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ABSTRACT

System definition is a prerequisite for effective management of
maintenance, new construction, test programs, logistical support,
and other ship-related needs. To provide integrated management
of ship systems from "cradle to grave', the definition must utilize
a common language. Neither the EIC or the WBS, as presently
structured, are suitable for use as a common language since they
are basically directed toward different elements in the Navy
organization. However a configuration accounting system
developed by merging the WBS and EIC with due regard for the
needs of both maintenance and construction managers can serve
that purpose. The feasibility of creating a common language by
merging the two systems is demonstrated in this report.
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1
INTRODUCT ION

-

The two principal methods of configuration accounting in the Navy are the
Equipment Identification Code (EIC) and Bureau of Ships Consolidated Index (BSCI).
Each accounting method is used by different Navy organizations, and their parallel use

contributes to the complexity of ship maintenance programs.

The desirability of a common language for configuration accounting is expressed
in the Ship Overhaul Improvement Program Manual. This manual was developed to
""identify those maintenance problems whose specific solutions would significantly con-
tribute to improved management of the maintenance dollar and provide optimum over-
hauls of complex ships.' Item 414 therein, "Develop and Implement a NAVSHIPS
'Single Language', ' cites the problems arising from the use of different configuration
accounting systems during the life of the ship. The Work Breakdown Structure (WBS)
was developed in response to this task. However, because the WBS is oriented
toward new construction and conversion, it has not been accepted by the maintenance
community, particularly those organizational elements involved in the areas of elec-

tronics and ordnance.

This report discusses an approach to meeting the configuration accounting needs
of all Navy elements — merging the EIC and WBS into the desired common language.
The feasibility of such an approach is demonstrated, and detailed examples given of

how the merged system would work.

1/2
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2
PRESENT SYSTEMS

The Equipment Identification Code is the principal means of configuration
accounting for reported maintenance actions/deferrals under the Navy 3-M Maintenance
Data Collection System. The Work Breakdown Structure is a proposed configuration
accounting system intended to combine the functions served by the EIC; the Bureau of
Ships Consolidated Index of Drawings, Materials and Services Related to Construction
and Conversion (BSCI); and Ships Design and Material, group 9000 Series, of the Navy
Standard Subject Identification Code (SSIC).

The WBS is oriented toward the needs of the new-construction and conversion
community, while the EIC is oriented toward the needs of the maintenance and over-

haul community. The present structure of these two systems will now be discussed.

2.1 EQUIPMENT IDENTIFICATION CODE

The EIC is a four-character alphanumeric code for identifying ship configura-
tions. The initial character identifies major systems (e.g., Outfit/Furnishings,
Propulsion, Sonar, etc.); the second character denotes major subsystems (Heating,
Fuel Oil Service, etc.) within each major system; and the last two characters identify
equipment or equipment groups (e.g., main feed pumps, distilling plant, etc.) within

each subsystem.

Under the EIC structure, 28 major systems are identified. Certain of these
systems (e.g., Hull Structure) are common to all ships; others (e.g., Propulsion,
Main Steam, Mechanical Drive) are unique to specific types. The 28 major systems
are subdivided into approximately 350 subsystems, and these subsystems into

approximately 10,000 equipment groups.

System breakout under the EIC structure is essentially on the following basis:
1) hull, mechanical, and electrical systems according to functional element or equip-

ment type; 2) electronic systems according to "AN'' designators and equipment modi-

fication number; and 3) ordnance systems according to '"Mark-Mod'" designators.




The EIC also provides one non-equipment category for maintenance support

services, such as sea trials, tests, shore systems, planned maintenance, etc.

2.2 WORK BREAKDOWN STRUCTURE

The WBS is a three-character numeric code which, similarly to the EIC, is
based on a three-level breakout of ship configuration. Under the WBS system the ship
is broken out at the first level into seven major equipment cate.gories: Hull Structure,
Propulsion Plant, Electric Plant, Command and Surveillance, Auxiliary Systems,
Outfit and Furnishings, and Armament. Each of these categories is further subdivided
into two additional levels of detail. The third level of breakout consists of approxi-

mately 260 equipment categories.

The WBS also provides three non-equipment categories: General Requirements,

Integration/Engineering, and Ship Assembly.

The addition of a fourth digit to the basic three-character WBS code increases
the number of equipment categories available to approximately 2300. Approximately
400 additional equipment categories would be available if the third level were expanded
to its full capability.

2.3 COMPARISON OF EIC AND WBS
The EIC and WBS will now be compared in terms of:

Levels of breakout
Exhaustiveness of coverage
Discreteness of coverage

Degree of breakout

o Qo 0 T o

Universality of equipment categories 3 4

2.3.1 Levels of Breakout

The objectives of maintenance management require that the data collection

system provide the capability for:

a. Grouping equipments at more than one level of detail, to permit
budgeting, overhaul planning, problem analysis, and the various

other maintenance management functions,

b. Grouping equipments by actual application as well as type.
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The objectives of ship construction/conversion management require that the
data collection system provide the capability of grouping equipments and tasks at more
than one level of detail to permit cost and weight estimating and reporting, progress

reporting, drawing numbering, and work scheduling and control.

2.3.2 Exhaustiveness of Coverage

For both the EIC and WBS, all ship equipments are covered within the frame-
work of the coding structure (with the exception of boats, which are not currently
covered by the WBS).

The principal dissimilarity in the two systems is that, in some cases, equip-
ment items are grouped in a different manner. This is illustrated by Figure 1, which
shows the interrelationships between the two coding systems at their first level of

breakout. As examples:

a. The EIC defines six types of propulsion system, whereas the WBS

defines propulsion, whatever type, as a single system.

b. The WBS groups all electronic equipment under the single category
"Command and Surveillance', while the EIC establishes separate
categories for each major Command and Surveillance system
(such as Navigation, Interior Communications, Countermeasures,

and others).

c. Inthe WBS, Fire Control Systems are included with the Command

e s wemes SeWNE O WENE O BN R AR A e s e

and Surveillance System, while in EIC they are included with the

Ordnance System.

) Similar differences prevail at the second and third levels of breakout; however,
at each of these levels the coverage of a ship configuration is equally complete under
both systems in that essentially all ship equipments can be categorized within the

framework of the codes. Both systems can also be expanded to include new systems

2.3.3 Discreteness of Coverage

‘ and equipments.

Both the EIC and WBS are based on a logical breakout in which each item at a
f given level is a distinct entity, separate and non-overlapping with other items at the
same level. Hence, both systems are intended as nonredundant indexes of ship con-

figurations. It should be noted, however, that in either coding method it is

(9]




extremely difficult to avoid redundancy since certain shiphoard equipments or

furnishings might be categorized under different codes by different users.

The problems associated with variability in interpretation when assigning codes
are essentially the same for both the WBS and the EIC. Application of either coding

system requires that equipment groups be defined in terms of their limits and extents.

2.3.4 Degree of Breakout

The EIC provides a breakout of ship configuration into approximately 10, 000
equipment items or groups at the third level of indenture (see Figure 2). By com-
parison, the third level of WBS breakout includes approximately 260 equipment
categories. The difference is primarily due to the fact that under the WBS logic,
breakout is essentially on the basis of function; while in the EIC system, breakout is
on the basis of function, type, and model of equipment (particularly in the areas of
electronics and ordnance). Further, the WBS coding scheme, which is limited to the
ten numeric digits, acts as a constraint on the degree of breakout possible for the
more complex ship systems. The alphanumeric EIC coding scheme is less constrain-
ing then the WBS because the EIC has more digits available, and in addition allocates

a four-digit number at the third level of breakout versus the three-digit number of WBS.

2.3.5 Universality of Equipment Categories

"Universality" is defined for present purposes as meaning the degree to which
the equipment categories established by the two coding systems are applicable to all
ships of the Fleet. 'Degree of universality' therefore connotes the amount of
tailoring necessary in applying an indexing system to a given ship. On the basis of
the above definition, a "totally universal' coding structure is one wherein all

categories apply to all ships.

The WBS system, being essentially a functional type breakout, is a more
universal type of coding system than is the EIC. For example, at the first level of
WBS breakout the seven ship systems apply to all ships. Conversely, of the 28 major
systems identified at the first level of breakout under the EIC, between half and three

quarters may apply to any given ship.

Similar reasoning applies at the second and third levels of EIC and WBS break-
out. For example, using the AO-143 class of ship as a frame of reference, about
three-quarters of the Level 2 items of the WBS apply, while about one-third of the
Level 2 items of the EIC apply.




WORK BREAKDOWN STRUCTURE

100 | 200 | 300 | 400 500 { 600 { 700

V
EQUIPMENT IDENTIFICATION CODE ~§

1000
3000
4000
5000
7000
8000
9000
A000
B000
C000
D000
E000
F000
G000
HO000
J000
K000
L000
M000
N00O
P000
Q000
R000
T000
Wo000

Y000

ADMIN., HAB., OUTFIT, & FURN. X
ELECTRICAL POWER GENERA TION X

ELECTRICAL POWER DISTRIBUTION X

»

SURFACE MISSILE SYSTEMS X
AVIATION SHIP INSTA LLATION X
SPECIALIZED ORDNANCE EQUIP,
EXPENDABLE ORDNANCE X
HULL STRUCTURE X
PROP, MN DIES, MECH. DRIVE

PROP, MN DIES, ELEC. DRIVE

PROP, MN-GAS TURB., MECH. DRIVE

PROP, MN-GAS TURB., ELEC. DRIVE

XX X X X

PROP, MN-ST, MECH. DRIVE
GUN SYSTEMS X X
X

NAVAL INTEL. PROC. SYSTEMS

b
o

ASW SYSTEMS/UW. SYSTEMS

PROP, MN-ST, ELEC. DRIVE X

<

NAVIGATION SYSTEMS

INTERIOR COMMUNICATION SYSTE MS
COUNTERMEASURE SYSTEMS

RADAR AND IFF SYSTEMS

COMMUNICATION AND DATA SYSTEMS

XX X X X

SONAR SYSTEMS
AUXILIARY SYSTEMS X

ELECTRONIC TEST EQUIPMENT X

BOATS, STOWAGE AND HANDLING 1

Figure 1. Interrelationship of E1C and WBS at First Level of Breakout
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3
COMMON LANGUAGE CONSIDERATIONS

3.1 STRUCTURE AND CODING

A configuration accounting system has two attributes that define the components
within the system — its structure and its coding scheme. The structure defines the
groupings and divisions of the various categories of systems, subsystems, and equip-
ment that collectively make up a ship. The basic groundrules and logic used in
developing this structure determines the usefulness of the accounting system. Both
the EIC and WBS have a top-down breakout type of structure, characterized by an
increasingly detailed breakdown of equipment. This approach is illustrated in Fig-
ure 3. Note from this figure that the ship can be completely described at any level, by
selecting all applicable systems or equipment; and that each level of breakout can be

described as the sum of all applicable equipment directly below it.

The coding applied to the various groupings provides a means of identifying
specific systems or equipment. This permits efficient automatic data processing and
provides a means of recognizing the higher groupings to which an individual equip-

ment belongs.

Two approaches can be taken in structuring and coding a system:

a. Define the coding scheme and assign all equipment into groupings as
defined by the coding logic. The WBS and, to a lesser extent, the
EIC use this approach. This method has the disadvantage of requiring
some equipments and/or systems to be force-fitted into categories

only because no other code is available.

b. Define the structure and then develop a code that permits automatic
data processing. This results in a more complex coding system, but
does allow more flexibility in grouping similar items and assures
that items of equal complexity are grouped on the same level of the

breakout.

Some of the problems associated with both WBS and EIC as a common language

trace back to the coding scheme for defihing the structure. The anticipated use of




EIC for maintenance accounting and the WBS for ship construction placed limitations

on both that prevent them from being useful as a generally applicable language.

3.2 COMBINED EIC/WBS

If it is presumed that equipment groupings of the EIC provide the information
that the maintenance manager needs, and that those of the WBS provide the information
that the new construction/conversion manager needs, then one approach to a common-
language system is to investigate a merger or a combination of the two. The needs of
not only the manager but also the analyst must be considered in the structuring of a
merged system. If a single structure can be developed that meets all user require-
ments, then an arbitrary coding system can be assigned to the groupings to permit

machine processing of the data.

Toward this end, let us first consider the EIC at the system level. There we
find 28 systems, as shown in Figure 4. In studying these systems, we find that many
of them are generally the same. For example, six different codes are used to define
the propulsion systems available, and five codes are used to define the weapons suite
aboard the ship. Figure 5 shows the same 28 systems rearranged and grouped into
like systems. There are now seven major groupings, similar to the seven major
equipment groupings of the WBS. This suggests a method for combining the two con-

figuration accounting methods to provide a single system of general usefulness.

3.3 TECHNIQUE

To retain maximum usefulness of past data collection efforts while providing
the ability to collect/analyze/group data in a manner useful to all, it would be
desirable to generally maintain the present internal structure and definition of sub-
systems and of elements within these subsystems. The first step toward that end is to
analyze the EIC and WBS to determine differences and similarities in their structures.
As discussed previously, the first-level EIC and WBS systems can be grouped as shown
in Figure 5. This similarity suggests a merged system having a first level similar to
that of WBS and the second level similar to that of EIC, as illustrated in Figure 6.
Note here that for ordnance and electronics the subsystem ''building blocks' are moved
down one level. This is further illustrated in Figure 7, which shows the ordnance
system broken down to the first three levels. The present degree of detail provided
by the EIC could be retained by adding a fourth level.

10
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One concept of a configuration accounting system is to retain like groupings —
those equipment groupings of comparable complexity and importance — at the same
level. This approach facilitates handling of data. Examples of second- and
third-level groupings are presented in Figure 8. It will be noted that with this concept,

groupings on the same level are more consistent than they are in the EIC.

This quick look at similarities shows that, at least on the upper level, enough
commonality exists to permit a single language. However the combined system, as
exemplified in Figures 6, 7, and 8, is still heavily oriented toward the EIC. Further
investigation is necessary to determine if the second- and third-level breakdowns are

suitable for WBS users.

11
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EIC — 28 SYSTEMS

ADMINISTRATION, HABITABILITY, OUTFIT/FURNISHINGS
ELECTRIC POWER GENERATION SYSTEMS

ELECTRIC POWER DISTRIBUTION SYSTEMS

SURFACE MISSILE SYSTEMS

AVIATION SHIP INSTALLATION

SPECIALIZED ORDNANCE EQUIPMENT

EXPENDABLE ORDNANCE

HULL STRUCTURE

PROPULSION SYSTEM, MAIN DIESEL, MECHANICAL DRIVE
PROPULSION SYSTEM, MAIN DIESEL, ELECTRIC DRIVE
PROPULSION SYSTEM, MAIN-GAS TURBINE, MECHANICAL DRIVE
PROPULSION SYSTEM, MAIN-GAS TURBINE, ELECTRICAL DRIVE
PROPULSION SYSTEM, MAIN-STEAM, MECHANICAL DRIVE

GUN SYSTEMS

NAVAL INTELLIGENCE PROCESSING SYSTEMS (NIPS)

ASW SYSTEMS/UW SYSTEMS

PROPULSION SYSTEM, MAIN-STEAM, ELECTRIC DRIVE
NAVIGATION SYSTEMS (ELECTRONIC AND NON-ELECTRONIC)
INTERIOR COMMUNICATION SYSTEMS

COUNTERMEASURE SYSTEMS (ELECTRONIC/NON-E LEC TRONIC)
RADAR AND IFF SYSTEMS

COMMUNICATIONS AND DATA SYSTEMS

SONAR SYSTEMS

AUXILIARY SYSTEMS

SUPPORT SERVICES, MAINTENANCE

ELECTRONIC TEST EQUIPMENT

BOATS, BOAT STOWAGE AND HANDLINC
SPECIAL/MISCELLANEOUS/UNCODED ITEMS

1
!
!
i
i
i
I
I
t
i
l
l
l
!
l
l

s

Figure 4. First-Level Breakout of EIC Systems
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E000

F000

K000
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Figure 5. Rearrangement of EIC First-Level Systems into Common Groupings

EIC MERGED INTO 7 WBS-LIKE SYSTEMS

ADMINISTRATION, HABITABILITY, OUTFIT/
FURNISHINGS

BOATS, BOAT STOWAGE AND HANDLING
ELECTRIC POWER GENERATION SYSTEMS
ELECTRIC POWER DISTRIBUTION SYSTEMS
SURFACE MISSILE SYSTEMS

SPECIALIZED ORDNANCE EQUIPMENT
EXPENDABLE ORDNANCE

GUN SYSTEMS

ASW SYSTEMS/UW SYSTEMS

HULL STRUCTURE

PROPULSION SYSTEM, MAIN DIESEL,
MECHANICAL DRIVE

PROPULSION SYSTEM, MAIN DIESEL,
ELECTRICAL DRIVE

PROPULSION SYSTEM, MAIN-GAS TURBINE,
MECHANICAL DRIVE

PROPULSION SYSTEM, MAIN-GAS TURBINE,
ELECTRICAL DRIVE

PROPULSION SYSTEM, MAIN-STEAM,
MECHANICAL DRIVE

PROPULSION SYSTEM, MAIN-STEAM,
ELECTRICAL DRIVE

NAVAL INTELLIGENCE PROCESSING
SYSTEMS (NIPS)

NAVIGATION SYSTEMS (ELECTRONIC AND
NON-ELECTRONIC)

INTERIOR COMMUNICATION SYSTEMS

COUNTERMEASURE SYSTEMS E I;EC'TRONIC /
NON-ELECTRONIC

RADAR AND IFF SYSTEMS
COMMUNICATIONS AND DATA SYSTEMS
SONAR SYSTEMS

ELECTRONIC TEST EQUIPMENT

AUXILIARY SYSTEMS

AVIATION SHIP INSTALLATION
SPECIAL/MISCELLANEOUS/UNCODED ITEMS
SUPPORT SERVICES, .MAINTENANCE

14

ADMIN/HAB/OUTFIT

ELECTRIC POWER
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HULL STRUCTURE
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