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ABSTRACT

N

ARINC Research Corporation developed a technique for performing
Maintenance Engineering Analyses (MEA) on units of the LO-MIX class of
ships. Less costly and time-consuming than the procedures of Military
Standard MIL-M-24365A, it permits rapid identification of maintenance
engineering requirements.

~*This report presents the conditicns and events that created the need
for the new technique, identifies the initial requirements and assumptions
made prior to development of the technique, and outlines the various MEA
methods considered in selecting the basic approach. It also provides
details of applying the technique and describes a feasibility demonstra-
tion of the technique conducted as part of the contract.
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SUMMARY

A technique was developed for performing a Maintenance Engineering
Analysis (MEA) of HM&E, ordnance, and zlectronic equipments on the LO-MIX
class of ships in a manner that is less time-ccnsuming and less costly
than analyses performed in accordance with Military Standard MIL-M-24365A
(General Specification for Maintenance Engineering Analysis). This LO-MIX
MEA technique (LMMEA) helps the user compare the known technical character-
istics of a particular unit with better known technical characteristics of
similar units to identify the maintenance engineering requirements of the
unit under consideration.

The technique is versatile because it is applicable tc equipmunts
for which there are no historical maintenance data as well as to those
for which data are available. The technique can also be applied to
equipments regardless of whether or not they have been subjected to
maintenance engineering analysis conforming to MIL-M-24365A. Analyses
performed by means of the technique are compatible with the input require-
ments of the Trident Integrated Logistic Support System.

This effort concentrated on developing the technique and demonstrating
its validity by applying it to several equipments. The technique provided
results quickly when applied to equipments for which historical data were
available as well as to equipments for which no such data were available.
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CHAPTER ONE

INTRCDUCTION

This repert, prepared under Navy Contract N00C123-73-C-1698, describes
a method of performing Maintenance Engineerinag Analyses (MEE) on units
(systems/subsystems/equipments/components) to ke installed in the LO-MI¥
class of ships. This technique is less time-consuming and less ccstly
than conforming to Military Standard MIL-M-24365A, and it enables mainte-
nance engineers to identify maintenance engineering requirements quickly
and with adequate accuracy. The maintenance support requirements identi-
fied for individual units can be used for planning Fleet logistics
support.

The effort involved (1) identifying maintenance engineering recuire-
ments that are needed as inputs to an Integrated Loaistic Support (ILS)
Computer Program; (2) determining the applicability cf various mainte-
nance engineering analysis techniques to shipkoard hull, mechanical,
electrical (HM&E), electronic, and ordnance systems for LO-MIX ships;
(3) selecting an approach; and (4) developing the technique andé demon-
strating its feasibility. This demonstration ccnsisted of applying the
technique to shipboard units, identifying the maintenance engineering
requirements, describing how the data could be obtained, and showing
that the technique provides the data inputs recuired for the Trident
Logistic Data System.

Chapter Two presents background information on the cevelopment of
the LO-MIX Maintenance Engineering Analysis Technique. Chapter Three
identifies and describes the initial requirements and assumptions made
prior to the technique deveiopment. Chapter Four presents various MEA
methods identified and considered in selectina the bacic approach.
Chapters Five and Six are discussions, respectively, of the basic apprcach
of the LMMEA Technique and the demonstration of the technique. Chapter
Seven presents conclusions and recommendations. The appendixes present
methods of recording data (A and B) and data accumulated during demon-
stration of the LMMEA technique (C, D, and E).
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CHAPTER TWO

BACKGROUND

The Tricent Integrated Logistic Support System has keen designated
as the Logistics Data System (LDS) to be used to identify the tctal
Logistics Support Package for the LO-MIX class of ships. The primary
input to the LDS is the Maintenance Engineerinag Analysis, which identi-
fies the support and maintenance engineering requirements for individual
systems, equipments, and components. Recause of time and cost constraints,
standard MEAs cannot be performed for LO-MIX ships in accordance with
MIL-M-24365A. However, support requirements for LO-MIX ships must be
identified.

The Standard MEA is normally performed within the context of a
predetermined maintenance philosophy (e.g., piece-part repair, discard
on failure, etc.). In the case of LO-MIX ships, the MEA must be performed
in the context of the LO-MIX modular-maintenance philosophy.

Historically, MEAs have relied heavily on the results of physical
testing of a component or on extensive historical maintenance data on
the component. For components in the LO-MIX class of ships, maintenance
engineering requirements must ke identified in many cases without the
benefit of physical testing or historical data.

The technique developed is capable of identifying maintenance
engineering requirements with or without the benefit of historical main-
tenance data or data derived from physical testing. The technique depends
on comparisons of component similarities and on the use of an analysis
sheet to identify maintenance engineering requirements for a particular
unit. Components are grouped by kind or type, and similarity association
is used to analyze the maximum number of units in the shortest time.
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CHAPTER THPEE

SELECTION OF BASIC APPROACH

3.1 REQUIREMENTS

Because of the tight schedule for introducing the LO-MIX ships into
the operational Fleet, the first requirement of the LMMEZ technique was
tc compress the schedule for MEA development. A goal was established
to design a technique that would allow the performance of an MEA in
three months or less for any unit considered. The much shorter time
required to perform the LMMEA assures that it will cost substantially
less than analyses performed in accordance with MIL-M-243€5A.

The identification of a complete Logistics Support Package for the
LO-MIX class of ships will reauire the use of a computer procram for
data handling. The Trident LDS program has been selected for handling
the LMMEA outputs. Consequently, the data resultirg from the performance
of an LMMEA must be compatible with the Trident or similar LDS program.

A single concession has been made: cost and time savings will result in
a loss of accuracy. A major objective of this effort was to minimize
the accuracy loss.

3.2 ASSUMPTIONS

It was assumed that similar equipment types have similar maintenance
engineering requirements. That assumption was made following an analysis
of BEM&E and ordnance equipment designs. A typical example of similar
equipments having similar maintenance engineering requirements is provided
by two pumps: a Worthington Main Feed Pump and a Warren Auxiliary Condenser
Condensate Pump. Both pumps are volute type with sectioned casings.
Inspection, acceptance, and repair methods and criteria are the same for
the casing, impeller, wear rings, shaft, and other items on both pumps.
The primary maintenance engineering reguirements for the two pumps are
similar. For example, both pumps require wear-ring replacement. Once
the maintenance support requirements for replacing the wear rings in the
feed pump are identified, those same requirements can be used for the
wear rings in the auxiliary condenser condensate pump. This concept of
similarities is a major factor in the LMMEA technique.




The LMMEA technique will be applied to many units (systems, subsystems,
equipments, components) in the LO-MIX Fleet. Since the units are numerous
(2500 units initially nominated by NAVSEA), many will have technical
similarities to other LO-MIX units. These similar units are assumed to
have similar maintenance engineering requirements.

Where possible, new ship design employs units that are already in
use in the Fleet. A restatement of this approach is that there will be
technical similarities between some LO-MIX units and units in use in the
operating Fleet. These similar units will have similar maintenance
engineering requirements. The maintenance engineering requirements will
differ, however, because the currently operating units have piece-part
support and the LO-MIX units will be supported by a modular-maintenance
philosophy. Level of repair will be the primary support element affected
by this difference.

The foregoing assumptions are summarized in Table 3-1.

Table 3-1. ASSUMPTIONS

1. Similar equipment types have similar engineering requirements.

2. Some LO-MIX units will be technically similar to other LO-MIX
units.

3. Some LO-MIX units will be technically similar to units already
operating in the Fleet.




CHAPTER FOUR

IDENTIFICATION OF EXISTING APPROACHES

At the begirning of the project, mainterance engineering requirements
of existing approaches were identified and examined. The objectives were
to identify recent develcpments in maintenance engineering analysis, tc
find an approach that w~onld be directly applicable to the LO-MI¥ technigque
requirements, and to establish a basis for selecting a valid approach to
developing a LO-MIX Maintenance Engineering Analysis Technique.

Several existing approaches were examined. Of them, one approach
was partially used in the technique developed. Most approaches required
maintenance data that are not readily available. The follcwing sections
describe the rationale for complete or partial rejection of the other
approaches idertified.

4.1 STANDARD MAINTENANCE ENGINEERING ANALYSIS APPRCACH

The approach of the standard MEA, outlined in MIL-M-243€52, is the
one most widely used in determining maintenance ergineerinc reguirements
for BM&E and ordnance eaquipments. The approach depends heavily uron
rhysical testing of the comrponent being analyzed, normally a lengthy and
costly process. For this reason, the approach was not considered further
in this study.

4.2 FAULT TREE ANALYSIS

Fault Tree Analysis is an intricate and time-consuming analysis cf
a unit. The use of Fault Tree Analysis requires considerakle training,
and the results are many times dependent upon physical testing cf the
units being examined. For these reasons, the approach was not considered
further in this study.

4.3 MATERIAL FAILURE PREDICTION
Material Failure Prediction is a technique used by the Department

of the Air Force for measuring the probability that an aircraft and
crew will be exposed to a hazardous condition. A portion of the nodel




for this prediction is derived from maintenance data of the type that will
not always be available to the user of the LMMEA technique. For this
reason, the Material Failure Prediction Technique was not considered
further in this study.

4.4 TRIDENT CRITICAL EVALUATION TECHNIQUE

The Critical Evaluation (CE) technique is a method of analyzing units
to determine minimum essential maintenance requirements. The technique
is a guide to using available engineering data logically and does not
require the physical testing of the unit. The tool used is a Critical
Evaluation Sheet (see Appendix A) for standardizing and recording engi-
neering maintenance information as it is identified. This technique
makes use of existing data on the unit being examined and on similar
units. It combines existing data with the engineering judgment of the
user and the instructions on the Critical Evaluation Sheet to identify
minimum essential maintenance requirements. After careful consideration
of the characteristics of all the techniques identified, an LMMEA tech-
nique was developed that employs engineering judgment in much the same
way as the CE technique and., after type grouping, combines CE with
technical engineering comparisons of similar units. The approach is
discussed in detail in Chapter Five.




CHAPTER FIVE

BASIC APPROACH

5.1 DEFINITION

The LO-MIX Maintenance Engineering Analysis Technique is a method
of identifying the maintenance support requirements of an individual
unit (system, subsystem, equipment, component) by identifyirg previoucsly
determined recuirements of that unit and then determining unknown values
by using engineering judgment and comparing the unit with similar units
for which previously determined data are available.

The objective of the technique is to develop inputs to a system
(Trident LDS or other) which, wher. the inputs are operated on by the
system, will produce a logistics support package for LO-MIX shigs.
Accomplishing this objective requires an input worksheet containing all
data elements necessary to describe logistic requirements and parameters
for individual units.

5.2 TRIDENT LDS SYSTEM

The results of the LMMEA will ke inputs to the Trident LCS System
or a similar system; therefore, an understanding of the Tricdent LDS
System MEA data input reguirements is necessary.

Inputs to the Trident LDS System are made on worksheets which, when
completed, contain all the maintenance engineering requirements needed
to identify a Trident Fleet Logistics Support Package. The worksheets
are coded for direct entry into the Trident LDS Program. There are
separate sets of worksheets designed to ke executed ir increments coin-
ciding with the physical testing of the considered units. The worksheets
contain repetitive unit-identification information, which permits later
correlation. The worksheets currently provide for information not
applicable to the LO-MIX Fleet (e.g., Sub-Safe requirements).

5.3 DEVELOPMENT OF THE LO-MIX MEA TECHNIQUE
To develop the LMMEA technique, it was necessary to identify the

elements that are most time-consuming and costly in existing methods.
These elements were then evaluated for their criticality to the reguire-
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ments of the new technique. The most time-consuming and costly elements
identified were the physical testing of the unit being analyzed and the
engineering time required to analyze one equipment. The new LMMEA
technique eliminates physical testing of the unit and substitutes previous
experience on similar equipments coupled with engineering judgment. The
technique can be applied by one engineer per unit.

531 Approach

Any new technique had to include the data required for input to the
Trident LDS Program. A pre-printed format was developed (see Appendix B)
for listing the data items applicable to the LO-MIX ship unit for use in
preparing LMMEAs. The format has the advantage of facilitating code-block
design to allow data entry directly to the Trident LDS Program. The code
blocks can thus be correlated to the numeric identification used by the
Trident program in the same manner in which the Trident Worksheets are
coded.

Analysis showed that all examined methods except the Trident Critical
Evaluation technique relied heavily upon the results of physical testing,
which is the most time-consuming and costly element of the methods investi-
gated. The LMMEA technique would be less time-consuming and less costly
if physical testing could be eliminated. It was determined that an analysis
method could be developed that would use existing data for the unit and
similar units, and would be guided by an LMMEA Analysis Sheet similar in
design to the CE Analysis Sheet. The technique demonstration proved this
method to be viable. The engineer applying the technique searches existing
maintenance engineering data (such as technical manuals, TRSs, etc.) and
uses his judgment to determine requirements for the unit he is considering.
The LMMEA Analysis Sheet, like the CE Analysis Sheet, guides the engineer
by posing questions in a logical sequence and naming standard sources
where the raw data might be found. The format utilizes code blocks for
entering data that would require keypunching for the Trident LDS. It
also provides identification of possible sources of data to assist the
engineer in determining where maintenance requirements may already have
been identified.

5.3.2 Data Availability

For a given unit, two basic types of maintenance data can be available:
data that result from the accomplishment of a standard MEA, and the historical
maintenance data collected during operation of the unit. Neither type is
necessarily available. The matrix of Figure 5-1 shows this relationship.

Historical Data Historical Data

Available Not Available
MEA Available Case I Case II
MEA Not Available Case III Case 1V

Figure 5-1. MEA/HISTORICAL DATA MATRIX
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In Cases I and II, in which standard MEA data are available, these data can

be used as the sole basis upon which the engineer judges the maintenance
engineering requirements in the LO-MIX modular-replacement philosophy.

In Case III, in which there are historical data and other data such as

technical manuals, TRSs, and APL Lists, the LMMEA Analysis Sheet becomes
more effective. The analysis sheet guides the preparer in his search for

information and assists him in judgina the maintenance engineering recuire-

ments on the basis of the existing data.

Case 1V, for which there is neither a standard MEA nor historical
data, is a distinct possibility. This is the situaticn with the Oto
Melara Mk 75 Mod O Gun Mount, to be used in both the PF and PHM Ship
Classes. In this situation the judgment and analytical capability of
the engineer become the crucial factors. However, there are drawings,
component lists, and other descriptive data available for the Mk 75 Mount.
Subassemblies and components such as motors, gear trains, and hvdraulic
units can be identified from the drawings. Then the component mainternance
engineering requirements can be evaluated by using engineering judament
and comparing the components with similar items for which data are
available.

To maximize the MEA development, the LMMEA technique exploits the
idea of similar maintenance engineering requirements for similar units
by arouping all equipments on which an LMMEA is to be performed accord-
ing to equipment type. Equipment type does not mean simply "pump" or
"motor" but rather "volute pump", "rotating field motor", etc. For each
group of equipments, one lead component is selected which would have the
greatest maintenance engineering regquirements hecause of its size and
complexity. If the unit selected as lead comrpconent is in the Case IV
category, it is handled separately. The next most complex component is
then selected as lead component. All other components within a croup
are considered follow-on components.

5.3.3 LMMEA Classes

Once an equipment type is arouped and the lead ccmpcnent selected,
the LMMEA technique can be applied with the greatest efficiency. Three
classes of this technique are employed to achieve the LMMFA objective.
These three classes are related to the four cases of date availability
(Figure 5-1) and component groupings as shown in Table 5-1.

The Class I LMMEZ is reserved for those units undergoing test and
development. It is an in-depth analysis of units for which neither a
standard MEA nor historical maintenance data are available. The engineer
proceeds by collecting all available information in the form of drawings,
design specifications, design criteria, and similar sources. This
information is analyzed to determine what operating equipments the unit
resembles. The operating equipments similar to the unit are analyzed to
determine the unit's maintenance engineering requirements. These require-
ments are entered on the LMMEA Analysis Sheet. The Class I LMMEA is con-
sidered a unique class because of the tire required for raw-data identifi-

pi |




Table 5-1. RELATIONSHIP OF DATA-AVAILABILITY CASES AND {
LMMEA CLASSES j

LMMEA Classes by Equipment Groups i
D
; at§ < Kindai Lead Follow-On :
Availability Development

: Component Components

and Testing ]
Case I N/A Class II Class III
Case II N/A Class II Class III
Case III N/A Class II Class III
Case 1V Class I N/A Class III

cation and collection. However, a Class I LMMEA can usually be completed
in less than three months.

The Class II LMMEA identifies the maintenance engineering require-
ments of a lead unit for an equipment group through an in-depth analysis
of existing data on the unit. The engineer assembles all identifiable
data on the unit, using the LMMEA Analysis Sheet as a guide. If the
unit is in the Case I or Case II category of data availability, little
more than the standard MEA will be necessary. For units that are in the
Case I or Case II category, a Class II LMMEA can be produced in less
than two weeks. If the unit is in the Case III category, documents
such as technical manuals, drawings, TRSs, APLs, Maintenance History
Analyses, MIL-Standards, and others will be required. The LMMEA Analysis
Sheet is used as a guide in researching and analyzing the documentation
collected, and the data are entered on the LMMEA Analysis Sheet. For
units in the Case III category, a Class II LMMEA can be produced in less ]
than three weeks. !

[ SO— et e | N—— [ ———

Mgt

The Class III LMMEA is a method of identifying the maintenance

engineering requirements of a follow-on unit of an equipment group. The !
engineer analyzes the requirements identified for the lead unit of that ;
equipment group and relates those requirements to the unit of interest.

The documentation required is a description of the unit under consideration I
and the completed LMMEA for the lead unit of the equipment group to which }
the unit under consideration belongs. A Class III LMMEA can be produced

in less than three days. )

12




CHAPTER SIX

DEMONSTRATION OF TECHNIQUE

A test application of the LMMEA technique was conducted to demon-
strate the Class I, II,and III LMMEA concept. (The test did not require
that an entire LMMEA be produced for any equipment.) Data items to be
identified were selected for each class of LMMFA. If the maintenance
engineering requirements for each selected data item could be identified
efficiently, the technique was considered valid.

6.1 SELECTION CRITERIA

The following criteria were established for selecting equipments to
be used in the demonstration:

* Equipment types should have a high probability of being found on
the LO-MIX class of ships.

* Equipments should be amenable to the application of Class I, II,
and III LMMEAs.

* Technical data other than standard MEAs should be available for
the equipments.

* There should be equipments similar to those selected for which
historical data are available.

6.2 EQUIPMENT SELECTION

Various hull, mechanical, electrical, and ordnance ecuipments were
considered for use in the technique demonstration. Each equipment was
evaluated according to the selection criteria described above. Three
volute pumps of various designs were selected and treated as an equipment
group:

* A main feed pump manufactured by Worthington Corporation

* An auxiliary condenser condensate pump manufactured by Warren
Pumps, Incorporated

* A fresh-water tank drain pump manufactured by Weil Pump Company

S




These three pumps were selected because they were volute-type pumps
but varied in size and complexity. This combination of characteristics
permitted us to consider the three pumps to be a small equipment group.

The Worthington Main Feed Pump was selected as the lead component of the
equipment group. Any standard MEA data on the Feed Pump were ignored, so
that essentially the lead component represented a Case III (Figure 5~1)
situation. The lead component was subjected to a Class II LMMEA to identi-
fy the maintenance engineering requirements for the Main Feed Pump.

Once the Class II LMMEA was completed for the lead component of the
equipment group, the two remaining pumps (the condensate pump and the
drain pump) were subjected to Class III LMMEAs. The results of the test
applications are discussed in the remaining sections of this chapter.

An opportunity for a test application of the Class I LMMEA arose
during the project. We were requested to identify (as an activity
separate from that reported herein) ordnance components that could be
identified as rotatable-pool items to be installed in the PHM and PF
classes of ships. 1Included in the systems investigated was the Oto
Melara Mk 75 Mod O 76mm/62 Caliber Gun Mount. The LMMEA technique had
been developed to a sufficient degree to permit its application. The
Gun Mount was in its preliminary phases of testing and therefore lacked
both standard MEA data and historical maintenance data. This situation
placed the gun mount in the Case IV (Figure 5-1) data-availability
category. Because of this, a partial Class I LMMEA was performed -- first,
to develop the required data and, second, to prove the validity of the
Class I LMMEA technique.

6.3 CLASS I LMMEA

The Mk 75 Mod 0 Gun Mount was subjected to a Class I LMMEA for the
reasons discussed in Section 6.2. It was decided that if rotatable-pool
components and certain maintenance requirements for those components
could be identified for the gun mount efficiently, then the Class I LMMEA
would be considered valid.

As a result of the Class I LMMEA application, 56 rotatable-pool
components in the Mk 75 Gun System were identified by analyzing technical
manuals, drawings, and descriptive data. Each component was analyzed
by comparing it with items which had similar technical characteristics
and for which maintenance history was available. Where no similar equip-
ment was readily available, the component was analyzed by comparing its
characteristics with available total system data. For each component,
the maintenance engineering requirement for each of the following LDS
input-data items was identified:

* Component population per ship for PHM and PF classes

* Mean time between failures (MTBF)
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* Mean time to repair (MTTR)

* Procurement lead time (PLT)

* Purchase cost

The results of the analysis were recorded on sheets designed by ARINC
Research Corporation. These record sheets are reproduced in Appendix C
of this report.

The Class I LMMEA technique was considered successful and valid
because the partial Class I LMMEA was completed in five working days. On
this basis, it is estimated that a complete Class I LMMEA could have keen
completed within the three-month time limit. The input data were derived
without physical testing, and each specified maintenance engineering
requirement was identified for every component.

6.4 CLASS II LMMEA

The Class II LMMEA was demonstrated by applying the Class II LMMEA
technique to the lead component of the sample equipment group -- the
Worthington Main Feed Pump (Case III) -- and a partial LMMEA was
performed. This analysis included identifying the engineering mainte-
nance requirements and a portion of the corrective maintenance require-
ments. The demonstration was terminated after the first corrective
maintenance action requirements had been identified because the purpose
of the test was to determine the validity of the technigue, not to
produce a complete MEA.

Appendix D presents the identified data on Technique Development
Worksheets designed for this project. The worksheets are of two types.
The first, with vertical columns, lists the data items to be identified
in the left-hand column. The second type, with horizontal rows, lists
the data items to be identified in the top row. The data items were
recorded on the worksheets after the data items on the Standard MEA
worksheets were merged with those on the Trident LDS worksheets. Dupli-
cate data items were eliminated, as were references to data items not
essential to LO-MIX units (e.g., Sub-Safe). The data were recorded in
the center column of the first type of sheet as they were identified.
The identified data correspond to the data items in the first column.
The data sources or the methods of data determination were recorded in
the third column of the first type of sheet. The second type of sheet
contains the data source in the second row and the actual data in all
but the top two rows.

The data provided by the Class II LMMEA follow a predetermined
trend. The first section of data provides basic identification. The
second section identifies the modes of failure that can occur in the
unit. The data in Section III identify failure symptoms for each failure
mode and the effects of each failure mode. The data in Section IV pro-
vide an analysis of the corrective maintenance actions and the preventive
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maintenance actions for the uni* »f interest. The data in Section V (on
the second type of sheet) proviac an analysis of each preventive and
corrective maintenance task identified in Section IV (on the first type
of sheet). This analysi- includes tn. casks required to accomplish each
maintenance action.

The data items listed in column ] that were applicable to LMMEA
logistics support were taken from a standard MEA worksheet and Trident
ILS worksheets. The only data items eliminated from the Trident LDS
worksheets were those peculiar to the Trident Submarine Programs, such
as Sub-Safe Program requirements. The LMMEA logistics support analysis
was considered complete because a maintenance engineering requirement
was identified for each data item. Certain assignable information, such
as the Functional Group Code assigned by the Design Support Contractor
in the Trident LDS, was omitted because it had not yet been assigned.

The Class II LMMEA technique was considered successful because it
was partially completed in seven man-days. From these results, it is
estimated that a complete Class II LMMEA could be completed in less than
the goal of three weeks. The Class II LMMEA was performed without
physical testing.

6.5 CLASS III LMMEA

Two Class III LMMEAs were performed by applying the Class III LMMEA
technique to the Weil Fresh Water Tank Drain Pump and the Warren Auxiliary
Condenser Condensate Pump. The Worthington Main Feed Pump was used as the
lead component. The results of the two Class III LMMEAs were recorded on
the Technique Development Worksheets in the same manner as for the Class II
LMMEA, with one exception: on the first type of sheet the right-hand
column was not filled in, because the data were identified by comparing
the Class III unit of interest with the results of the completed Class II
LMMEA. On the second worksheet, the second row of preprinted data sources
was not utilized, because the data source was the analysis of the completed
Class II LMMEA. The results of the two Class III LMMEAs are presented in
Appendix E of this report.

The Class III LMMEA technique is considered valid because the results
presented in Appendix E were achieved in eight hours for each of the two
Class III LMMEAs. Although incomplete, the results obtained during the
demonstrations indicate that the Class III LMMEA can be completed in less
than three days. The use of the technique did not require physical test-
ing, and a maintenance engineering requirement was identified for each
data item.

16
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CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

A LMMEA technique was developed for identifying Maintenance Engineer-
ing Requirements of units to be installed in the LO-MIX class of ships
without performing a standard MEA. Demonstration has established that the
technique is feasible and that the LMMEA can be applied effectively to
different equipment types.

Three classes of LMMEAs are employed: Class I, Unit under Development
and Testing; Class II, Lead Component; and Class III, follow-on Unit. The
technique is applied by filling out an LMMEA Data Analysis Sheet for the
appropriate LMMEA class. One LMMEA form can be designed to serve all
three classes.

The estimated time to complete an LMMEA for each class is as follows:

Class I - Less than three man-months
Class II - Less than three man-weeks

Class III - Less than three man-days
It is estimated that 15 sheets, similar in design to those included
in Appendix D, but continuing the investigative questioning and data
recording, will be required for each ILMMEA.

7.2 RECOMMENDATIONS

7.2.1 Equipment Identification and Type Grouping

The LMMEA technique is designed to accommodate a large group of units
expeditiously. 1In fact, the larger the number of units, the greater the
economy per unit. As more units are considered, the number of Class III
LMMEAs increases. Therefore, it is recommended that the equipments
requiring LMMEAs be identified early in the LMMEA program and grouped by
equipment type.
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i 7.2.2 LMMEA Data Form

| It is recommended that complete LMMEA data forms be developed as
soon as possible.
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" daad e e

First Type of Sheet

Maintenance
Engineering
Data Item Requirement How Determined
SECTION I
Item Name Pump, Main Feed Tech Manual, TRS
MANUFACTURER WORTHINGTON Tech Manual, TRS, APL, FSCM,

Part Number

FSN

Type

Series

Model

Designator

Suffix

FGC

WBS No.

DWG. No.
MFGR' s
Navy

TRS#

EIC

APL

CID

NHA NOMENCLATURE

NHA FSCM/Part No.

Handbook H4

MIL-P-17881 Type T APL, Tech Manual

N/A APL

Volute APL, Tech Manual, TRS
N/A APL, Tech Manual

Type I APL, Tech Manual

N/A APL, Tech Manual

N/A APL, Tech Manual

TBD From FGC Rreakdown

I'BD From WBS Rreakdown

S1-8809-4 (Et Al) Tech Manual

3231679(D) (Et Al) Tech Manual

0255=086-615A TRS

F 303100 TRS

016031226 APL, TRS
CONDENSATE SYS. TBD From SSDI

TBD From SSDT

STD For NHA Yes TBD From SSDI

#PER NHA < Tech Manual

#0n-Roard 6 Tech Manual, APL
D-3

i
5
H
i




Maintenance
Engineering

Requirement

Manufacturer
TYPE DESTGNATTION

APPROX. DIMEN.

ROTATABLE POOL

lavy Mgmt.

l'ech Manua

Fech Manual

Comparizon




Data Item

Maintenance
Engineerig
Reguirement

How Determined

(OS]

v

(o))

@

Ve

10,

11,
12,

13.

14,
15.

16

Stuffing Box Packing
Sleeves Worn

Pump Air Bound
Insufficient Speed
Recirc, Valve Open

Suction Pressure Too
Low

Pump Speed Too Low

Discharge Head Too
High

Pump Suction or
Impellers Clogged

Rotor Frozen

Suction Line Air
Leak

Stuffing Box Air
TLeak

Pump Overspeed

Foundation and Foot
Bolting Loose

Coupling and Shafts
out of Alignment

Strain on Connected
Piping

Excessive Bearing
Wear

Rotating Elements
Rubbing

Tech Manual




Maintenance
Engineering
Data Item Requirement How Determined

SECTION ITI
I S e
FATILURE SYMPTOMS

Failure Modes 1, 2, Insufficient
e precsure

“ 5 Ds 8 y 9y O, No output

11

6 s L2513 Insufficient capacit;

154 16, 17, 18; 19 | Vibration Tech Manual
14, Driver overload Tech Manual

FATLURE EFFECTS FOR
EACH MODE

1, 2, 3 & 3 Low water in boiler Engineering Judgement (EJ

L e R s Low water in boiler Engineering Judgement (EJ)
(ST a2 Al Low water in boiler Engineering Judgement (EJ)
)

14

1’, 155 L6 BT A8,
19

Engineering Judgement (EJ)

SECTION IV

CORRECTIVE MAINT.
REQUIR. FOR EA. FAIL-
URE MODE

(CORRECTIVE MAINTE- {
NANCE) {
{49 Replace ring: EJ/Tech Manual
. Replace/repair EJ/Tech Manual ;
impeller ;
{
3 A.) Replace Packing EJ/Tech Manual !
or f
B.) Rezleeve Shart EJ/Tech Manual
EJ - Engineering Judgement *Safety Const
p-6




Maintenance

Fngineering
Data Item Requirement How Determined
4. Prime Pump EJ/Tech. Manual
5. [ncrease Steam EJ/Tech. Manual
6. Close Recirc. Valve EJ/Tech. Manual
fis Boost Suction EJ/Tech. Manual
Pressure
8. Increase Pump Speed EJ/Tech. Manual
9. Reduce Discharge EJ/Tech. Manual
Head
10. Remove Obstruction EJ/Tech. Manual
QY Dicassemble and EJ/Tech. Manual
Repair
12. Repair Suction Line £J/Tech. Manual
13 Tighten/Replace EJ /Tech. Manual
Packing
14, 'A) Tncrease Discharge|EJ/Tech. Manual
Head
B) Repair Sspeed
Iimiting Device
15 Tighten Rolts EJ /Tech. Manual
16. Align Shafts EJ /Tech. Manual
8 by Remove, Repair & E.J /Tech. Manual
Reconnect Piping
16 Replace Fearings . /Tech. Manual
19. Realign Rotating EJ /Tech. Manual

Units




Maintenance
Engineering
Requirement

et

n

>

How Determined




Maintenance

Engineering
Data Item Requirement How Determined
LOCATION OF PIECE
PART REPATIR OF RE-
MOVED UNTIT
2 D
Siet Bia D
Engineering Judgement with aid of
11 D Tech. Manual and Drawingc
18 i
15 i1
FAILURE FREQUENCY MTBH
(FORCED SHUTDOWN)
PREDICTED
VERIFIED 213 H ARINC Pub. OE13-01-1-1224
MTBCM
PREDICTED
VERTFTED 872 Hrs ARINC Pub 0OE13-01-1-1224

ANNUAL UNTT NPERATING
DAYS

% Unit Nperation Per
System Nperation

Item Backed-Up

# of Back-Ups Per
System

Engineering Design
Change

ALT Incorporation
Level

ALT Impact on
Logistics

Item Function

10,930 Hrs

467

None

None Needed

None

4 Stage Rotating
Impeller

Engineering Judgement with ARINC
Pub. cE12-"1-1-1224

Ship Main Propulsion Guide

Ship Main Propulsion Guide
Tech. Manual, APL, TRS

Eng. Judgement w/ALT Plans
Engineering Judgement with ALT

Plans and Descrip.

Tech. Manual




SIS S

bl
|

Data Item

Maintenance
Engineering
Requirement

How Determined

Maintainability
Characterizstics

Maintenance Concept

Plan for Use

Explicit Maintenance
Plan

Daily, Weekly,
Quarterly, and
Annual Tests and
Inspections to Com-
pare Unit Operation
'ith Design Specifi-
cations

1. Minor "0O" Level
Part Replacement
and PM

2. R Eevel Unit
Remove 1 and

eplacement of
some Piece~Parts

3« "D Level Unit
Overhaul

Supply Feedwater to
Roiler

Daily:
Jack Rotor 3/4
turn when secure
Inspeet for Oil
and Water Leaks

Hand Lift Reliefl

0il Pump
( ¢ Lube System
Check Recirc con-

Check Differential

Pressure Control

Check Shaft and

Coupling Float
Quarterly:

Check Coupling

Alignment

Drain, Clean, and

Refill Sump

Annually:
Lift Casey Inepect
Internals, Measure
and Record Clear-
ances

m

'ech. Manual

Engineering Judgement

Tech. Manual, TRS, Propulsion
Nperating Guide

Tech. Manual




Data Ttem

Maintenance
Engineering
Requirement

How Determined

PM Accomplishment
Organization Require-|
ment

1P
2P

3P
ip

5B
6P
7ad
8p
9P
10pP
P

Most Significant
Maint. Requirement

Mttr. Goal (Ship-
board)

Mttr. Goal (Unit)

Max Repair Time
Expected

Automatic Fault
Detection Built In?

Needed?

Built-In Test Equip.?
Needed
MTRCMA

Allocated

Predicted

Actual

MRC Control Number
CM Requirement #11

Equipment Location

Maintenance Level
Responsible

HHHHHHHHD OO

#11

Less than 24 Hrs.

Less than 26 Hrs.

No

872 Hrs.

I-P-XXXXXX-A-I

Deck-Frame-Side

Engineering Judgement

Engineering Judgement

Engineering Judgement

Engineering Judgement

Engineering Judgement

Tech. Manual

Engineering Judgement

Tech. Manual
Engineering Judgement

Engineering Judgement
Engineering Judgement
ARINC Pub. OE13-01-1-1224

Section 4.3 of TRIDENT LSA Book
"X" Characters Assigned by DAM.

Propulsion Operating Guide Prints,
Tech. Manual

-

k
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