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FOREWORD

1. This mlitary handbook is approved for use by all Departnents and
Agenci es of the Departnent of Defense.

2. Beneficial comrents (recommendations, additions, deletions) and any
pertinent data which may be of use in inproving this docurment shoul d be
addressed to: Commander, Naval Sea Systens Command, SEA 03K12, 2531 Jefferson
Davis H ghway, Arlington, VA 22242-5160 by using the sel f-addressed
St andar di zati on Docurnent | nprovenent Proposal (DD Form 1426) appearing at the
end of this docurment or by letter.

3. This docurent provides guidance for the design of fiber optic cable
t opol ogi es for shi pboard applications.

i
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1. SCCPE

1.1 Scope. This handbook contains suggested design rules for defining a
fiber optic cable topology. |In addition, this document describes a suggested
approach for devel opi ng and designing a fiber optic cable topol ogy (FOCT) for
a Naval platformand also identifies the applicable fiber optic conponent
specifications. This handbook is prinarily intended for use by the fiber

optic cable topol ogy design engineer, but provides useful information to a
systens design engi neer as well.
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2. APPLI CABLE DOCUMENTS

2.1 Covernnment docunents

2.1.1 Specifications and standards . The follow ng specifications and

standards forma part of this docunent to the extent specified herein. Unless
ot herwi se specified, the issues of these documents are those listed in the

i ssue of the Department of Defense |ndex of Specifications and Standards

(DODI SS) and suppl ement thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ONS
M LI TARY

M L- S 24623

M L- S- 24623/ 4

M L-1-24728

M L- G 28876

M L- T- 29504

M L- T- 29504/ 14

M L- T- 31000

M L- F- 49291

M L- F- 49291/ 6

M L- F- 49291/ 7

M L- G 83522

M L- G 83522/ 16

M L- G 85045

Source:

Splice, Fiber Optic Cable, General Specification For
(Metric).

Splice, Fiber Optic, Housing, Rotary Mechanical,
Fi ber .

I nterconnection Box, Fiber Qptic, Metric, CGeneral
Speci fication For.

Connectors, Fiber Qptic, Grcular, Plug and
Receptacl e Styles, Miltiple Renmovabl e Term ni,
General Specification For.

Termni, Fiber Qptic Connector, Renovable, Ceneral
Speci fication For.

Termni, Fiber Qptic, Connector, Renovabl e,
Environment Resisting, dass 5, Type Il, Style A
Pin Term nus, Front Rel ease, Ceram c Qui de Bushing
(For MI-GC 28876 Connectors).

Techni cal Data Packages, CGeneral Specification For.
Fi ber, Optical, General Specification For (Metric).
Fiber, Optical, Type |, dass I, Size |V,
Conposition A, Wvel ength B, Radi ati on Hardened
(Metric).

Fiber, Optical, Type Il, dass 5, Size ll,
Conposition A, Wvel ength D, Radi ati on Hardened
(Metric).

Connectors, Fiber Optic, Single Termnus, General
Speci fication For.

Connector, Fiber Optic, Single Termnus, Plug,
Bayonet Coupling (ST Style), 2.5 Mllineters
D aneter Ferrul e, Epoxy.

Cabl es, Fiber Optic, (Metric), General Specification
For .
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STANDARDS
M LI TARY
M L- STD- 2042 - Fiber Optic Cable Topol ogy Installation Standard
Met hods for Naval Ships.
M L- STD- 2052 - Fiber Optic Systens Design.

(Unl ess otherw se indicated, copies of federal and nilitary specifications,
standards, and handbooks are avail able fromthe Standardization Docurnents
O der Desk, BLDG 4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

2.2 Non-Governnent publications . The followi ng docurents forma part of
this docunment to the extent specified herein. Unless otherw se specified, the
i ssues of the documents which are DCD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherw se specified, the issues
of docunents not listed in the DODI'SS are the issues of the documents cited in
the solicitation (see 6.2).

ELECTRON CS | NDUSTRY ASSQOC ATI ON TELECOMMUNI CATI ONS | NDUSTRY ASSCOC ATI ON
El A/ TI A-440 - Fiber Optic Terninol ogy.

(Application for copies should be addressed to d obal Engi neering
Docunents, 1990 M Street NW Suite 400, Washi ngton, DC 20036.)

2.3 Oder of precedence . |In the event of conflict between the text of
this docunent and the references cited herein, the text of this document takes
precedence. Nothing in this docurment, however, supersedes applicable | ans and
regul ati ons unl ess a specific exenption has been obtai ned.
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3. DEFINTIONS

3.1 Acronyns .  The acronyns used in this handbook are defined as follows:

a. FOCP - Fiber Optic Cable P ant

b. ECP - Engi neeri ng Change Proposal

c. FOCT - Fiber Optic Cable Topol ogy

d. NRC - Non Redundant Channel

3.2 Definitions . Definitions for general fiber optics terns used in this

handbook are in accordance with EIA TIA-440. Definitions for other terns as
they are used in this handbook are given in the follow ng paragraphs.

3.2.1 Alocated and used fiber . An allocated and used fiber is a fiber
that is designated and required for use for a particular systemlink, and is
being used to transmt information. Allocated and used fibers include fibers
used for normal channels, fibers for alternate channels, and fibers for non
redundant channel s.

3.2.2 Allocated and not used fiber . An allocated and not used fiber is a
fiber that is designated for use for a particular system but is not being
used to transmt information. Al located and not used fibers include fibers
al l ocated as systemspare fibers, systemgrowh fibers, and system redundant
fibers.

3.2.3 Aternate channel . An alternate channel is the allocated and used
active backup link for a normal channel .

3.2.4 End user equipnment . End user equipnent refers to any cabinet, case,
panel , or device that contains conponents that are either the origin or
destination of an optical signal.

3.2.5 Fiber optic cable plant . The fiber optic cable plant consists of
the fiber optic interconnection boxes, trunk cables and the connectors and
splices used to terminate the trunk cabl es.

3.2.6 Qowh fiber .  An unallocated fiber intended for later use in the
installation of fiber optic systens after initial ship construction.

3.2.7 Internediate interconnection box . An interconnection box in which
two trunk fibers are interconnected.

3.2.8 Local cable. Alocal cable is a fiber optic cable that provides a
conti nuous optical path between an interconnection box (or outlet) and an end
user equi pmrent or between an interconnection box and an outlet, and is
typically not run through the main cabl enays.

3.2.9 Nonadjacent trunk links . Links in a network which do not connect to
a comon node.

3.2.10 Non redundant channel (NRCQ) . A non redundant channel is any
al l ocated and used active link that has no systemrequired backup |ink.

3.2.11 Normal channel . A normal channel is an allocated and used active
i nk between end user equi pnent which has a designated active backup |ink.

3.2.12 CQutlet. An outlet is a snall termnation box used to break out a
| ocal cable froman interconnection box to one or nore equi pments within a
conpart nent .

4
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3.2.13 Redundant fiber . A redundant fiber is a fiber within the FOCT
which is functionally redundant to another fiber. Switching to the redundant
fiber requires manual reconfiguration.

3.2.14 Redundant trunk . A redundant trunk is a second cabl e trunk between
two interconnection boxes that requires different routing fromthe primary
trunk.

3.2.15 Service area . The conpartment or group of conpartments that
accesses the fiber optic cable plant via a shared interconnection box.

3.2.16 Spare fiber (maintenance spare fiber) . A fiber that is not
allocated for use by any system but is reserved for use as a mai ntenance
spare in the case of damage to an allocated fiber within a trunk or | ocal
cabl e that penetrates a deck or bul khead.

3.2.17 Systemspare fiber . A fiber that is reserved for use as a
mai nt enance spare for a particular systemin the case of damage to an
al l ocated and used systemfiber within the cable.

3.2.18 Trunk. Atrunk is a set of trunk cables that run along the sane
pat h between two interconnection boxes.

3.2.19 Trunk cable. A trunk cable is a fiber optic cable that provides a
conti nuous optical path between interconnection boxes. Typically, trunk
cables are run in the main cabl enays and have higher fiber counts per cable
than | ocal cabl es.

3.2.20 Unallocated fiber . An unallocated fiber is a fiber that is not
designated for use for any system but is required as part of the fiber optic
cable plant. Unallocated fibers include spare fibers and growh fibers.

3.2.21 Unused fiber . An unused fiber is a fiber that is not designated
for use by any systemand not required as part of the FOCT. Unused fibers
occur within the FOCT when the required systens fibers are | ess than the
number of fiber available within a standard cabl e size.

5
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4. CGENERAL
4.1 Fiber optic cable topology (FOCT) concept . The concept of the FOCT is
that of a shared resource. It is an integrated fiber optic cabling system

install ed during ship construction (or major overhaul) that supports al

shi pboard interconpartment fiber optic interconnect requirenents. This

i ncl udes growt h, expansion and reconfiguration throughout the life of the
ship. A fiber optic cable plant (FOCP) is laid in the ship interconnecting
key |l ocations. End user equi pments connect into this FOCP rather than |aying
i ndi vi dual cabl es between the equi prents. The FOCP is configured so that

poi nt-to-point |inks or networks are easily accommodated. The FOCP and FOCT
are nost efficient when there are nany different systens requiring fiber optic
i nterconnects | ocated throughout the ship.

4.1.1 FCCT characteristics . The FOCT consists of fibers and cabl es,
splices, connectors and interconnection boxes. Because fibers and cables are
l'ight-weight and small, unused fibers may be installed during ship
construction to provide avail able fibers when fiber optic systens are
installed after the ship has been delivered to the Navy. Additionally,
redundant fibers may be installed so that links that are | ost due to battle
damage can be restored by reconfiguring around the danaged cabl e section

4.1.2 Cable. An end user equi pment accesses the FOCP by running a cable
fromthe equipnent to an interconnection box. This cable is called a |oca
cable. Interconnection boxes are connected together with cables called trunk
cables. The local cables are interconnected with the trunk cables to provide
a conplete |link between end user equipnments (see figure 1). The set of
conplete links defines the FOCT for a particular platform

6
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End user End user
equipment equipment

Fiber optic cable

End user End user
equipment equipment

(A) Direct interconnection

Interconnection Interconnection
box box
End user End user
equipment —— o ! equipment
Trunk
- cable j——
| —
End user \ / End user
equipment \ / equipment
Splices or
connectors
Local Local
cable oca
cable
(B) Fiber optic cable plant interconnection
Figure 1. Typical fiber optic cable interconnects
4.2 Design process . This handbook identifies a design process for

designing a FOCT. This process is divided into a three phase approach which
corresponds to the ship design process. The input infornation in each phase
and t he design reconmendations herein are used to optinize the FOCP and FOCT
configuration for the intended pl atform

4.2.1 Ceneral process . The general process (see figure 2) starts with a
review of the ship specification and ship configuration for the intended
platformto determ ne general requirements for the FOCT. Specifications for
all systens using fiber optics are also reviewed to determ ne specific
requirenments; fiber and cable type, termnation requirenments, fiber optic
performance requirements; as well as additional general requirements that wll
shape the configuration of the FOCP and FCCT.

4.2.2 FCCT configuration . After all the input requirenents are
determ ned, a FCOCT configuration nay be devel oped. The FOCT configuration for
the platformis narried with the detailed ship configuration to generate the
detailed design information; fiber run lists, cable routing diagrans,
i nterconnection box configuration drawi ngs, and detailed parts lists. This
entire package, the FOCT systemdraw ngs and the detail ed design information,
defines the FOCT for the host platform

7
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4.3 Design nethodol ogy . The FOCT design process involves a three phase
approach: conceptual, prelimnary and detailed (see figure 2). As each phase
is conpleted the output fromthat phase becones part of the input to the next
phase. Each design phase nay be repeated as the ship systemand ship design
information and requirenents are nodified. An optinal configuration with the
appropriate docurmentation necessary to specify and install a FCCT is the final
output of the detail ed design phase.

4.3.1 Conceptual design . The conceptual design phase is used to devel op
an initial FOCP configuration. The inputs to this design phase are:

Shi p specification

Ship configuration information
System speci fi cati ons

Concept ual design guidelines (see 5.2.1)

aoop

These inputs can be used to determ ne the general |ocation of interconnection
boxes and the conpartnents that the interconnection box will service (service
areas). GCeneral interconnections between interconnection boxes can be
identified, determning the trunk requirements for the FOCP. A FOCP bl ock

di agram can be devel oped and is used as an input in the prelimnary design
phase. If required, this information may al so be depicted on an isonetric
cabling diagram Typical outputs of the conceptual design phase are:

a. Service area definition
b. Bl ock di agram showi ng
- Interconnection box |location (general)
- Interconnection box service area
- Trunks between interconnecti on boxes
c. Isonetric cabling di agram showi ng
- Interconnection box |ocation (general)
- Trunks between interconnecti on boxes

4.3.2 Prelinmnary design . The prelimnary design builds on the conceptua
design providing nore details on the FOCT configuration. Inputs used to
devel op the prelimnary design are

Concept ual desi gn bl ock di agram
Concept ual isonetric cabling diagram
Det ai | ed system requirenents

Prelimnary design guidelines (see 5.3.1)
Ship configuration information

Shi p specification

TPaoooR

The systemrequirenents can be reviewed to determne the foll owi ng FOCT
requirements:

a. Type of fiber
b. Nunber of fibers required
c. Type of cable for |ocal cables
d. Type of termination to be used
e. Link loss requirenents
4.3.2.1 Systemequiprent location . The location of system equipments can

be determ ned fromthe ship configuration draw ngs.
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TCP LEVEL REQU REMENTS

+3))))))1))) (TLR 3223000000000,
v v
Shi p configuration Shi p specification
(CGeneral systemrequirenents) *
SIDMIIE +33)))1111333)))0)))))))-
* * +)
vV Vv * ® Service area definition
Concept ual design )))))) > Conceptual )))> > e Bl ock di agram showi ng:
gui dance Desi gn +) * - Service areas
* * - |Interconnection box |ocation
- * (general)
* * - Interconnects between
* * i nt er connecti on boxes
* * o |sonetric di agram show ng:
* * - Interconnection box |ocation
* * - Interconnects between
* * i nt er connecti on boxes
Ship specification )))))))), * D
* * +)
* * * o Block diagramand isonetric
Prelimnary design * * *  cabling di agram showi ng:
gui dance * * * - Fiber count/type
* v oV * - Cable count/type
DN > Prelinmnary ))> * - Normal / al t er nat e/ r edundant
DY) > Desi gn +)) * fibers identified
* * * - Interconnection box size
* * * - Interconnection box | ocation
Detai |l ed system * * (conpart nment)
requirements ODN)- * - Termnation definition
* * e Link performance cal cul ations
* )
* +)
* * o Fiber run list (or AID)
v * ® Cable pull charts
Detail ed design ))))))))))) > Detailed ))> = e Interconnection box draw ng
gui dance Desi gn *  showi ng:
* - Configuration
* - Termnation type on
* each fi ber
* ® Detailed parts |ist
* o Cable bl ock diagram
)
Figure 2. FOCT desi gn process
4.3.2.2 FQOCT bl ock diagram and i sonetric cabling di agram The information

fromthe ship configuration drawing can al so be used to determ ne the size and
| ocation of the interconnection boxes and the type of interconnection nodul es

used as well as to identify the trunk cabl e capaciti
configuration. Al of this information can be used
di agram and i sometric cabling di agram whi ch show
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I nt erconnecti on box service areas

Fi ber count/types

Cabl e count/types

Identification of the fiber function
I nt er connecti on boxes

- size

- Location (comnpartment)

f. Termnation types

PoooTp

4.3.2.3 FQOCT configuration control . The block diagramand isonetric
cabl i ng di agram devel oped during this phase should be the final design
configuration of the FOCT and shoul d be placed under configuration control at
this point.

4.3.2.4 Link budgets . A link | oss budget should be cal cul ated for each
link in the FOCT (unless already cal culated by the system designer) to ensure
that the system performance requirenents are met for each FOCT user. |If the
system per f or mance requi rements can not be net, the FOCT configuration should
be changed (that is, connectors changed to splices, intermediate
i nterconnection boxes elininated, and so forth) to ensure all links neet the
system per fornmance requi rements. M L-STD 2052 shoul d be used to conpute |ink
| oss budget s.

4.3.2.5 Fiber optic cable topology . Together the ship specification and
t he FOCT bl ock di agram conpletely define the FOCT. These docunents are used
as input to the detailed design phase of the FOCT design. Ideally, the FOCT
prelimnary design phase should be conpleted in tine so that the FOCT detai
design is done in conjunction with the ship detail design

4.3.3 Detailed design . This is the final phase in the devel opment of a
shi pboard cabl e pl ant desi gn. The docunent ati on devel oped in this phase
shoul d provide all the necessary infornation for the ship builder to procure
the conponents and integrate theminto the FOCT. The inputs used to devel op
this final docunentation package are:

a. FOCT prelimnary design bl ock di agram
b. Ship specification
c. Detailed ship construction draw ngs
d. Fiber optic conmponent specifications
4.3.3.1 Design process and products . The detail ed design process takes

the prelimnary FOCT bl ock diagramand nerges it into the ship construction
drawi ngs providing detailed information on the specific FOCT conmponents to be
used and their exact location on the ship. The exact |ocation of the

i nt erconnection boxes within the conpartments should be identified along with
the location of the cableways that cables will be routed in. Fiber run lists,
or cable installation interconnection drawings (Cl1Ds), and configuration
drawi ngs showi ng the termnations w thin each interconnection box should be
devel oped provi ding the end-to-end connection requirenents between system
equi pnrents. Finally, a detailed parts list showing all the components in the
FOCT shoul d be generated. The outputs of the detail ed desi gn phase are:

10
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a. Systemdraw ng show ng:
- the nunber of trunks between interconnection boxes
- the nunber of cables in each trunk
- the type and nunber of each fibers in each cable
- routing restriction on trunk and | ocal cables
- termnations on |local cables at equi prent interface
b. Fiber run list (this information rmay be included in the FOCT
configuration, interconnection box configuration, and cabl e bl ock
di agrans or dIDs.)
c. Cable pull charts
d. Interconnection box configuration draw ng show ng:
- termnation type on each fiber
- configuration of termnations in interconnection nodul es
e. Detailed parts |ist

4.4 Design docunentation . Al FOCT design docunentation should be
devel oped using M L-T-31000 and M L- STD-100 as gui des.

11
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5. DESI GN PROCESS

5.1 Design process . The design process outlined in 4.3 is tailored to the
shi p design process and schedule. The FOCT design is based on information
fromthe ship specifications and on detail ed ship configuration information.

At the end of each phase of the design process, the FCCT design shoul d be

pl aced under configuration control and then integrated into the total ship
desi gn package. The FOCT design shoul d be done in conjunction with the ship
design so that nodifications to the ship contract to incorporate the FOCT are
not required.

5.1.1 FQCCT design developnent . The follow ng sections identify the
information that is required at each phase in the devel oprent of the FOCT
design. The requirenments fromthe ship and system specifications are conbi ned
wi th FOCT design guidance to develop the optinal configuration of the FOCT for
the specific platformon which it is to be installed.

5.2 Conceptual design . The first phase in developing a FOCT is the
conceptual design. Ship and system specifications and ship configuration
drawi ngs are reviewed to deternine ship and system configurations and
requirements. Fromthese requirements the initial FOCT configuration is
devel oped. This initial design shows the |ocation and the approxi mate nunber
of interconnection boxes as well as identifying interconnecting trunks between
i nt erconnecti on boxes.

5.2.1 Conceptual design process . |In order to optinize the FOCT
configuration, information on the end user equipment that will interface to
the cable plant is analyzed to develop the follow ng itens:

a. Service area definitions
b. Trunks required between interconnection boxes

5.2.1.1 Service area definition . A service area is a set of conpartnents
that are grouped together to share the sane interconnection box. Service
areas are determned by identifying all conpartments on the ship that require
access to the FOCT and then grouping the conpartments together based on
| ocation and the nunber of systems using the FOCT within a local area. The
i nterconnection boxes are then prelimnarily located within the service areas.
I f possible, a service area should contain conpartments fromno nore than one
or two watertight zones within the ship.

5.2.1.2 Trunks between interconnection boxes . Once service areas are
defined and prelimnary interconnection box |ocations are chosen, the
i nt erconnection requirenents between interconnection boxes are identified.
For the conceptual design it is sufficient to identify a requirement for an
i nterconnection w thout specifying the total nunber of fibers required in that
i nt erconnecti on

5.2.1.2.1 Interconnection requirements . The interconnection requirenents
are deternined fromthe system specifications, systemdraw ngs, and ship
configuration drawi ngs. The system specification or systemdraw ngs shoul d
identify the interconnection requirenments between system equi pments while the
ship configuration drawi ngs should identify the |l ocation of those equi prents.
This information is used to identify the trunks required between
i nterconnection boxes. Local cables are routed fromthe system equi pnent to
the interconnection box in that equipnent's service area. The total
i nterconnection requirenents between equi pments deternines the trunks required
bet ween i nt erconnecti on boxes.
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5.2.2 Conceptual design summary . The output of the conceptual phase of
the design process is a block diagramand isonetric cabling diagrams show ng
t he conceptual configuration of the cable plant. The drawi ngs shoul d show t he
i nterconnection box service areas, prelimnary interconnection box |ocations
and the interconnection requirenents between service areas. As a mni mum
there shoul d be one interconnection box for each service area.

5.3 Prelinmnary design

5.3.1 Prelinmnary design process . During the prelininary design the
configuration of the FOCT is devel oped to the point where interconnection box
| ocations and trunk requirenents are identified. The information determn ned
during this phase is:

a. Fiber function identification
b. Fiber quantity
c. Trunk and local cable identification
d. Termination type
e. Prelinmnary interconnection box size, configuration and | ocation
f. Trunk and | ocal cabl e redundancy
g. Special |ink performance requirenents
h. Qher special requirenents
5.3.1.1 Fiber function . Fibers are identified as either trunk fibers,

those in trunk cabl es run between interconnecti on boxes, or |ocal fibers,
those in local cables run between end user equi prent and i nterconnection
boxes.

5.3.1.1.1 Trunk fiber categories . There are four categories of trunk
fibers:
a. Alocated and used
b. Allocated and not used
c. Unallocated
d. Unused
5.3.1.1.1.1 Allocated and used (trunk) . Allocated and used fibers are

fibers that are required by a user to interconnect system equipnents. System
specifications are reviewed to deternmine the fiber optic interconnection
requirements. These interconnection requirenents are then used to deternine
t he nunmber and type of allocated fibers required in the trunks between

i nterconnection boxes. Fibers contained within this category are:

a. Nornmal channel fibers (see 3.2.11)
b. Alternate channel fibers (see 3.2.3)
c. Non Redundant Channel (NRC) fibers (see 3.2.10)

5.3.1.1.1.2 Allocated and not used (trunk) . A located and not used fibers

are fibers that are assigned to specific systens but are not actively used by
t he system equi pnent. Manual reconfiguration is required in order to activate
the use of these fibers. Fibers in this category are:

a. Systemrequired spare fibers
b. FOCT supplied redundant fibers

5.3.1.1.1.3 UWnallocated . Unallocated fibers are fibers included in the
basi c design that are not designated for use by a specific system These
fibers are:
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a. Ceneral spare fibers (see 3.2.21)
b. Gowh fibers for future systens (as yet unidentified)

Unal | ocat ed fibers provide shipboard flexibility in recovering fromrandom
failures and battl e damage, and can inprove survivability and availability.
In addition, when new systems or upgrades are installed on a ship already in
service, sone or all of the required trunk fibers may already be installed
which facilitates a snoother ship upgrade process.

5.3.1.1.1.4 Unused. Unused fibers are fibers that are not required in the
design, but occur within the FOCT when the required nunber of fibers is |ess
than the number of fiber available within a standard cabl e size.

5.3.1.1.2 Local fiber categories . There are al so four categories of
| ocal fibers:

a. Al ocated and used
b. Alocated and not used
c. Unall ocated
d. Unused
5.3.1.1.2.1 Allocated and used (local) . Allocated and used fibers are the

fibers required by the systemto interconnect the system equi pnents together
via the FOCP fibers. Fibers contained within this category are:

a. Nornmal channel fibers (see 3.2.11)
b. Alternate channel fibers (see 3.2.3)
c. NRC fibers (see 3.2.10)

5.3.1.1.2.2 Allocated and not used (local) . Alocated and not used fibers
are systemrequired fibers that are not actively used by the end user
equi prent. Manual reconfiguration is required at the end user equi prent and
in the interconnection box to activate use of these fibers. Fibers contained
within this category are:

a. Systemrequired spares
b. Systemrequired redundant fibers
c. Systemrequired growth fibers

5.3.1.1.2.3 Unallocated (local) . These are required spare fibers for
| ocal cabl es which penetrate water tight bul kheads.

5.3.1.1.2.4 Unused (local) . Unused fibers are fibers that are not
required by the end user equi pment, but occur within the FOCT when the
required nunber of fibers is |ess than the nunber of fiber available within a
standard cabl e size

5.3.1.2 Trunk fiber quantity allocation . The nunber of required fibers in
runk(s) between interconnection boxes is deternined fromthe nunber of

ers required by all of the systens for each of the categories listed in

.1.1. The nunber of trunks is affected by systemrouting restrictions (see
.1.6 and 5.4.1.1).

at

fib

5.3

5.3
5.3.1.2.1 Quantity of allocated and used fibers (trunk) . The nunber of

all ocated and used trunk fibers is determned fromthe end user equi prent

drawi ngs and ship configuration drawing. |f possible, fiber for systens that

are planned for installation, but not installed prior to delivery, should be
included in this category.
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5.3.1.2.2 Quantity of allocated and not used fibers (trunk) . The nunber
of allocated trunk spares should be determ ned fromthe system specification
or systemdraw ngs. Redundant trunk fibers should not be provided for norma
and alternate channel trunk fibers unless required by the system |n those
cases where redundant local fibers are required by a system redundant trunk
fibers should al so be provided to connect between the redundant |ocal fibers.
Redundant trunk fibers nmay be provided for NRC trunk fibers if this redundancy
is judged to be beneficial by the system designer and the FOCT designer.

5.3.1.2.3 Quantity of unallocated fibers (trunk) . QGowh fibers should be
provided in the trunks for future users that have not as yet been identified.
The quantity of growh fibers provided in a trunk should not be | ess than 20
percent of the total nunber of allocated fibers in that trunk. Spare trunk
fibers should al so be provided (the percentage of fibers required to be
desi gnated as spare should be found in the ship specification). GCenerally,
t he nunber of spare fibers required is cal cul ated as a percentage of the
nunber of allocated fibers. A mninmumof 5 percent of the allocated and used
fibers within a cabl e should be provided as spares.

5.3.1.3 Local fiber quantity allocation . The nunber and type of |oca
fibers required for each end user equipnent is determned by review ng the
system drawi ngs. The nearest interconnection box that those fibers should be
routed to is determned by review ng the FOCT configuration draw ng.

5.3.1.3.1 Quantity of allocated and used fibers (local) . The nunber of
al l ocated and used local fibers is determned fromthe systemdraw ngs and the
ship configuration drawing. Fibers for systens planned but not installed
prior to ship delivery should not be included in the all ocated and used | ocal
cabl e or fiber deternination.

5.3.1.3.2 Quantity of allocated and not used fibers (local) . The nunber
of systemallocated spare fibers in | ocal cables should be determned fromthe
system drawi ngs or specification. Redundant or growth |ocal fibers or cables
shoul d not be provided unless required by the system

5.3.1.3.3 Quantity of unallocated fibers (local) . For local cables which
penetrate decks or bul kheads the nunber of spare fibers should be as specified
in the ship specification. In this case, a mninumof 5 percent of the

al l ocated and used fibers within a cable should be provided as spares. For
all other local cables, spare fibers are generally not required.

5.3.1.4 Trunk cables . The nunber of trunk cables required between inter-
connect i on boxes depends on the nunber of trunk fibers required. There are
four standard fiber counts for Navy fiber optic cable, 4, 8 24 and 36 fibers;
any of these cable sizes may be used. The follow ng design principles should
be observed when devel opi ng the trunk cabl e infornation:

a. The nunber of allocated and used fibers in a trunk cabl e shoul d not
be greater than 75 percent of the total nunber of fibers in the
cabl e.

b. Miltinode and single nmode fiber should be put in separate cabl es
(standard Navy cables do not mix the fiber types).

c. Redundant fibers should be put in separate cables fromtheir
respective NRC fibers.

d. Redundant cabl es should be routed as described in 5.3.1.6 and
5.4.1.1.
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5.3.1.5 Termnations . The type of termnation used shoul d be determ ned
fromthe systemdraw ngs or specification. |If there are no system
requirenments, either the ML-C 83522/16 connector or the ML-S 24623/4 splice
may be used. Link |oss budgets should be conputed (if the system designer has
not already done so) to ensure that the systemlink | oss requirements can be
net by the selected ternination. The nunber of each type of term nation
should be identified in either the bl ock diagramor as a ternination
requirements list. This determ nes which term nation nmodules are required in
the interconnection box as well as the size of the interconnection box. This
al so hel ps the shipbuilder to nore accurately deternine the cost of the
instal lation.

5.3.1.6 Service areas and interconnection boxes . The size of an
i nterconnection box is determned by the nunber and types of interconnections
required in a service area. The Navy standard interconnection box allows two
different types of interconnection nodul es, one for connectors and one for
splices. The splice nmodul e can consist of one or two splice tray hol ders
(each splice tray hol der can house 36 splices), while the connector modul e can
house 48 connections. The |argest interconnection box avail abl e can house
three interconnection nmodul es.

5.3.1.6.1 Interconnection box growth . The interconnection box should have
unused interconnection adaptors (splices or connectors) to provide for future
growt h. The nunber of unused adapters should be as specified in the ship
specification. GCenerally, the nunber of unused termnation spaces can be any
conbi nation of connectors or splices in interconnection boxes with both type
terninations.

5.3.1.6.2 Unallocated fiber and unused fiber ternination . The types of
termnations (if any) required on unallocated fibers and unused fibers shoul d
be as specified in the ship specification. Typically, both unallocated fibers
and unused fibers are not termnated. However, these fibers should be
provided with a connector adaptor or splice tray position. These positions
may be some of the unused connector adapter or splice tray positions provided
for future grow h.

5.3.1.6.3 Service area division . If the nunber of cables and termnations
in a service area cannot be accomodated in a single interconnection box then
that service area should be divided into separate service areas so that there
is only one interconnection box in each service area. An exception to this is
if the service area is a single conmpartment. |f the nunber of cables and
termnations in a service area cannot be accomrodated in a single
i nt erconnection box then nore than one interconnection box can be used.
5.4.1.3 provides gui dance on the use of multiple interconnection boxes within
a service area

5.3.1.6.4 Intermediate interconnection boxes . An internediate
i nterconnection box is an interconnection in which two trunk cables are
connected together (see figure 3). The use of internediate interconnection
boxes shoul d be avoided. If only one or two fibers are required between two
i nterconnection boxes and an alternate route that uses an intermediate
i nterconnection box is available, the use of an internediate interconnection
box nmay be justified (see figure 4). Link | oss budgets should be conputed to
ensure that the link through the intermedi ate interconnection box neets the
systemlink | oss requirenents.
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*L End user
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Interconnection box
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Note: This arrangement is not recommended.
FIGURE 3. Internediate interconnection box
Interconnection box 1 Interconnection box 2

End user ﬁlﬁ Jﬁ

equipment T T
, 36 Fibers
| / (16 available)
[

36 Fibers
I (12 available)

| Jﬁ End user
. T equipment

I Interconnection box 3

2 Fibers required

FIGURE 4. Use of an internediate interconnection box

5.3.1.7 Normal and alternate connections . For channels with both a nornal
and alternate connection, if the normal |ocal cable crosses a watertight
bul khead, the alternate cable should be routed to a different interconnection
box than the normal |ocal cable (see figure 5).
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5.3.1.8 Link performance . A link |oss budget should be cal culated for
each link in the FOCT unl ess the system designer has already done so. The
cal cul ations should be made as specified in ML-STD 2052. |If specific FOCT
links are required to have a performance beyond that of a standard FOCT I|ink
(see M L-STD 2042-6), these requirements and the links to which they apply
shoul d be noted. Exanples of special performance requirenents are
requirements for the loss to be |l ower than the val ues specified in
M L- STD- 2042-6 or for the total link length to be within specified bounds.

5.3.1.9 FCCT security . |In general, the ship is considered a secure area
and nornmal FOCT security should consist of the installation of fiber optic
cabl es and interconnection boxes in any |location aboard the ship. Nornal
i nt erconnection box security shoul d be provided through the bolting down of
the interconnection box cover.

5.3.1.9.1 Special security requirements . Special security requiremnents
for the FOCT shoul d be determned fromthe system specifications and the ship
specification. Systenms with different security requirenents may use the sane
FOCT, dependi ng upon the specific security requirenents. Wen the FOCT
contains fibers with classified infornmation as well as non-classified
i nformation, specific security information can be obtai ned from NAVSEA Code
03K21.

5.3.1.10 Local area network (LAN) survivability

5.3.1.10.1 D stributed inplenentations . For FOCT links that are part of a
di stributed LAN | npl ementation designed with a nornal LAN and a functionally
redundant alternate LAN, the foll owi ng design rul es are reconmrended.

(1) Al FCCT trunk links for the normal LAN shoul d be survivably
separated fromthe FOCT trunk links for the alternate LAN

(2) Nonadj acent FOCT trunk links for both the normal and alternate LAN
shoul d be survivably separat ed.

The criteria for the survivabl e separation of cables can be deternined from
section 072 of the ship specification.
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Figure 5. Local cables for normal and alternate channel s
5.3.1.10.2 Centralized inplenentations . For FOCT links that are part of a

centralized LAN I npl ementation designed with a nornal LAN and a functionally
redundant alternate LAN, the foll owi ng design rul es are reconmrended.
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(1) Al FCCT trunk links for the normal LAN shoul d be col ocated and
shielded to the nmaxi mum extent possible utilizing the ship structure
and arnoring for protection. Likew se, all of the FOCT trunk |inks
for the alternate LAN shoul d be col ocated and shiel ded to the maxi num
extent possible utilizing the ship structure and arnoring for
protection.

(2) The FOCT trunk links for the normal LAN shoul d be survivably
separated fromthe FOCT trunk links for the alternate LAN

5.3.1.11 Special requirements . Special requirenents for FOCT |inks can be
determ ned fromthe system specifications and the ship specification. Special
requirenments include length, |oss, and routing restrictions beyond those of
typi cal FOCT links.

5.3.2 FQCT bl ock diagramand isonetric cabling diagram . A prelininary
desi gn bl ock di agram and isonetric cabling diagramof the FOCT shoul d be
produced. The draw ngs shoul d i ncl ude:

a. Interconnection box service areas
b. Interconnection box |ocations (identify conpartnent)
c. Trunk paths between interconnection boxes (separation requirenents

not ed)
d. Cable sizes and type for each trunk path
e. Nunber of single node and multinode fibers in each trunk path
f. Number of fibers of each functional type in each trunk path
g. Termnation type for each fiber to be terninated
h. Interconnection box sizes (1, 2 or 3 nodul e)
i. Type of termination nodules in each interconnection box
] Not es on special perfornmance requirements for any |inks

5.4 Detailed design . The detailed design phase is the final phase in the
cabl e plant design process. It should be done at the sane time as the ship's
detail ed design. The FOCT prelininary block diagram the system
specifications, and the ship specification provide the inputs to this phase.
The output of this phase should be all of the documentation necessary to
install the FOCT.

5.4.1 Detail ed design process

5.4.1.1 Trunk cable routing . In the design, particular care nmust be taken
when sel ecting trunk paths between interconnection boxes. Were redundant and
respective NRC fibers or alternate and respective normal fibers are in cables
installed in the fore and aft direction, they shoul d be survivably separated
in accordance with section 072 of the ship specification. Redundant and NRC
fibers should cone together only at the interconnection box that they service
Simlarly, normal and alternate fibers should come together only at the end
user equi prent they support.

5.4.1.2 Local cable routing . Local cables should be routed fromthe end
user equiprent to the interconnection box for the service area containing the
end user equi pment. Systens which have normal and al ternate channel s shoul d
have the respective local cables routed to separate interconnection boxes.
Local cables for normal and alternate channel s shoul d be survivably separated
fromeach other once they are further than sixty feet fromthe end user
equi prent .
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5.4.1.3 Interconnection box configuration . The interconnection box shoul d
be configured to provide ready access to redundant and growth fibers. The
connect or nodul e should be filled starting with the row cl osest to the inside
of box and working outward (see figure 6). Normal and alternate fibers should
be nmounted nearest the inside of the box. NRC fibers should be nmounted next.
NRC fibers termnated with connectors shoul d be nounted on a separate row with
t he correspondi ng redundant fibers nounted in the row i medi ately above the
NRC fibers. Unused adaptors shoul d be mounted cl osest to the outside of the
i nterconnection box. For splices, the normal, alternate, NRC and redundant
fibers shoul d be separated fromgrowh and unused splice |ocations (see figure
7). NRCfibers termnated with splices should be nounted in separate trays
fromnormal and alternate channels, with the redundant fiber |ocated
i medi ately next to the corresponding NRC fiber (see figure 8).
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5.4.1.3.1 Cable routing to nmultiple interconnection boxes in a service
area. |If nmore than one interconnection box is required in an interconnection
box service area, the cables entering that area shoul d be separated between
t he boxes based on the point of conpartnent entry. For exanple, cables com ng
fromaft sections should be termnated in one interconnection box while cables
fromforward sections should be termnated in the other box.

5.4.1.4 Local cable end user equiprment interface . The termnation on the
local cable that interfaces to the end user equi pnent should be conpatibl e
with the systemequipnent. Single fiber connectors can be used for this
interface, however, the single fiber connectors should be rmounted internally
to the equipnent or in an equiprment rack. Single fiber connectors shoul d not
be nounted externally to the equiprment. Miltifiber connectors can al so be
used for this interface. Figures 9 and 10 show typical |ocal cable end user
equi prent terninations.

Trunk fibers Splice tray Local fibers

NRC

Redundant

1
[
NRC —
L |
[ ]

Redundant

Spare

il

Spare

(@) NRC and redundant fibers

Trunk fibers Splice tray Local fibers
Alternate —
Alternate L 1
L |
Alternate ]
Normal L | ]
L
Normal ]
L

(b) Normal and alternate fibers

Figure 8. Splice tray configuration.
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Equipment Equipment
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Figure 9. Typical end user equi pnent terninations

Equipment Rack Equipment Rack
Light Duty Light Duty Heavy Duty

C ti i
or:;ec on Cable Penetrator Connection Connector

Sl = B f—

Figure 10. Typical end user equipnment rack terni nations

5.4.1.5 Fiber optic conponents . Standard Navy fiber optic conponents
shoul d be used in the FOCT. The ship specification should provide a |ist of
fiber optic conponents approved for use in that ship. |If there are questions
on the use of a particul ar conponent, NAVSEA 03K12 shoul d be contacted for
information. The followi ng sections summarize the standard fiber optic
conponents that are available for use in the FOCT.

5.4.1.5.1 Fiber type. There are two basic types of fiber that are
qualified for shipboard use, single node and multinode. The type of fiber
installed in the FOCT should be determned fromthe systemrequirements. The
Navy standard rultimode fiber is the ML-F-49291/6 fiber (62.5 pm core/ 125 pym
cl addi ng di aneters). The Navy standard single node fiber is the ML-F-49291/7
fiber (9 pumnoninal node field dianeter).

5.4.1.5.2 Fiber optic cables . The Navy standard fiber optic cables are
the ML-G 85045 cables. Either of the two standard fibers can be used in the
Navy standard cables. There are four standard fiber counts that can be used,
4, 8, 24 and 36 fiber. Single mode and nultinode fibers are not contained in
t he same cabl e.
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5.4.1.5.3 Single fiber terninations . There are two Navy standard
termnations that can be used, ML-GC 83522/16 (ST style) connectors and
M L-S-24623/4 (rotary nechanical) splices. The type of termnation used on
the trunk and | ocal fibers should be deternined fromthe system specification
or systemdrawings. |If there is no specific requirenent for a termnation
type, either type nmay be used if the systemlink |oss budget can be met using
the selected ternination type. The ML-GC 83522/16 connector and the
M L- S-24623/ 4 splice should not be installed externally to equi pment or
encl osures.

5.4.1.5.4 Miltifiber terminations . The multifiber termnation is used for
direct connection of local cables to the systemequipnent. The termnation on
the local cable should be conpatible with and mate with the connector on the
end user equi pment. The Navy standard M L-G 28876 multifiber connector should
be used for all multifiber termnations. Navy approved M L-T-29504/14 ternin
shoul d be used within the ML-GC 28876 connector.

5.4.1.5.5 Interconnection boxes . The Navy standard M L-1|-24728
i nt erconnection box shoul d be used.

5.4.1.6 Installation and test . The FOCT should be installed and tested in
accordance with M L-STD 2042.

5.4.2 Detail ed design docunentation . The output of the detailed design
phase is the docunmentation necessary to install the FOCT. This docunentation
i ncl udes:

- Fiber run lists (or C1DS)

- Cable pull charts

- Interconnection box configuration draw ngs
- Detailed parts lists

- Cabl e bl ock di agrans

5.4.2.1 Fiber runlists . The fiber run list should provide the end-to-end
connections for each fiber. Each fiber should be designated by a unique fiber
nunber and have the appropriate systemidentification included in the fiber
run list. The fibers should be nunbered in accordance with the ship
specification. The fiber function (nornal, alternate, NRC, redundant, spare,
or growth) should also be identified on the fiber run list. This information
may be included on the FOCT design configuration and interconnection box
configuration drawi ngs rather than as a separate fiber run |ist.

5.4.2.2 Cable pull charts . The cable pull chart should provide the
detailed routing information for each cable. Each cable shoul d be designated
by a uni que cabl e nunber. The cabl es shoul d be nunbered in accordance with
ship specification

5.4.2.3 Interconnection box configuration drawings . Interconnection box
configuration drawi ngs should identify the interconnect requirenments between
local and trunk fibers. The type of termnation for each fiber and the
| ocation of that termnation should be identified.

5.4.2.4 Detailed parts list . A detailed parts list should be generated
identifying all of the conponents required. The list should include the Navy
standard specification and quantity required for each type of conponent
identified in the cable FOCT detail design.
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6. NOTES

6.1 Intended use . The focus of the design process and guidelines is new
ship construction and cl ass upgrades. Those categories of ship prograns are
nost anenabl e to the incorporation of a FOCT. However, the design guidelines
can be effectively applied to ship overhaul and backfit prograns.

6.2 Subject term(key word) listing

Al |l ocat ed fi ber
Al ternat e channel
Naval platform
Nor mal channel
Spare fiber

Unal | ocat ed fi ber

Preparing activity:
NAVY - SH
(Project GDRQ N165)
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1. DOCUMENT NUMBER
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FIBER OPTIC SHIPBOARD CABLE

TOPOLOGY DESIGN GUIDANCE

4. NATURE OF CHANGE (Identify paragraph number and include proposed rewrite, if possible. Attach extra sheets as needed.)

5. REASON FOR RECOMMENDATION

8. PREPARING ACTIVITY
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