the ability to send

ard receive multiplexed datd,

Multiplex #2 (See Figure 3-16) is a configuration similar to
Multiplex #1, but has a few variations, Multiplex #2 requires the same
two centralized multiplexing locations, but reduces the terminal ¢rans-
mission lines by introducing intermediate demultiplexing units at or near
the appropriate signal destination., This system requires fewer wires
than Multiplex #1, but more demultiplexing units.

The comparison placed heavy emphasis on three evaluation criteria:
combat worthiness, complexity, and reliability. Of these, combat worthi-
ness warrants further definition, This term is the quality of a systenm

thich reflects its vulnerability in a combat situation, The multi-

16,
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l o plexing systems, for example, were not deemed very combat worthy since
- © they are composed of very sensitive equipment and would have Lo carry
many vital data signals on one or iwo lines, The installation of multi-
E plex Systems could easily cause the entire ship to be crippled as a
3 A result of one well placed 'hit,
3 =S
] ) 34,2 Récommendaﬁ}ons
gﬁ \ From the evaluation matrix (See Matrix 3,3), this design group
“ has céoncluded that multipléxed systems are not appropriate for modular
ship applications, It is recommended that the conventional data link
3 network be used,
NOTE: Interface connectors for the recommended system are discussed
3 in Section 3.3,
3.5 RADIO FREQUENCY ENERGY FLOW :
3 X N R
3.5.1 Introduction z
o 3
) This report will be concerned with that portion of the electro- f
] 0 magnetic spectrum which would be used in the Navy's radar systems. 1
3 Specific frequencies are not discussed.
t 3.5.2 The Basic Carrier b
; )
i Five types of transmission methods weie investigated (Figure 3-17) 3 E
] (1) Waveguides. 3 i
3 (2) Coaxial cables. %
‘ (3) Parallel-conductor lines, ?
(%) The shielded pair of wires. &
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(5) The twisted pair of wires (not shown in Fig,)
‘Only two of the five alternatives were considered appropriate for

ehexgy transmission in the form used by a radar system going to and from

the antenna, These two methods of transmission waveguldes and coaxial

cables, were compared in a selection matrix (See Matrix 3.4). Heaviest
emphasis was placed upon the transmission losses experienced by the

configuration and its flexibility both at sea and during refit,

Both the coaxial line and waveguide were extremely close in comparison.
The coaxial line proved to have excessive attenuation when the energy was
of high frequency and was to be carried for long distances (greater than
3 or 4 feet),

The container interface may be crossed using a bulkhead flange (See
Figure 3-12) and 2 flexible waveguide (See Figure 3-19). These particular
connectors were produced by Waveline,Ine., West Caldwell, New Jersey.

Coaxial cable may be used as a:substitute for the interface connector.

3.6 SYSTEM LAYOUT FOR ELECTRICAL CONNECTIONS

3.6,1 Introduction

Four electrical system arrangements were considered, The best arrange-
ment depends greatly on the container configuration and container placement.
The chosen electrical system arrangement should, however, be -compatible

with any container configuration and arrangement.

The four configurations are:

(1) Container-to container, plug leads passed beneath a false floor,
(2) Container-to-container, plug leads externally inserted (Fig.3-21)
(3) ZIong, umbilical cable with outlets for each container (Fig,3-22)

(%) Plug in system with a cable located at the site of each container
(Fig.3-23).

18,
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3,6.2 layout 1 ~ Container-To-Container, Plug Leads Passed Beneath A
False Floor

Arrangement 1 is a container-tc-container type connection (See

4 Figure 3-20), Each container receives power and data links from the

containers next to it via short jumper cables. ‘Connections are made
o4

through access doors fitted in the false floor, These containers which

are on the outside receive power from the ship, This system requires

a permanent ship structure adjacent to each layer of modules, Water~

tightness is a problem with this system, and if the modules are

exposed .;o weather, the area around the holes used for passing wires

b

must be sealed, The advantages and disadvantages of Arrangement 1 are: E
Advantages:

(1) Simple
(2) Reliable

(3) Connections can be made on all four sides
Disadvantages:

i i g oo oiigde

(1) Not intrinsically watertight
(2) Cable passage limited to horizontal directions

e

3.6.3 Arrangement 2, Container-To-Container, Plug leads Externally
Inserted

TR

Arrangement 2 is a container-to-container type connections (See

_——

Figure 3-21)., BEach container receives power and data flow from the
: containers above, below, and on each side, This system should be
% particularly applicable to an entirely modularized superstructure,
because of the vertical flow capacity and the intrinsic watertight

integrity, The advantages and disadvantages of Arrangement 2 are:

19.
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Advantages:
(1) Vertical flow capacity.

(2) Intrinsically watertight,
Disadvantages:

(1) Flow limited to two directions horizontally.

(2) Useable space used for recessed connector area.

3.6.4 Arrangement 3, Long Umbilical Cable with Outlets for Each Container,

Arrangement 3 consists of a long umbilical cable with an outlet for

each container (See Figure 3-22), The umbilical cable could originate in

the permanent ship's structure and extend to the last module in the row.
The basic system would have & svace which acts as a data control.

Information would then hbe cross-pazéhed to various stations needing a

particular data link. This system could be used with conventional or

multiplexed data systems. The advantages and disadvantages of Arrange-
ment 3 are:

Advantages:

(1) Centralized data collection space.
Disadvantages:

(1) Very complicated.

(2) space used for umbilical cable recesses.

3.6.5 Arrangement 4, Plug-In System with a Cable at Each Container Site

Arrangement 4 consists of a permanent passageway with cable
connectors extending out of the floor at the site of each container,
Permanent cables and data lines would be installed under the false floor
in the passuge way (See Figure 3-23). As in Arrangement 3, the data for
each module is centralized and cross-patched to various parts of the ship.
The advantages and disadvantages of Arrangement &4 are:

20,
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Advaritages:
(1) Easy to connect,

(2) Centralized data system, particularly well suited to a
multiplexed data systen,
Disadvantages:

(1) Complicated,
(2) Inflexibility on the number of container sites,

(3) Must have a passagewgy adjacent to each module,

3.6.6. Bvaluation of Alternatives

The four system alternatives compared were in a selection matrix

(See Matrix 3.5). The mairix is straight forward; however,

one important
criteria was omitted:

the total system compatibility, Since the four

layouts were rated very close in the selection matrix, the final design
arrangement was chosen on the basis of total design compatibility,
Because the final containerized configuration incorporated a ope foot

false bottom floor and open side panels, Arrangement 1 was selected
for the final design,

For a complete discussion on Arrangement 1, see
Section 3,6,2,

3.7 CONCLUSIONS AND RECOMMENDATIONS

3.7.1 Introduction

The conclusions and recommendations are broken into the following
five sections:

(1) Power connectors

(2) Data connections

(3) Multiplexing

(4) Radio frequency energy interfaces

(5) Electrical systenm arrangement ,

21,
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3.7.2 Power Conyectors

The power requirements for the Command and Control system specified E
by NAVSEC requires No., O cable for each phase to supply two containers,
It is recommended to use No, O or larger power cables for each phase,
It is desirable and recommended to have all power links in one
connector to help avoid system damage due to phase reversals,
It is desirable to have watertight connectors.
The Amphenol MS 40-60A connector desigh is fully satisfactory for
the power connector, for the system analyzed in this report,

If larger
power connectors were needed, they could presently be produced,

3.7.3 Data Connectors

There are presently avsilable multiwire connectors suitable for data

flow connections, All multiwire connectors were found satisfactory if

they contain enough wire pusitions to accommodate all data links in a

minimum number of connectors. In-box connections are not satisfactory.

3.7.% Multiplexing

Multiplexing units are highly vulnerable to failure in a combat

situation, The systems involved would be extremely complex, additional

personnel would be required, and cost and weight are high., Multiplexing
is not recommended for data flow,

3.7.5 Radio Frequency Energy Interfaces

The wave guide is the most desirable method of carrying RF energy.
Coaxial cable is a useable substitute, Other methods of carrying energy

are unsatisfactory.

22.
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Where flexibility is needed, a flexible waveguide is. recommended,
Flexibility waveguides should not be bent at a radius less than twice
the wavelength of transmitted energy.

Coaxial cable may be used if the
distance is short.

Since losses in coaxial cable are fairly high and losses in
waveguides- are only slightly less, it is recommended to restrict the
use of R-F carriers to the shortest distancds possible,

3,7.6 Electrical System Arrangement

Due to the need for compatibility with the container and container

arrangement, connections made under the false flcor with jumper cables
are recommended,

This system is simple, reliable and easily maintained,

4,0 FLUID FLOW INTERFACES

4,1 WATER FIOW

4,1.1 Introduction

The system parameters provided by NAVSEC (Appendix A) show the
requirement for low pressure water flow,

The water is required for
cooling and drinking purposes.

This section presents the various
alternative solutions to the water flow problem,

L4,1,2 BEvaluation of the Alternatives

Seven currently available methods were evaluated as shown in the

selectivn matrix (See Matrix 4,1), The four criteria the group considered

most important were reliability, replacement (including ease and time of

replacement), cost, and weight. The seven methods evaluated were:

23.
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(1) Plastic tubing - this is a lightweight and inexpensive material.
Although somewhat limited in temperature range, it should
withstand all module conditicns.

(2) Hydraulic hose - a very dependable material, however quite
costly.

(3) Steel piping - ordinary steel piping as available off the shelf
was the material considered here.

(4) Copper piping ~ it is used extensively in much domestic plumbing,
and has proved effective.

(5) Aluminum tubing - it is lightweight, yet offers the strength
advantages of metal, It presents a galvanic corrosion problem
when coupled to steel hull piping.

(6) Rubber hose - systems offer flexibility and simplicity.

(7) Flex (Aeroquip) - flexible and strong, it is a material in wide
use in the Navy,

L4,1,3 The Recommended Solution

The design group's recommendation based on the resuits of the

selection matrix analysis is the use of polyvinyl chloride (PVC) plastic

pipe with an inside diameter of 1.5", This size is sufficient for the flow

requirement of 15 gallons per minute (See Appendix A), PVC is acceptable

as long as the temperature variation is within 20° of room temperature as
specified in. the model system,

4,1,4 PFurther Recommendations

The design group obtained insufficient data for water purity

requirements for electronic equipment, It is recommended that this be

evaluated in detail in subsequent studies,
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4,2 PIPE FITTINGS

4,2,1 Introduction

Various types of fittings (See Section 4.2,2) were evaluated .
without regard to their compatibility with the recommended alternative ?:

Ain Section 4.1

?i
4,2,2, Evaluation of ‘lternatives 3
f

1

i
The seven alternative methods of connecting pipes were i
evaluated: |

]

El

!

5

-

(1) Compression fittings - This design has proved to be easy to
install, reuseable, and comes in a variety of materials
(See Figure 4-1).

(2) Quick~disconnect fittings - Limited to use with hose, It

also has been found to be susceptible to shock loading (See !
Figure L2 ) . y

: (3) Welds - Limited to use with steel (See Figure 4-3), ‘

TN T T

(4) Unions - The design is quite simpie and can be used with all é
materials (See Figure 4-4), é

: (5) Flanges -~ With the exception of hydraulic and rubber hose, ;

: this method is widely used (See Figure 4-5).

(6) Brazed {ittings - Commonly used for joining non-ferrous
materials in restricted temperature and pressure ranges., This

] design utilizes an alloy insert which is melted to fill a small

‘ annular space between the pipe and the fitting, It is re-

useable with new alloy inserts (See Figure 4-6),

5 (7) Flared fittings - Commonly used in systems made of tubing

They provide good connections without threading, welding, or

f soldering (See Figure 4-7),

e A
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3 In the fittings matrix (See Matrix 4,2), replacement and reliability were
‘ considered more important than cost,

4,2,3 Recommendations

s

The results of the selection matrix indicate thai *the compression
fitting is the most suitable general purpose piping connecuvnr for the
modularized ship application., In regard to the selection of PVC piping

in Section 4.2.3 it is noted that compréession fittings are available for
this type of piping.

k4

4,2,% Further Recommendations

It is further recommended that shock loading characteristics of all
<

fittings be evaluated in detail in subsequent studies. Insufficient data
were obtained on this problem,

4,3 AIR FLOW

e Ml b

£2,3,1 Introduction

a

FINY

The system parameters show the requirement for low pressure air

flow for environmental purposes and for heat dissipation of the system
(See Appendix R).

TYveT

Sk et

4.3.2 Recommended Solution

i e e el e b il ekl

s The use of standard Navy ducting is recommended., It was found
; that a 7" x 7" duct with an air flow rate of 250 cfm (See Appendix &) is

G
: adequate for meeting system requirements. The ducting will be connected

e
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by a flexible diaphram coupling. The conditioned air may be ducted
either from a2 permanent system on the ship to the modules or from
modularized air-conditioning units.

14

4,4 PLACEMENT IN THE MODULE

The ducting and piping will be placed in the one foot false floor
of each module (See Figure 4-8), These components will be used as
branch main lines from primary main lines of a central system, Branch
pipes connect individual pleces of equipment to the beanch lines through
the floor. There will bé sufficient space for electrical and data lines.

5.0 TOTAL SYSTEM CONCEPT

5.1 INTRODUCTION

In the course of this analysis, a set of axioms, factors judged
by the design group to be of special importance in the design of any
containerized system for shipboard use, was developed, These axioms
are summarized in Table 5-1, and served as a guide in the development
of the total container system design concept.

5.2 GENERAL ANAIYSIS PROCEDURE

The analysis was conducted in the following mannexr:

(1) Major system parameters were defined,
(2) A volume requirement for the command and control spaces aboard
a typical 6700 ton combatant was extrapolated from existing data.
(3) Four alternative containerized configurations were developed
which embodied the major system parameters,
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Table 5-1

TOTAL SYSTEM CONCEPT

AXTOMS

Spaces not subject to frequent change such as ship's company

accommodations, messing facilities, heads, office spaces and galleys
should not be containerized,

Maximum continuity of the bulkhead deck should be preserved,
Watertight openings in the bulkhead deck should be minimized.

Volumes above the bulkhead deck lend themselves more readily to
containerization than volumes bslow,

28,
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(4)
(5)

(6)
(7)

A conventional supurstructure of the same capacity was
devised from data on existing ships.

A weight trade off was determined for each configuration
comparing the four alternatives to the convention.. .ship,
A value matrix was constructed,

Observations and conclusions were. made,

5.3 DEFINITION. OF SYSTEM PARAMETERS

The analysis of any problem can be elucidated by defining a set of

parameters or principal characteristics which may be:veried systematically,

In this case,

the major questions which require resglution through an

examination of alternatives are:

(1)

(2)

(3)

(4)

(5)

Container support. Should the containers be stacked on
top of one another as is the current commercial practice
or be placed in a framework?

lateral restraint, Should the container attachments be
designed to withstand the full transverse loading due to
the rolling motion of the ship, or should lateral restraint
be provided by permanent hardened ship structure?
Shipboard loading/off-loading of containers, What should
be the best way to load and unidad the containers?
Hardening., Should the containers themselves be hardened
or placed in a hard structure which is a permanent part
of the ship?

Bridge structure treatment. The navigation bridge would
have to be elevated for visibility and rigidly supported.
Should the structure be conventional or containerized?
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For the purpose of developing alternatives, four containerized Command
and Control system configurations were designed which incorporate the
parametric variations suggested by the problems posed above,

5.4 DEVELOI.ENT OF A GENERALIZED MODEL SHIP

5.4,1 Model Ship: Particulars

In orer to accurately determine the weight trade-offs involved in
applying the container .concept to warship design, it became necessary to

define a strictly hypothetical ship with a conventional aluminum. deck
house and reasonable particulars,
Table 5-2.

These particulars are summariz:d in

5.4,2 Volume Requirement

A total useable cubic of 59,000 cubic feet would adequately house
the necessary Command and Control spaces for the model ship., This would
require 45 8'x 8'x 20' foot containers,

5,4,3 Conventional ,Superstructure Weight

Structural drawings of a modern high-speed warship with an aluminum
deckhouse were obtained and a weight per cubic foot of enclosed volume
determined, This figure did not include:

a, Installed equipment,

b, Outfitting,

¢, Ladders,

d. Doors, hatches, and related fittings.
e. Smoke stack or antenna mast weight.
f., Transverse bulkheads,
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Table 5-2.

MODEL SHIP PARTICULARS
500 £t Cy
52 £t Cy
18 ft ¢

)

40 £t A /o) =
6700 T. XG
1.4
Installed SHP = 65000 HP

ALTERNATIVE WEIGHT TRADE-OFFS

= .50
= .78
= .63
47.65

= 22 £t above @

Added Wgt. Added HP Speed loss
Configuration I 30 tons 315 HP +051 knot
Configuration II 22 tons 51 HP . 038 knot
Configuration III 5 tons 52 HP ,009 knot
Configuration IV L& tons 462 HP ,0 t
gur \ 75 kno/
Y
The trade-off involved
would be one, not both
of these.
31,
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Since all of these items except the transverse bulkheads would be common
to0 ali arrangements considered and thus would not affect the total
weight differences between arrangements, they could be eliminated from
the weight analysis, The weight per cubic foot of enclosed volume was
determined to be 1.5 pounds.

In considering the problem of the transverse bulkheads, three types of
.conventional superstructure stiffened plate system were developed, A
stiffened front panel strong enough to withstand 20 psi wave impact load-
ing was selected, with a weight of 10.4 1b/ft2. Over-blast, gun and
missle-blast were not considered. The rear panel weight was set at
5.6 1b/ft2. The interior transverse bulkheads weie considered to
weigh 75% of the after transverse bulkhead, or 4,2 lb/ftz. Using these

figures, the weight of the superstructure was determined to be 90 tons,

5.5 ALTERNATIVE DEFINITION AND DESCRIPTION

5.5.1 Configuration 1.

A hardened hridge shell with three levels of internal framing is
provided, This structure provides support and lateral restraint for 32
¢f the modules (i.,e. they are not stacked directly on each other, The
hardened shell permits the use of "soft" containers with removable interior
panels, A removable rear panel for the bridge house provides weather
tightness access for container loading, The remaining 13 partially
hardened containers would be placed aft of the hardened bridge structure

and stacked two high on a similar framework, Figure 5-1 is a geneial
system layout,
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5.5.2 Configuration II

The entire bridge structure is made up of completely hardened
modules. The containers are stacked directly on top of each other.

A platform structure is erected for personnel access and service

provisien, The two major differences between this and Configuration

I are that there is no framing for the modules and that the
containers- themselves must sustaln the wave impact and vertical and
transverse dynamic loadings which would be absorbed by the framing

and panels of Configuration I, Weather tightness is achieved by

keeping all the interior panels in place. Refer to Figures 5-2 ard

5-3 for general arrangement and platform detail.

5.5.3 Configuration III

All containers are placed aft of a conventional hardened bridge

structure., The containers are stacked on top of each other, three high,

and two platform structures, port and starboard provides personnel

access, service provision, and lateral restraint to the containers

against transverse dynamic loadings, A removable roof panel is fitted

above the container bay, furnishing weather-tightness and permitting the

removal of many interior panels, Two major differences between this

and Configuration II are the presence of a hardened conventional bridge

structure and the lateral restraint afforded all of the containers by

the platform system, The chief difference between Configurations III

and I is that the bridge structure in Configuration III does not

house any modules. Refer to Figures 5-4 through 5-8 for arrangements.

5.5.4 Configuration IV

A skeletal framework simiiar to that in Configuration I is provided

33.
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for container support. The major difference is that there is no stiffened

plating enclosing the skeletal framework. In tliis case, as in Configura-

tion II, the containers themselves must withstand the wave impact loadings

and removal of interior panels is precluded., The major difference between

Configurations IV and II is that the containers are not stacked, Refer
to Figure 5-1 for the system arrangement,

5.6 EVALUATION OF ALTERNATIVES

5.6,1 General Procedure

Each configuration was compared to the conventional model ship to
determine the weight trade-off involved,
following manner:

This was accomplished in the

1.
2,

Weights for each of the container configurations were derived.
Using unchanged ship stability as a criterion, a rise in KG
was found for each configuration, assuming that the difference
in weight between the conventional structure and the configura-
tion could be considered as an added weight placed high in the
ship,

3. This rise in KG was compensated for by an increase in beam
ultimately requiring either an increase in installed SHP to

maintain the original performance level, or accepting a drop in
top speed,

5.6,2 Weight Analysis

In the configurations discussed, two types of containers are used:
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"soft" panels on sides exposed to wave impacts are
replaced by "hardened" panels with heavier plating
to withstand the higher loadings. The weight of

such a container is estimated to be 4500 1lbs based

on the Chesapeake Instrument Corp. towed array

monitoring van,

This is the only existing

container seen directly by the design team suitable
tfor housing a combat system,

(2) A "soft" convertible container with no "hardened"
panels, A weight of 3000 1bs is based on data from
a Craig Corp. Electrical Shelter, The weight of the
removable "soft" panels is 4,2 1bs/£t2,

5.6,3 Configuration Weights

A tabulation of the weights for Configuration I is shown below:

Bridge Shell

Front panel 5.3 tons
Side panels 12,5
Rear panels 3.2
Roof panel 6.0
Framing 48,0
Containers (bridge) 28,0
Containers (aft) 17.0
(incl.roof panel aft)
Total system weight 120,0 tons

Using a similar procedure, the weights of the other configura-
tions were determined to be 112 tons for Config., II, 95 tons for
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Config, III, and 134 tons for Config. IV.

5.6,4 Effect of Weight Increase

Using an original KG of 22 feet and a hull girder depth of 40 feet,
the added weight of each configuration was assumed to be concentrated
12 feet above the main strength deck, Comparing the model ship to an
existing combatant, it was assumed that the variation of certain non-
dimensional parameters between similar ships would be small. Two such
parameters used for the model ship derived from an existing ship are:

KB/T = .6 BMXT/BZ = 0%

KB is assumed to remain constant., A one foot rise in KG would
require a one foot increase in KM, to maintain GM at its initial value,
For the model ship with the initial KG, BM was calculated as 14,12 feet,
Increasing this to 15,12 feet resuited in a new beam of approximately
54 feet, Thus, a one foot rise in XG requires a two foot increase in
beam to maintain the same value of GM,

From Series 64 data it was Jound that a one foot increase in
beam would result in a .Ol‘ijI.O-3 increase in the total resistance coeffic-
ient at 30 knots, Again assuming that similar type ships would have

similar parameters, the wetted surface of the subject ship was extra-

polated from existing data, The resistance and EHP were then calculated,

Assuming a constant propulsive coefficient of ,60 the change in required
installed SHP to maintain performance was determined to be about 226 horse-
powexr per foot increase in beam,

For 1 ton of added weight, the increase in KG was on the order of
005 feet, The beam increase to compensate for this imposed a require-
ment for an additional 1 horsepower,

One further trade-off was involved in the analysis, The displace-
ment of the ship would increase due to the added weight. This would

36.
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result in either:

(1) An additional SHP requirement of 9.5 HP/ton over "that to
compensate for the increase in beam, or
(2) A loss of ,0015 knots in trial speéd per ton of added
weight,
Table 5,3 lists the alternative trade-off's imposed by each configuration.
It should be noted that not one of the configurations would call for
more than a 3/U4% increase in installed SHP or, alternatively, more than
a +075 knot speed loss,

5.7 EVALUATION MATRIX

5,7,1 Bvaluation Criteria

Using the weight figures from Table 5-3 and other criteria,
the evaluation matrix, Matrix 5,1 was developed, Two of the eriteria
merit further explanation: system useability and system surviveability,
System useability was defined to include system flexibility and
system habitability, Flexibility was defined as the ease with which
a variety of deck plans and internal space arrangement could be
accommodated, System habitability was defined as the relative
comfort and convenience with which a member of the ship's company could
work in the space. Also considered in this concept of habitability is
the possible lack of acceptance that container configuration would receive
by the officers and men on board, The removable interior panel feature
greatly improves a system's score in this area,
System survivability included:
(1) Water tight integrity.
(2) Ability to survive weather damage.
(3) System vulnerablility, defined for our purpose as the
amount of system effectiveness lost for each hit on
system scored by hostile fire,
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None of the configurations fared particularly well in system vulnerability.
This was due to the fact that the containers, and therefore the majority ﬁ
| of the ship's Command and Control functions would be concentrated along ]
a relatively short portion of the superstructure.

s L a g

5:7.2 Recommended Configuration

} The most effective configuration as derived from matrix 5,1 was
i Configuration III,

‘ A cost analysis of the alternative configurations was not made. !
; However, if it is assumed that cost is directly related to weight ana

complexity then it may be inferred that Configuration III will also
prove to be the most cost effective.

% Five questions were posed in defining the system parameters. : 5
; The design team is now in a position to answer these questions: i ;
. (1) Container Support. The stacked container system appears to i 4
3 te the most attractive, % .
3 (2) 1Lateral Restraint, The permanent platform structure erected i ]
3 to provide lateral resistraint, personnel access, and service ; 3
3 distribution is recommended., E
; (3) Shipboard Loading-Off Loading. Vertical access through a Cod
removable roof panel is the most direct method, by
(4) Hardening. Hardening which is part of the permanent ship's j ;
structure is preferred over using individually hardened _i 1
i container panels. i 3
E (5) Bridge Structure Treatment, The advantages of employing a «. i
g conventional bridge structure suggest its inclusion in the ‘

total system concept,

e Y amntiat o 4N
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{ . 5.8 OBSERVATIONS AND CONCLUSIONS

5.8.1 Observations

(1) The stacked container system appears to be the most attractive,

YT PO I

(2) 1t is advantageous to provide a platforming system for lateral
restraint, personnel access and service distribution,
(3) Vertical access through a removable roof panel is the most
N direct method of loading and off-loading the containers.
3 i (4) Hardening which is part of the permanent ship's structure is

1 recommended over the use of individually hardened container
panels,

] (5) A conventional bridge structure housing no modules is desirable, i
: (6) The weight trade-off involved in adopting the container f
concept is not prohibitive, ]

LR

5.8.2 Conclusions

(1) The concept of using containers to provide a modularized
Command/Control system is feasible from the point of view

D SR S

3 of the ship's structure, arrangements, stability and powering,
(2) Adoption of a convertible container configuration with

AR Rt ™

4 removable side panels 1s strongly recommended.
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- 6.0 SUMMARY OF CONCLUSIONS

Containerization of Command and Control spaces on board a
: , naval combatant ship is feasible implementing current state-of-the art
technology and utilizing containers with removable side panels,

It is recommended that the containers be placed in a hardened
1 bay with conventional bridge structure forward and a platform
E i structure providing passageways, access and lateral restraint on
E : both sides anhd aft.of the container bay. A removable cverhead stiffened
K panel ccvering the container bay is recommended for vertical access
A to the bay and for weather tightness, Within the bay the containers
R would be stacked on each other without intermediate supporting
3 structure and would be fastened to each other both vertically and
E laterally, Vertical attachment and deck attachment by means of
E twist lock fasteners is recommended,

é The use of umbilical cords run through a one foot false floor
3 in each module is recommended for electrical and data flow, Multiwire
connectors are currently available and ready for use,

T Y)

It is recommended that plastic pipe, with compression type
fittings, be used for water flow., And, standard rectangular ducting
be used for air flow, These systems will also be passed through ?
the one foot false floor,
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7.0 RECOMMENDATIONS FOR SUBSEQUENT DESIGN TEAMS

The following areas are recommended for further study by future
design teams:

(1) The investigation of containerization of weapons systems

(2)

(3)
&)
(5)

(6)
(7)
(8)

and other shiptoard systems,

Galvanic corrosion between aluminum and steel, especially
pertaining to twist locks and module-deck interfaces,
Power factor compensation for electrical flow,

Security requirements for data transfer.

Shock loading characteristics for types of piping, tubing,
and hose considered,

Water purity requirements for system components.
A more detailed cost analysis,

EMF problems generated by the many bolted panels used in each
module,
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3 Another alternative to welding a féundation to the deck is the use of the

v
———

Nelson solid flux stud, This solid flux stud has a conical weld base providiﬁg

: :
] ) a natural arc shape that assures uniform burnoff. The flux is very accurately
‘ located in the stud center and locked into place. The fusion process is
: described as follows: ) ' t
i . . 9
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’ HOW STUDS ARE WELDED ... 1. fluxed-end of stud is placed in contact with work, 2. Stud is automatically re-

:uclec'!‘ to produce an arc. 3. Stud s plunged into pool of moiten metal. 4, Operation compluted. Stud is welded
0 work. :
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FIG 2-5 USE OF NELSON STUDS
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MULTI:LEX

1. 24 separate data signals may
be transmitted at one time on
just two pairs of wire (22 gauge)
using a 24 channel multiplexing
system. (The system may be
modified to carry 12 frequency
multiplexed signals on each of
the 24 time modulated channelss
288 signals at once,)

2. Tranpgmission lines are easily
and quickly connected.

3¢ The system is nroven,
(The Bell System)

4, Adcritional transmission lines
are required to carry the data
to and {rom centralized
multiplexing rooms (2).

OR
4 different orientation
requires that multiplexing
units be placed at sources of
data and 2t the desired
destination,

5. One standard D¢l multiplexing
bank which is currently in use
by telephone companies woulds

a) cost about 36000 with
asgociated test equipment.

b; weigh about 500 pounds.

c¢) require trained operators
and technicians.

6. Flaces the ship in a very
vulnerable position. Should
the system be forced out of
commission all systems
dependent on it for data
transfer would go down,

It would require a backeup
synstem of perhops a network

of wires or another multiplex
system,

70,

WIRE MATRIX
NOK*MULTIPLEX

1, Each data signal requires its
own trensmission line,

2, Transmission lines are easily
connected, Time to connect

all of the lines is dependent on
the number of lines,

3 The system is proven,
(Navy and civilian shipping)

4, Signals travel from sources to
appropriate destinations along
individual transmission linea.

5. No extra hardware is needed.

6. Ship's systems are to a large
degree independent of one
another,

FIG 3-14 COMPARISON OF MPX vs, CONVENTIONAL SYSTEM
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m Bulkhead Flange Pressurized Unit

Y

.}:

-~
\

T e

The bulkhead fange assembly is a com
transmission line through a ca

i | G 1 ————— e ——— e 8= g o3 .

w [

ponent used to carry a waveguide
binet siding, wall or similar paneling. This
unit is designed primarily for use in conducting the waveguide line t
a wall of a pressurized cabinet.

These bulkhead assemblies are constructed of brass and are silver

brazed for high strength. The units are easily adapted to various thicknesses
of walls. They are designed to withstand pressures of 30 pounds per

hrough

square
inch. A neoprene rubber flange gasket is incorporated. Standard waveguide
flange connectors are provided as listed in the chart below. Finish is Grey
Enamel.
Mode! Waveguide Frequency Equivalent Maximum Insertion :';
No. 0.D. Size Range GHZ Flange Type VSWR Length ¥
268 300 x 150 2.60 to 3.95 UG-53/U 1.03 % P
2968 2418 x 1.273 3.3010 4.90 CMR-229 1.05 " ]
368 200> 100 3.95105.85 UG-149A/U 1.03 6 ;
5968 1.718 x .923 490to0 705 CMR-159 1.05 6 g
468  150x 75 585to 820 UG-344/V 1.03 , & !
568 125y 625 7.05t0 100 UG-51/U 1.03 . 4 %
668 1.00 x .50 82010124 UG-39/V 1.03 4 4
7668 850 x .475 10.0to 15.0 WR-75 1.05 4
768 702 x 391 124 to 18.0 UG-419/U 1.04 3% i
5168 .590 % .355 18.0 to 22.0 WR:51 1.05 3% %
868 500 x .250 18010 26.5 UG-595/U 105 3 3
1068 .360 x 220 26.5 to 40,0 UG-599/U 105 % ;
. Y Exclusive of wall thickness b
' m ) 3
— ® :Q‘{"f A ——————— ¥ e . é
f
- - Rk S E—— .
: '!H. interlocked flexible type, the only £
MICROTECH :lexibfle wave ul'det r'\u"yt Interioctzltx;ge }
n ali four walls, is the stronges )
RIGID AND . of ﬂ':lxlglo wave’guk'j'e. Itt‘ is exceclllent 3
for power eppiications an 5
FLEXIBLE provides the added advantage of ;
WAVEGUIDE elongation and compresslon, ;
Atit s modern, 30,000 square foot Microtech has deap engineering and l
plant in Cheshire, Conn., Microtach manufacturing experlence in combin- S
manufactures a comprehensiy-;, Ing flexible and rigid waveguides to
qu'?(ljltyt tho ?1 ftl’?x‘ljble w}aveguldes. ac%leve the optimum In & system, §
30ild state pin diude switches and %
1 Microtech designs and produces
3,?3283{82',' m%%t:fh s flexible double ridged waveguide assemblles ¢

The seamless corrugated type, which
can be bent to smal! radii, is hi hly
stable and agsures superior, R
leak-free operation,

The soldered convolutad type, for
maximum bending with minimum
leakage, is excellent for misalignmont
arpllcatlom where moderate
vibration prevails, It [s particularly

etficlent and economical in tight-bend
radli ingtailations.

and components, which it supplies
inboth flexible and rigid types.

Combination-Flexible f

and nglg Wavegulde

./’.'”"‘é";i
w‘}.\ﬁ
<
._* , v

Flexible Waveguide

FIG 3-19 WAVELINE PRODUCTS
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Foprnts dcign

2 \ Lad

3 N

. SPLIT TAPERED

E RING

E TUBE COMPRESSION -

‘5: This desige 18 of the 0" ring end split sleeve
. type end is eppreved by J.1.C. end SAE. I in
> reusechle end ellows considereble tolerence in the

length of tube cut end squerencss of cut The 'O

r.88 must be compatible with the fluid vsed in the
systom,

PIPE THREAD i
CONNECTOR

COMPRESSION
This design 13 proving satisfoctory for plostic b
ing. It 13 eosy 10 instoll, revsecble ond comes in 6
: werioty of matenials including steel and plosne.

TR R AR BT e T TY

Crat R

3 XTI TS I SRS

: $1 HALF (8) $4 HALF :
3 :
1. Tubular valve. 6. Protruding nose. ;
i . 2. Valve spring, 7. Poppet valve. 3
: 3. O-ring packing. 8. Lock spring. 3}
A 4. Sleeve. 9. Mounting flange. %
; 5. Union nut teeth, 3

f

3 FIG.4~2. QUICK-DISCONNECT FITTINGS :

: b
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BUTT-AELD JCeT  BACKING RING

fe
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G

FIG,4-L, UNIONS

(A N
45 DEGPZE GASKET ! Fl
BUTT-WELDING
ELEOW
N~
BUTT-WELDING TEE BACKING RING
FITTING TUBE WELD METAL
LOW-PRESSURE TYPE HIGK-PRESSURE TYPE
WITHRING GASKEY VAN STONE OR LAPPED

R d WELOING MECK FLANSE SLIP-ON FLANGE
e SUTT-WELDED 10 TUBE WELOED FRONY AKD BACK
TUBE BEING INSERTED COMPLETED JOINT
SGCKET-WILD:NG FITTINGS
FIG,4-3, WELDED JOINTS FIG,4-5, FLANGED CONNECTIONS

AREA OF HEATING
BAND

CLEARANCE I l
6
"2y

CLEARANCE Gap

HLVER BRAZING
SILVER BRAZING ALLOY INSERT SCRIBE LINE,

SHOULDER STOP DEPTH OF SOCKET AREA OF

HEATING

SILVER BRAZING
ALLOY INSERT

" DEPYH OF SOCKET

SILVER BRAZING ALLOY FILLET

_ FLANGE

TORCH FLAME POINTING AT
AN ANGLE TOWARDS TUBE

PTG, L-6, BRAZFD FITTTNGS

81,

S 5 ey W R A UM 0B 2 L 8 sre Sl S S b oL Bt

.




TN a7 e B alawk B

NUT
/—SLEEVE .

i 37° FLARE
&1 TUBE
s e L A The 37° Flace provides escellent results for con-
e _(/ Ly o ol T:_____ £/ nections when tubing o3 florable The free floating
y sleeve supperts tube ond damgens vikronon Ap
3 proved by Underwriters Lobarotcries ,SAE JIC
: ond ASME Thes type of connector ¢s revscabdle,
3 does not teiat duning sssembly end requires fow
7 P ossombly terque.
s '-?—-‘{-\'v‘
K

P

: LONG NUT (FOR EXCESSIVE VIBRATION)

g SHORT NUT (LITTLE VIBRATION)

4 . . TUBE
] 45°FLARE

-t

The 45° Flore moy be uted with foroble tubing
ond will withstand pressures up 10 5,000 PSI Thig
design is opproved by Underwniters Loborotories,
ASA, ASME, JI.C, ond SAE. It is reuse-
oble ond ovailoble at comporatively low cost.

r
&
==
==
p=—

&S——

Hr-

Ny
N
]
~N

PIPE THREAD CONNECTOR
NUT .
45° INVERTED FLARE

2' AL \ \\; : TUBE
i \A l ,// ,' t\\\\‘\\‘\\\\‘\ \\\\ The 45° inverted Flore provides protection lor uo.v
3 ‘ X £ IRk L 2 b FHpre 2,7 ¢ : ond threads which ore recessed. It 13 revsecdle,
g ( ‘ £ t fow cost, and fits 1n tight places. This design 13
3 3 elso epproved by UL, ASA., ASME, JIC
3 ond SAE.
,; \
A
k

FIG, 4-7
FLARED FITTINGS
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DUCTING AND
PIPING SHOWN
HERE WILL BE
USED FOR BRANCH

-
|
|
]
I
l
|
|
I
ARRANGEMENT | MAIN, PRIMARY
ALIOWS CONNECTIONS MAIN LINES
BETWEEN MODULES, ]l WILL CONNECT
AND BETWEEN SHIP AND || AT PLATFORMS,
MODULE, FOR ANY SECONDARY BRANCH
NUMBER OR ARRANGEMENT J|  L1INES WILL RUN
OF MODULES || FROM THESE BRANCH
MAIN LINES TO
|| DIFFERENT POSITIONS
|| IN MODULE,BASED ON
| EQUIPMENT POSITIONS
l
|
|
[
[
i

PR

e b e A s,

et s 2l

e

e R L bl

e

210 o=2 LWCEIEXNT OF JUCTING AND PIPING
Ii THE JODULE FLOOR
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83,




\N\m%\RbbC\h\omewﬁ (oo \\N,SDQN\W \Nua\“ w\:\\b«\

=4

i~ o il M P SR NT et S Tl IR R A T e NS R S i
4%

SN
hS
~
D ]
e L

——

/!

AI+I °*OIJINOO~SHANIVINOD ig TIIdNO00 HIVAS FATIVIAY T~§ oI d

\meawbd\m\ LDUIVINDOD %::Sbw\.w. .3m.~\~ n\O\R
7~ . _

.N\g.g .m., \,e Y@ .w,...u\ 3\»2& e /, \ NM“M “WW / \\

;N |

g .,3&...0 & VU0,
A NV N DAV A

rerr NWAN N\

- e o -

Lot ree c\ oo

PRI L)
. P A LR
b T A SR St < 3 3 e ot LG S, e dFul gre IReliont

8k,

kL g P e PR
f s34 WA PCARR R L ) Mkt PR A At A2t 2 KBS in S e s Lk v
SRR fene s 5 A




NN &b&«wu@\m\ vrw\h.\;ﬁ (IO ﬁ..&?o N\ S

,\.qmyﬁ Y\N\h\\\

-

2 9pot T !

2bpte@ | o

\.ukdl PRURpLOY \\.\ 3
Pear...l.u\.w.c\ 4%3 d\o..w

/d
LA

IT °OIJINOO-SHUINIVINOO X QHIIJNOO0 HOVAS HAATLVIZY 2-9 DIJ

\&m&%w\n\ r%@“&&b \\Q\SQYH \.qm.\\d n\blh

P .
-2 o »¥0? T
e 2
T ) OrS\u LE7ES
o3
e \\m\ ?
S)Pr) | . PSS
N(-OQM\.»U o Mkhhwws\zy,u.v RS | ) \:s 22D
| [7E Ys 07 1214 Nv%\;dm ;i % \A\
Wm \\.-\\ wb\\ ¥7ld»} ‘v\wu\&“\ tsv\\b\)\ .
\wm\uin& Pr)s 4 2 2Ny g . .
¢ ! N ‘ -UoN
,  f NMEGED,

85,




5 St SRR G i F%j

\m ?xz.v\ Dj
~t2 Mom 12 m&\w 227174 . ii "OTAINCO
/ \\ \ JHALONYLS WHOAILVId QET AT TINIS €°¢ DT A

w.\hn\n\zm\wu.\\ku} \2.10\&5&\\ _/
CO 0 «° Sws)y 2y

86,

g AT

E‘, Ok 7 1 ble\ KA G o MBS 5 2 St gy R T SN PP N N R D T R IS 5 P T B R UL 2 AL TR DT VLTI N W 1S DU TS S TR VLT ot VTR




e B

hdmwx RwSB\&Qb \\N«Suww .\o.C\\N ¢\\Q\AR

] P =
v, P
, o\a\» 75 \ A
W { Joonusned
| \A X |
i H,, III °HIJANOO-SHANIVINOD X4 QHIJN0D0 FOVAS FAIIVIHY %'y DId .
W &
m
2 .
” ﬁd@ UIUPIUOD m,t.:do*w Qm.\\,. an\k
| — o
s \U\».em N..UV\QAOQ /
=
m g 3/
)
1 2 .\\v\‘ - \ g \mé\)\.\k\d—,
3 s \ /.ll. //.
/w I Dt 3 \ /hJOﬁu
T ‘

A o A O WA I Ry




Co TILCL?HQT‘S o miHeJ (or

CJJLP?é;

N\

FIG 5-5 GENERAL VIEW — CONTAINER BAY, CONFIG III

88.



o >
. e T,

e

. O—-3 Leve 4 (5! Webs Hiliqu/;w/)
E, ‘0 ‘ Deck mfsz/é, = ; ) "ﬁ.vg‘( B;’er-
1 " o / -y “*\ N j\ 3 1 R ‘
| —-——g o Cai /P_&éc;m / : , A HAE

Sf(_k(';é’.s

4

v
’Decl a/ .9/:. /

e,
C N mne s ARt oyl Ao i e S A o i -

r :“ ﬁq
4 wi‘ %’:Lp\
- 8 3 3 >~
3 3 3\
Z / " Jo
| fel &
. L
3 s 3
b w g
) | ~
S | yd

5
HeckdSdd, |

O-/ e ve./ Y

!
i

v

: NZ7E
PRSI |\ 7 L
F 5}&«:&5 L\\\\i\ Lowg L /[ §.E 1;

- T &\\\ , L;i oF

: Deck cn/gz'r/b h = i

FIG 5-6 ARRANGEMENTS — CONFIGURATION IIX

89.




~

R b achaaahbas Froz

o e e e e e

bt

R e ke DN
e bbbl B Aol

L) ~

PPV

SELECTION MATRICES

90.




- T

S (i

]
i r ST o R T 5T S - — - :
w ! Wc:an.wm..wwE(b\ N n/.w N Ul.. NS
. .\\»}223}\ AA..W.( fzing 8 he 3 o= I~ ™ ~ o ~ o~ W
» 6 ’ v >~ .
W/ N R aid Rl RS R A B Rl A &3
) e | BN RO IF 1 L. 13~ — > N
i & R T ooy amms [N S |~ N T N[0 | N
2 w SLIWIOC AHEW Y iy 20 . aJ ~J o e
m. B 4 saovoyasmy RO RN |3 [T | N R
e - - ~y - . . ERE DI o
- ~ O i N2 ~\2
| |S[ e o |5 |- [F o9 =[S
V) Yosows SNt R >~ = [~ ]2 ™ Q) ~
‘ T &) 7 5T NN N
| W " viwsnﬁ v oy ™S {os m O |0 |> | m —
i W o — =
{ 14 - 1 et
' uﬂn W.Y m\. ..\.WEM.IOWJU\.‘_ \O fO o~ I”I Wi (o f/d L T g N
A2 ~ = X . S
: 1dmia, >
M , «.W U._.&m...m S0 ITIML ~N | e N |IQD N |9 | ™~
[, T
SLYo05 w2 w5, ,
3 e e | QIR o D o [w [N
5/7 P .
N | o[ , N - [=
( 2 e amcralyl © o [0~ |R [ < |3
| “ N Q S —
; 2 02 = | L Wl X
¥ Q 23 1 s Q [ =
, = _ 3 . < I .
v . L ) e ur., v < X ~
. “~ < ~e S < 'MJ —I.N
4 : i o . (/.u % ﬁ/mul R 7 W
8]




ve! O % |
W. k%ﬁﬁ%a , A VEI RS NS
N TR : SIS
a . - . 2 . N o
x N\ ARSI =~ i RIEAS
-~ 3 3 ~ |
7 D -~ It A ) . m Z N ~ ™2 ™
& ,Tn ONTHL ?m,m\ - % o ~ <™ ad/.%
4 ~ [Nl Bt D 1 XN H TN ==
M P”vl Um._c\qhw\ .\«\\\‘o\& wvw.\..w Y _ NN “ ~ < ™ %
s 1N ZRBERNEIEBNRAE i
S ~ - ;s JM —~ < ~ f/;w //0' Uol AV Y N e
w oty Smidrdiapm]l 0 [ [ | N ~ « | X ”
f\ﬂw — — : . . . . ~ 1~ NN R EYS
‘ i %Du T HD O 8 : . : : -
V) i :
N ™ N O~ g -
S Nl ¥eroant lab NEEINRIRES
S X , NIl . N
> x| E09-ChsW o adist/ Wl =~ Civ ol )
~ - . T~ N J/AJ all QD 5 T.l: (N
Nﬂ /«,¥\<Q\,v\\%~\\ IV B B ™~ O~ u/.\l\ .5 5
ﬁbo :M r - ] 5 /ﬂv 8 . ™ . S tatdhatad autumetialit
R AN Xa2 vy NN 0N
nﬁi =~ 3 5 5 - 2 .
-9 N IR 2.
= S S| Ty Jt R
T > S| 3] O RS I
X L 3 ~ ..N - (=) T - “.-w ““
2 M o .m - S I N R ey
\ 3 ol WS V/ RN N Nl ..
B FS

Marnix 3.1

L e L

92




s e R i i g A AL
v

TITT

s

"
. t

e AN

s

it A £ i e e R et

Data Link Conneetorw Seigericn Maryix

—— — — . e -

fer, farmgs Weisureo Jarmgs
s I RIEERN B »

) S N | 3

SISIRIEIISHE |2 1%

MISYRNI I :2: > 1.5 N g”’

Sialel i 3 = A

™ § IR E R E A
Warey ooe |5 {2 |28 |1.2l| 1o 4| .4 1 10
Cavaciry 1016 |81 4|5l & |3 |4 (& ::
Cogr GII Y13 U6 1.9 .9 1.3 }
SAFETY 315\ Essllis 1285125
Yioy:n SVE\ 5185 \1.2|| 1o) 1o] 1o} 1o
Tpae ferConee | 1 |7 V7 | 701001 1017201720170
V/Z’;gﬁ’/}T/aN 71/",»;: 515165 1511.Y120!|2.0 41__0 2.0
Mindenariee | 31 &8 |8 13|91 15| 15| 15
P T Lo .”).7-:‘/:;},' { Y 7 7 2 / 2 . 3 .9 . 8 ‘
W, f,l“;.-"i;”bﬁ'h" !/5'1,' / ; ‘( \5' rZ r2) /0 /'0 4 /'0 !
oose |1 ELS|S]6]].6 [ s0]50] 7
|
TOTALS |15 2.6 (234 |22

Matiix 3.2

93,

w




e NS TR PR T Ty ot G R

¥ T T
————— R T ‘—‘-,'s—-:];,-x—-.vjp,v o ot g i

s, SIS I AN e i PS5 e oS A oS WY

Mo rPiex . Wige Netwox Sewecrion Mirait

E Jew. WATMI s || | W7, FaTInNgs
- ~ ‘i‘#? \,g SN %:
< | Yy
L § g = |3 g 7?5 | §
- Qoo bz fen| 4 | & | 3 |[4[17.6 |20 2
| ([T bcomed 7| 9 | 8 |[6][5.0 5.9 |98
£ Proven ‘7 Y19 I[.9113.6 | /6 |36
| Cosr 3128|8296 |67
WeiG.ir 4 19 | 8 ||l.6|129 |29 1968
E oy Bacdeorn]| 4 |4 | 7 |[Y|1h6 11636
%T Feomsory | 919 | 9 ||9]18.1 18/ |8.1
| emrrxrrr | 303 | 7 L9127 12.7 16.3
(oroins Wommezz| 1| 2| 7 ||[10]17.0 |70 |70
WAL s e 1288|221 | 158

o~
E M}’(”L/f‘ > AT SIgNAL 274.‘57'/,1(;97704/ 70 74L5
Whar "/’ TNIEN Faen QAL FOLL OWE N INDIIDUAL THRAS, LivE,

Marprx 3.3

o4




T TTITRNOW

E T

TR

i AR L At Do A

S hc Al L s ot =

ol ~ET Ll kac T L rocPa iissar O LIRSS A ISt S akiar

y« F 7’7/}/«/ SM1sS10M SeeecTion Mirpy

v fammgs §\ Wero. Jarmgs
Frexiziiiry of Sen| 9| 8 4 3.6 132
S gy fer eEm1 8 | 81256 | 5¢€
Eace of Counecriond |8 | 61 .61]9.8 3.6
Fapiarron Losses 21 741.72114.3 6.3
D oecrprelosses | & 911525148 |
Coppizy Losses 4181 .6|/2.9|48
Sz .= 816 i|.94113.212.9
We w7 6|7 1.2l 72 | 1Y
Dyi AB1L17Y El6 ||.5|40 130
Arrenorow Erreers | § | 81 .21 3.5 |46
Fi o1 A& 1407Y 21 721.50] 37|38
TO7ALS |90.6 |43.9

Marpix 3.

~

95.

. ma Ay s et—————

FS NSRRI VORI SIEIPIPPISCE WP WP S R




k) WX AT S T

F'{ETW“,. Y T e A e e ke M
- e

Power Sysrer Lavoor Sascrion Mg
| fez, ﬁ;y‘,w;s Mz/g//rti{ Formgs
". ' -~ 3 " :{ o N ,
- 3 ol 3t 31 @
f ul Nl N ‘
| NINEEIEN
HERRINNRRAEIA
: t N N )
- RN EIEN Y E
3 : § | Z § ?r )
B NN
: Tl BN S Bl | |
3 Feevigiorry | 21721514 18] 35|35 25 2‘_,‘
' Smrnicire (1851618 IS 2525138 |28
 [emeris o986 ][ |5 ||
b Sore vy |EIE5IEIEH8IY 1Y 1Y |7
R A N ar | N2 IEX g F¥ S X W
Foor. rteoe |5185 1515|112 |2 2|2
TOTAS |20.3| 8.5 | 204 | 178
Marjix 3.5

%.




l/\//;l !?Tf/ Hie S LELECTION M477/)(

feLarve FaTNgGs - Wergnreo Farmes
SoRIEIENSIS IRISR R RIS
SISIEISRIZINISIISIEIRISIZIRIS
DN ESEGE AV A TN R 3 N S AT Rl ENSS LN Rty
Yocnewiry |8 110116 /5 1017 110 /0 5’ 1oV 1104y7 | /0
oy ard s A AR AL A A R AR AT A VAR R VAL:
Freunny (619121313 10| 8]0 oz [¢slivler 2] 7 |56
| Corposion Ress |10\ T | 9|7 |77 7|].71]7 63]28 |28]%.9]%7)|2.8
i—é'xl)f)NS/UA/ JVYO7 1912192112182 1,9{.8].9/8¢
(esp 12817151913 |0 te (81251913
Waigrr 1018165181 7(6|L0(|10]8 |6 [5|E ?‘}’6
e Gro (08151 (2106|515 |4 [23].5]/ 513
“77‘7/4/75&&/.</r‘r3 316|413/ i 3131690347 e
Fiew Vi Ji 10 _ﬁfs 216 |9|&01.51|7 14511512513 [4.51/
e o, |14 60712 |6 | 411 w600 |7 [eal 8 1o
M b V3185712171217 1.6 1613 |12l42]92] 12 1.2
TOTALS (583858024 959)72. (5391163

Marad 4.1

-

9?.




Cosr

ONLIIA AU T | O~ o= | =~ 3
@) i~ r‘b
.‘, T vl 642 1 2 |l | AN
! N sZINYIA | nl | | ®
X P ]
wln ~ SNOINN IO T | 2 =
, m. W.Hﬁﬁﬁwvﬂﬁz SRS o~
. S t.v b}
. >3 < mvosig-ind | |D | & o]
R
“ W W .W\\.k o .wmmn«kto o o~ |O~ | &
b 32 i R A
m ZoLob=t INUNSIEMI N [ [ Kw 9
W . -
M N SN @FRETH |~ | O~ | O m =~ .
; % —— 5 , g
, m. W | MUl UL | R 1o o N S
R 6 — :
2 2 sEdvers |0~ O | <
S W W SNOINN {~ |~ |o= DY
e t g - -
» ,EM w | emas) arsm | | |0
- W ,
= " K [rowmvaosia-yond o [ [~
” ” m ?M/ BVULS sSFHANOS | O= | O~ | O
2| &
T | &
] W
IS




R T N, S— i

_Jorar SysTem Sewxerion Marpix
?LL 77,71'/»«.;9 . 'k/sﬁTb, 7;47’/4/:9'5 |

IR |
S SEH NI RIS
olelolo ||t T o] e|$
SHHH B HHHE
SISIS IS IE [ |8 ¢S
Useasiry | 9 12510 | 551]1.01(9.00 2501 000550
Reerr Twne |5 | 9 10| 6 ||851\125 76518501510
Svpwversry) 9|5 | 10| 5 |75 | 615 |3251250|3.75
Seavies Tousil 10 | 6 | & | )0 ||.6516.5013.90|32516.50
Begs. Hecess | 6 |10 ] 8 | 6 ||.601)3.60)6.001480)3.60
Sepviccazary | 7 | 9 | 8 |10 |].60 | 11201550 (48016.00
Simpierry |5 |9 |10 | 5 ||.58 12251495 15.5013.30
Weignt 718 /0|5 ||.50|3.50/4.00\5.00)2.50
Mast Surrosr| 95| 6 |10 | 8 ||.40)|38012.4014.00\320
CONFIGURRTION TOTALS 1435155515135 495

Margx 5./

99.




T e 4 T T ———

- e - B T e Nl e gk ey

BIBLIOGRAPHY
MODULARIZED SYSTEM CONCEPT FORMULATION

1. "Container Ships," J.J.Henry, Transactions SNAME,1596,Vol.74

2, "Aluminum - The Age of Ships," C.H.Holyton, Transactions SNAME
1966, Vol, 74

3., A Study of the Feasibility, Cost, and Benefits of Expanded Use
of the Modular Concept in the DX/DXg Program," Booze-Allen
Applied Research Inc., 23 January 1558,

L, "Modular System Design Concept Feasibility Study," Wheeler
Tndustries, Inc., 22 September 1971;

5. "Carrier Containerization Concept Study," Gruman Aerospace Corp.,
February 1971,

6. "Advanced Concept Containerized Air Capable Ship Study,"
Gruman Aerospace Corp., September 1972 '

7. "The Structural Design of the 0.C.L. Container Ships,"
M.Meck, R,Adams, J.C.Chapman, RINA Transactions, 1971

8. "Three Winning Designs - FDL, IHA, DD-963. Method and Selected §
i

o e s MM O o A Ay o i g g s & WP N | 5 sprpma, ,y,.,;,‘z i

Features.," Transactions SNAME,1971, Vol.79

9, "Modular System Design Concept - Feasibility Study" Wheeler
Industries Rpt SRC-70-TR-N32-H-1, 22 September 1971

10. "A Philosphy of Naval Ship Design and Construction" CDR J,R.Spero,
ICDR W,.F.Hicks, ICDR D.L,Greene,Naval Engineers Journal, Oct.1971 .

11. "DX/DXG Mission Analysis and Modular Arrangement by Functional ;
Synthesis" Standwick Corp. Study Mp/ 4,53, DD-963 Library Code !
No. IC 3626 :

12, "New Concepts Applied to Research Ship Design," CAPT S.C.Reed, |
T.H.Sarchin, and J. Ieiby, Marine Technology, April 1969

13, "Ordnance Suit Management in Concept Formulation and Contract
Definition,” F.J.Schiavi, Naval Engineers Journal, June 1968

14, "Size Determinants in Destroyer Design" Owen H, Oalley,
Marine Technology, October 1968

15, "Modernization and Conversion Study," Book 18 and "Modularity
Study,"” Book 30 Litton DX-CD Proposal

16, DD963 Specification, Para 3.2.5,Spec No, Sy 9310000, 20 Mar,'?70

Preceding page blank

101




Ll Liaac s

AL S

Y

TN
i

T

1 T

Cane

e

con el B Savaditacs 10 d

pp

YT

oS

Arabab e ALl ek 1 e

il

17.

18,

19-

20,

21,

22,

23.

"ol

25.

26,

27,

28,
29,

30,
31,
32,
33.
34,
35.

-

RO G~ = G S e Ly |
T T TS - e A 2

ELECTRICAL INTERFACES

Bell System Practices, Plant ..'eries. Séction 365-010-100 Issue 1, and
Section 365-100-100, Issue 1

"Building Cores- Natural for all Electrie," Flectric World, 15 Oct.'7l,
Pp.96

Connectors, Relays and Switches, G.W.A.Dummer =z3 ¥.il.Hyde, Sir Isaac

Pitman & Sons,Ltd.,London,1966
Electrical Traction Systems and Equipment, inde and M,Hinde,

Pergamon Press, Oxford,1968
The Combat Information Officer, NAVFERS 10823-C, Bureau of Naval

Personnel, Department of the Navy, Washingtoa, D.C,

Principles of Naval -Ordnance and Gunnery, NAVPERS 10783-A, Bureau of
Naval Personnel, Department of the Navy, Washington,D.C.

Radar Electronic Fundamentals, NAVSHIPS 900,016, T.0. 16-1-195, Naval

Ship Systems Command, Department of the Navy, Washington, D.C.

Radar System Fundamentals, Navships 900,016, T.0,16-1-195, Navals Ship
Systems Command, Department of the Navy, Washington,D.C.

Fundamentals of Naval Seience, Vol,II, "U,S.Naval Academy, Annapolis,
Maryland, 1969

Introduction to Engineering Weapons: Class Notes, Weapons and Systems

Engineering Department, U,S.Naval Academy, Annapolis,Maryland, 1969
Naval Electronic Systems, Vol.IV, Glenn E, leydrof, Ed,, U.S,Naval

Academy, 1971
ITT Blackburn, St, ILouis,Mo.,, Test Report on Type 'P' Terminator
Electrical Engineers Master Catalog, United Technical Publications,

Gaoden City, N.Y., 1973

Catalog, American Pamcor,Inc, (API), Valley Forge, Pa,

Catalog, Amphenol Corporation, Chicago, Ill.

Catalog, AMP Corporation, Harrisburg, Pa.

Catalog, Elastimold Division, Amerace-ESNA Corp. Hackettstown,N.J,
Catalog, Elco Corporation, Willow Grove, Pa,

Catalog, Wave Line,Inc,, West Caldwell, N,J,

102




TYrrE

TR e

T

BLomia Cashiiai s 24 on L it

R

T I Y R A T T

Fad

gty

36.
37.
38,
39.
10,
1,
42,

L3,

FLUID FLOW INTERFACES
Ferrous Pipe Plugs, Bushings, and Locknuts with Pipe Threads,
American Standards Association, ASA RIG,14-1965, ASME,1965

Fluid Power, NAVPERS 16193-B, Bureau of Naval Personnel,
Department of the Navy, Washington,D.C.

Pumping of Liquids, F.S.Chapman and F,A,Holland, Reinhold Publ,
Corp., N.Y.,1966

Standard Industrial Hydraulics-Questions and Answers, S.M ¥lonka
and O,H,Johnson, McGraw-Hill,N.Y,.,1967

Marine Piping Handbook, E.P. Goehring,Cornell Maritime Press,N.Y.,
1944

Basic Fluid Power, D.A.Pease, Prentice-Hall, Englewood Cliffs,N.J.,

1967
Thermal Environmental Engincering, James L. Threlkeld, Prentice-

Hall, Englewood Cliffs,N.J, 1970

Blements ~f Materials Science, L.H.Van Vlack, Addison-Wesley Publ,

Co., Reading, Mass. 1970

103.

M cl e oy s Maaieg e e auan st dueiie S =

WTTRW  -J

e il i




Al
»

- e

P

A SR S Y

" mgr £

oy
e

Sroa e msaw A Y er e

TOTAL REQUIREMENTS

Total Equipment Volumessseseessssssnaasnsseesnsossss 663.85 cubic ft.
Total Maintenance VOlumessseosreosnersasesnssnnssensss 041,72 cubic ft,
Total Equipment Floor Spacssseesesesvassssssssssssess176,3% square ft.
Total Maintenance FLoOY SPace..sssecssesecessosassssss250.06 square ft.
Total Power #1 Requirements (60 Hz)sieseoersessssssss028.365 kilowatts.

Total Power #2 Requirements (400 HZ)sesaseeeennrnnesss22.790 kilowatts,

Total Weight.l‘.DOOODIOOl.'.‘.'OIO'....l....."...l...1a06?7 tons

Total Heat DiSSiPa.ted for Air................o...-....léégw BTU/HR.
Total Heat Dissipated for Water.......................3937? BTU/HR,

Total Air F'J-OWIl'.ol.'0.0..0l.....ll.."'ll..l...ll...o Cubic ft/min.
Totavl water mow l.l..'..l"....'.l.'...l...'...l.".l.ls gallonS/min
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SUMMARY

The majority of the literature on modularity in warship design
suggests that structural and interface problems connected with using
8x8x20 containers aboard ship can be solved. Although there is no
single unit extant which possesses all of the desired characteristics,
a few good examples exist. The Chesapeake Instrument Corporation is
presently building a 7x10x20 hardened aluminum van used as a monitoring
and recording center for their towed array system as installed aboard
destroyer escorts and certain large minesweepers. Railroad cards and
pre-fabricated kitchens pass electricity across an interface., Off-the-
shelf items such as contacts, connectors, conduits, piping and duct-
work are available, The applicability to the problem of thzse concepts
and components is discussed in subsequent sections of this report.
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B STATE-OF-THE-ART IN SPECIFIC PROBLEM ARRASG

Four problems are being addressed: construction and load require-
3 ments of the container itself, container-to-deck and container-to-

[ - container attachments, electrical and data flow, and fluid and

; mechanical flow, Each has its own problems and level of development,
All are essential to the problem solution,

T

CONSTRUCTION

Shr e ikl

Currently, there are two main sources from which data on shipboard
containers can be drawn: studies done by private industry for the Navy

AN} g

on container concepts applicable to warship systems and the container
ship cargo fleet. The former is a good source of general conceptual

information, the latter of construction and strength details,

iade

On containerized commercial carriers, the vans are often stacked
six or seven high, Henry (1)*¥, 1966, stated that the containers were
designed to withstand a 45 ton weight per corner. This indicates that

present container frame construction practices result in a frame

= Lo

strong enough for our purposes,

The 7x10x20 van used by Chesapeake Instrument Corporation is
completely hardened and thus of immediate interest to this state-of-the-
art discussion, It is built of an aluminum frame and paels comprised
of two thin aluminum sheets with styrene foam laminated between the sheets,

*-Indicates a reference, listed at the end of the paper.
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Aluminum use aboard ship has increased of late and much progress has
been made in the area of joining steel and aluminrum(2), It is consistent
with the state-of-the-art to examine an aluminum container as a feasible
alternative,

Most of the other government sponsored work has been conceptual in
nature, Booze-Allen Applied Research(3) and Wheeler Industries(4) have
both conducted feasiblity studies and come to the general conclusion that
the modular concept could be applied to warship design and construction,

ATTACHMENTS

Two main sources can be cited for practical attachiment of mcdules to
the deck of a ship, The Gruman Aerospace Corporation(5) and (6} proposed
the use of engaging lugs which would be twist-locked, The Chesapeake
Instrument Corporation has used a system of I-beams and guy wires to attach
their van to the fantail of the ship. The only other proposed idea was
direct welding., Most reports failed to deal directly with this phase of the
modular problem, but assumed it could be done,

Reference (5) dealt with the problem of attachment, suggesting the
use of ISC twist locks to secure the containers. This has not been attempted
in a practical situation, but data from Meek (7) indicates that the couplers
might work.

The Chesapeake apbroach was to provide skids on the bottom of the
van and a series of I-beams welded to the deck, The skids were then belted

to the beams and the top corners of the van secured with guy wires and turn-
buckles,

ELECTRICAL AND DATA CONNECTIONS

There are many good sources of information in this field, ranging from
catalogs (8), (9), (10) 1listing and describing various connectors and
selectors, to books (11) and magazine articles {12), (13) discussing
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various connector types and interface arrangements.
Tne state-of-tho-art in electrical and data flow can be broken

down into three categories:

1. Developments of modular type units which have power/data
interfaces,.

2, Connectors presently being manufactured suitable for the
sea environmeént,

3. Wave guide connectors,
Two studies have been made on modularizing prefabricated kitvhers
(12), (13), Both of these have electrical interfaces, however, they
seem to use in-box connections, not concerning themselves with water-
tight integrity or security,
Another type of modular system is the railroad car, They receive
power in one of three ways:
1, Overhead, by means of a pantograph.
2. Ccatact with conducting rails using a hot shoe,
3. Flexible cable jumpers with water tight, quick acting connectors,
The first two methods do not account for transmission security,
One novel way of supplying power to a van is used by Chesapeake
Instrument Corporation, The only type of power interface required is
a 420 three-phase umbilicial cable., The van has a self-contained power
converter system Which supplies the van with the various types of power
required, The estimated time cf hook-up is 15 minutes,
Th2 second area of study discussed here is agsin broken down into
three specific axreas:
1. Contact type connectors,
2., Screw-in or bolt-connectors,
3, Male-female connectors.,
These are discussed at length in References (8), (9), and (11), The first
type are merely end-on contacts held in place by springs. Tne second
type uses a fork or hook shaped piece of metal and is inserted on the
shank of the screw. The head, when screwed in holds the connector in

place, Male-female connectors are the most complex of the three, All
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three types of connectors maximize current flow and minimize impedance
by having as large a contact area as possible. Many off-the~shelf
connectors today show promise for shipboard use.

VWave guides are the biggest interface problem in this area of study.
They can be made flexible as is the general practice in airecraft (14),
This is 1limited by distortion factors which limit the radius of curvature
to be greater than twice the wavelength of the transmitted radiation (1%),

A choke connection could possibly solve the interface problem by eliminat-
ing the need for the modules to touch -zach other,

FLUID AND MECHANICAL CONNECTIONS

The flow of 1iquid and air across the interfaces is critical, especia-

11y in the command and control spaces. Fortunately, there is sufficient

literature available on the subject of transferring these commodities, The

use of hydraulic hoses and present hose connection practices are addressed

by Holzbock (15). Goehring (16) descrives different uses for pipe aboard

ship and also mentions additional types of and uses for hose. Holland

and Chapman (17) discuss faetors to be considered in pumping fluids, as

well as types of equipment used for that purpose, Elonka and Johnson (18)

give good practical data on hydraulics and related equipment,
Ventilation is the primary air flow system required in this problenm,

Although there exists no really rapid-connecting ventilation duct, many

suitable examples of flex-types are available, The air conditioning cduct

on the Chesapeake Instrument Corp, van is an excellent example; another one
is the ventilation duct used by workers under city streets.

Flow of cooling water for electronic gear, drinking water, and steam

are other considerations in this area. Existing connections are numerous,

The following table indicates some
of the types of piping and fittings in use¢ today.

offering a wide variety to choose fronm,
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Type

LIST OF HOSE

Metallic Flexible
Steel, Galvanized

Water Hose
Wrapped

Rubber Suction
Hose

Metallic Flexible
Bronxe

Rubber Air Hose,

Wrapped

Fire liose

Garden Hose

Cotton Rublber
Lined, Wire Rein-
forced

Service Location Remarks
Steam Machinery Fitted with male
spaces and female couplings
Washing Fitted with male and
Down female couplings
Bilge Suction; Fitted with male and
Pumping Out female couplings
Boilers
Lubricating Filling Fitted with male and
0il Filling connection female couplings
Pneumatin Various shops Fitted with male and
Tools and machin- female couplings
ery spaces
Fire Protec- Placed to give Fitted with male and
tion coverage female couplings
thrcughout the
ship
Sanitary Galley Fitted with male and
female couplings
Fuel 0il Filling
Filling connection

CONCLUDING REMARKS

There exists presently sufficient hardware and data to obtain
a viable solution to the problem at hand,

The objective of this group is to examine, identify, and evaluate

system corponents against certain basic criteria, consistent with sound

engineering practice, and develop one or more alternatives to compare

to present design and construction practice,

Once this is done, the

group can make valid recommendations based on actual calculations and
system analysis, from a practical engineering outlook,
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