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ABSTRACT

ARINC Research Corporation developed a technique for performing
Maintenance Engineering Analyses (MEA) on units of the LO—NIX 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 conditions 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 Ma intenance Eng ineer inc
Analysis (MEA) of HM&E, ordnance , and electronic equipments on the LO-!•IIX
class of ships in a manner that is less time—consuming and less costly
than analyses performed in accordance wi th ~ilitary 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 par ticular uni t 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 to equipn”.tits
for whi ch there are no histor ical maintenance data as well as to those
for which data are available. The technique can also be applied to
equipmen ts regardless of whether or not they have been subjec ted 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 e f fort concentra ted on develop ing the technique and demonstrating
its validity by applying it to several equipments. The technique provided
resul ts qu ickly when applied to equipments for whi ch h istorical da ta were
available as well as to equipments for which no such data were available.
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CHAPTER ONE

INTRODUCTION

This report, prepared under Navy Contract N00123-73—C—1698, descrihf-s
a method of performing Maintenance Engineering Analyses (MEf~) on units
(systems/subsystems/equipments/components) to be installed in the LO—MIX
class of ships. This technique is less time—consuiring and less costly
than conforming to Military Standard M IL—M -243E5A, and it enables nair.tc-
nance eng ineers to identif y maintenance engineering requirements quickly
and with adequate accuracy. The maintenance support r€quirements identi-
fied for individual units can be used for çlanning Fleet logistics
Support.

The e f f o r t  involved (1) identif ying ma in tenance  engineer ing reouire-
ments that are needed as inputs to an Integrated Lociistic Support (ILS )
Computer Program; (2) determining the applicability of various mainte-
nance eng ineering analysis techniques to shipboard hull , mechanical ,
electrical (HN&E) , electronic , and ordnance systems for LG-~’IY. shirs;
(3) selecting an approach; and (4) developing the technique and demon-
strating its feasibility. This demonstration consisted of app lying 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 ir~~uts required for the Trident
Logistic Data System.

Chapter Two presents background information or. the development of
the LO-~~IX Ma in tenance  Eng inee r ir .cj A n a l y s i s  Technique .  Chai ter Three
ident i f ies  and describes the in i t i a l  requirements  and assumptions made
prior to the technique deveiopment. Chapter Four presents  various MEA
methods identi fied and considered in selecting the basic approach.
Chapters Five and Six are discussions , respectively, of the basic approach
of the LMMEA Technique and the demonstration of the technique. Chapter
Seven presen ts conclus ions an d recorrnenda tions . The append ixes present
methods of recording data (A and B) and data accumulated during demon-
stration of the LMMEA technique (C, D, and E).

1
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CHAPTER TWO

BACKGROUND

The Trident Integrated Logistic Support System has been desiqnated
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 Engineering Analysis , which identi-
fies the support and maintenance engineering requirements for individual
systems, equipments , and components. Pecause of time and cost constraints,
standard MEA5 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 fa ilure, etc.). In the case of LO—MIX ships , the NEA 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 be 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 .

3
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CHAPTER THPEE

SELECTION OF BASIC APPROACH

3. 1 REQUIREMENTS

Because of the t ight  schedule for int roducing the LO-MIX ships into
the operational Fleet , the f i r s t  requirement of the LM~’-IA technique  was
to compress the schedule for M.EA 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 LNMEA assures that it will cost subs tant ia l ly
less than analyses performed in accordance with MIL-M-24365A .

The identification of a complete Logistics Support Package for the
LO—MIX class of ships will recuire the use of a computer program for
data handling. The Trident LDS program has been selected for handling
the LNI~1EA outputs. Consequently, the data resultir.c from the performance
of an LMMEA must be compatible with the Trident or similar L~ S program .
A single concession has been made : cost and time savings will result in
a loss of accuracy. ~ major objective of this effort was to minir.ize
the accuracy loss.

3.2 ASSUMPTIONS

It was assumed that similar equipment tyJ~es have similar maintenar~c-c.
engineering requirements. That assumption was made following an analysis
of HM&E and ordnance equipment designs. A ty~ ical 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 casinos.
Inspection , acceptance , and repair methods and criteria are the same for
the casing , impeller , wear r ings , shaft, and other items on both purn~ s.
The primary maintenance engineering requirements for the two pumr s are
similar. For example , both pumps reouire wear-ring replacement . Once
the maintenance support requirements for replacinq 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 ccncept of
similarities is a major factor in the LMMEA technique.

5
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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 LU-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 LU-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 LU-MIX units will be technically similar to other LO-MIX
- units.

3. Some LU—MIX units will be technically similar to units already
operating in the Fleet.

6
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CHAPTER POUR

IDENTI FICATION OF EXI STING APPROACHES

At the beginning of the pro j ect, ma intenan ce engineering requiremen ts
of existing approaches were identified and examined. The objectives were
to identif y recent developments in ma intenance eng ineer ing analysis , to
find an approach that w’”ld be directly applicable to the LO—MIX technique
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 part ial ly used in the technique developed. Most approaches required
maintenance data that are not readily available. The following sections
describe the rationale for complete or partial rejection of the other
approaches identi f ied .

4.1 STANDARD MAINTENANCE ENGINEERING ANALYSIS APPROACH

The approach of the standard MEA , outlined in ~!IL-M-243E - 5A , is the
one most widely used in determining maintenance erqineeri.nc requirements
for HM&E and ordnance eouipments. The approach depcnd~; heavily upon
physical testinq of the component being analyzed , normally a l~ nqthy 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 intr icate and t ime-consuming analysis  of
a unit. The use of Fault Tree Analysis requires considerable training,
and the results are many times dependent upon physical testing of the
units being examined. For these reasons , the ~ij proach wan not considered
further in this study.

4.3 MATERIAL FAILURE PREDICTION

Ma terial Failure Predic tion is a techn ique used by the Depar tmen t
of the Air Force for measuring the probability that an aircraft and
crew will be exposed to a hazardous condition . A portion of the 

model7



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 i~n 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.

8



CHAPTER FIVE

BASIC APPROACH

5.1 DEFINITION

The LO—MIX Maintenance Engineering Analysis Technique is a method
of identifying the maintenance support requirements of ar individual
unit (system , subsystem , equipment, component) by identifyir .g previously
determined requirements 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
(Triden t LDS or other ) which , when the inputs are operated on by the
system , will produce a logistics support package for LO-~-1IX ships.
Accomplishing this objective requires an input worksheet containing all
data elements necessary to descri be logistic requirements and parame ter s
for ind ividual units.

5.2 TRIDENT LDS SYSTEM

The results of the LMMEA will be inputs to the Trident LDS System
or a similar system ; therefore , an understanding of the Trident L 5
System MEA data input requirements 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 be executed in increments coin-
ciding with the physical testing of the considered units. The worksheets
contain repetitive unit-identification information , which permits later
correlation . The worksheets cur rent ly  provide for  informat ion not
applicable to the LO—MIX Fleet (e.g., Sub-Safe requirements).

5.3 DEVELOPMENT OF T}~ 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 evalu~ ted for their criticality to the require—

9



ments of the new technique. The most time-consuming and costly elements
identi f i ed were the physical testing of the uni t being anal yzed 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.

5.3.1 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 identif ication used by the
Trident program in the same manner in which the Tr ident 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 da ta 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 eng ineering 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 iden tification of possibl e sources of da ta to assist the
engineer in determining where main tena nce requ irements 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 IV

Figure 5-1 . MEA/HISTORI CAL DATA MATR IX

10



In Cases I and II , in which standard MEA data are available , these data can
be used as the sole basis upon wh ich the eng ineer ju dges the ma intena nce
engineeri—q 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 ~hect becomes
more effective . The analysis sheet guides the r rer .arer in his search for
infortttatioi~ and assists him in judgina the maintenance engineering re:u]re-
ments on the basis of the existing data .

Case IV , for which there is neither a standard ~TA nor historical
da ta , is a distinct possibility. This is the situation with the Oto
Melara Mk 75 Mod 0 Gun Mount , to be used in both the PF and PH~M Shij’
Classes. In this situation the judgment and analytical capability of
the engineer become the crucial factors. However, ther c are drawing s,
component lists , and other descriptive data available for the Mk 75 !-~cu r t .
Subassemblies and components such as motors, gear trains, and hydraulic
units can be identified from the drawings. Then the component maintenance
engineering requirements can be evaluated by us ing  enaineer ing jud cinent
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 grouping 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 ” , “ro ta t in~i f i e l d  motor ” , etc. For each
group of equipments, one lead component is selected which  would ha~ie the
greatest maintenance engineerinq requirements because of its size and
complexity. If the unit selected as lead corr p c-n& nt is in the Case IV
category, it is handled sep ara te ly .  The next  mo: t comi lex corrpar~ent is
then selected as lead component. All other cor~-cr.ent~ within a crc-up
are considered follow—on cc-nronents.

5.3.3 L~~~EA Classe s

Once an equipment type is grouped and th’~- lrcd rrr~ c:.or~t selcctod ,
the LM~EA technique can be applied with th qrcatest officjcncv. Three
classes of this technique are employed to achieve the L~CTA ob Jective .
These three c lasses  are re la ted to the four  cases of data a v a i l a b i l i ty
(Figure 5—1 ) and component groupings  as shown in T a b l e  ~-l .

The Class I L~’MF1. is reserved for those units undergoing test and
development. It is an in-depth analysis of units for which neithe r 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 ot erating equipments the unit
resembles. The operating equipments sim ilar to the unit are anal~ z d  to
determine the uni t ’s maintenance enqineeri~ o requirements. These require-
ments are entered on the LMi~L’i~ Analysis ~h e t .  The Class I L~-T-TA is co~~
sidered a unique class because of the tire rc-~ uired for raw—data identifi-

11
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Table 5-1. RELATIONSHIP OF DATA-AVA ILABILITY CASES AND
LMMEA CLASSES

LMI~EA Classes by Equipmen t Groups

Data Under
Lead Follow-On

Availability Development
Component Components

and Testing

Case I N/A Class II Class I I I
Case II N/A Class II Class I II
Case III N/A Class I I Class III  —

Case IV Class I N/A Class I II

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 assembl es 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 ava ilability, 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, APL5, Main tenance 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 LMNEA Analysis Sheet. For
units in the Case III category , a Class II LMMEA can be produced in less
than three weeks.

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
and the comp leted LMMEA for the lead uni t of the equipmen t group to which
the unit under consideration belongs. A Class III LMMEA can be produced
in less than three days.

12
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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 LMMEA. If the maintenance
engineering requirements for each selected data item could be iden tified
eff ic iently,  the technique was considered valid .

6.1 SELECTION CRITERIA

The following criteria were establ ished for selecting equipmen ts 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 equ ipments similar to those selected for which
- j  historical data are available.

6.2 EQUIPMENT SELECTION

Various hull , mechanical , electrical , and ordnance ecruipinents 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 equ ipment
group :

• A main feed pump manufactured by Wor th ington Corpora tion

• An auxiliary condenser condensate pump manufactured by Warren
Pumps , Incorpora ted

• A fresh-water tank drain pump manufactured by Weil Pump Company
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These three pumps were selected becau se 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
equ ipment 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 LMNEAs. 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 componen ts that could be
identified as rotatable-pool items to be installed in the PHN and PF
classes of ships. Included in the systems investigated was the Oto
Melara Mk 75 Mod 0 76nun/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 H
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 -— f i r st,
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 LM MEA application , 56 rotatable—pool
components in the Mk 75 Gun System were identi f ied 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 main tenance history was available. Where no similar equip-
ment was readily available, the componen t was analyzed by comparing its
character istics with ava ilable total system data.  For each component ,
the maintenance eng ineering requ iremen t for each of the following LDS
input—data items was identified :

• Component popula tion per ship for PHIl and PF classes

• Mean time between fa ilu res (MTBF )

14
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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 been
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 I I I )  -- 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 requ iremen ts had been identif ied because the purpo se
of the test was to determine the validity of the technique , 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 f i rs t , with vertical column s, lists the data items to be identified
in the lef t -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 da ta determination wer e 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 LMNEA follow a predetermined
trend . The first section of data provides basic identification. The
second section identif ies the modes of fa i lure tha t can occur in the
uni t .  The data in Section I I I  ident i f y f a i l u r e  symptoms for  each f a i l u r e
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 un i~ t interest . The data in Section V (on
the second type of sheet) provia~ an analysis of each preventive and
corrective maintenance t . ~. identified n Section IV (on the f i r s t  type
of sheet) . This anal ysi s includes t r ~~ casks required to accomplish each
maintenance action .

The data items listed in colirn’n ] that were applicable to LMMEA
logistics support were taken f row a standard MEA worksheet and Trident
ILS worksheets. The only data items eliminated from the Trident LIDS
worksheets were those pecu lia r to the Triden t Subma rine Programs , such
as Sub—Safe Program requirements. The LMMEA logistics support analysis
was considered complete because a main tenance engineering requirement
was identified for each data item. Certain assignable information , such
as the Functional Group Code assigned by the Des ign 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 LNMEA was performed without
physical testing.

6.5 CLASS III LMMEA

Two Class III LMMEA5 were performed by appl ying 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 LMMEA5 were recorded on
the Technique Developmen t Worksheets in the same manner as for the Class II
LMMEA , with one exception : on the f i r s t  type of sheet the right—hand
coluunn was riot f i l l e d  in, because the da ta were iden tif i ed by comparing
the Class III unit of interest with the results of the completed Class II
LMNEA . 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 LMMEA5 are presen ted in
Appendix E of this report.

The Class III LMMEA technique is consi dered va l id because the results
presented in Appendix E were achieved in e ight hours for each of the two
Class III LMMEAs. Although incomplete , the resul ts obtained during the
demonstrations indicate tha t 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.
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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 LU—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 LMNEAs are employed : Class I, Uni t under Development
and Testing ; Class II , Lead Component; and Class III , follow-on Unit. The
technique is applied by f i l l i ng  out an LMNEA 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 , s imilar  in design to those included
in Append ix D , but continuing the investigative questioning and data
recording , will  be required for each I MMEA .

7.2 RECOMMENDATIONS

7.2.1 Equipment Identification and Type Grouping

The LMMEA technique is designed to accommodate a large group of units
expeditiously. In fac t, the larger the number of units , the greater the
economy per unit. As more units are considered, the number of Class III
LNMEAs increases. Therefore , it is recommended that the equipments
requiring LMMEAs be iden ti f ied  early in the LMMEA program and grouped by
equipment type .

17



7 . 2 . 2  LMMEA Data Form

It is recommended that complete LMMEA data forms he developed as
soon as possible.
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Piping

14. Excessive Rearing
Wear

19. Rota t ing  Elements
Rubbing 
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D a t a  Item Requirisment C O . C  I eteI-r rli r- - :

24 . Prime Pump EJ /Tech.  Manua l

1~~ Increase Steam 15//Loch. Manual

6. Close Recirc. Valve 1 3/L o ch . Manual

F-oost Suct i ~ n EC/Ec-ci . ‘-lansCal
Pro- -: - ure

3. Increa ::o- Pump E p e e i  PE/Te/CI:. Mar ual

- . Reduce  D l s c ha rp  I C/ T o -L I .  Manual
Head -

10 . Remove Ob st r u c t i o n  15.5 /Tech .  Manual

11. Di:- as-semble and [5 / /T~~c- 1-:. Manual
Repair

12 . Repai r  Suct ion  Line f - / ’ i T L C T C .  1-lanual

13. T i t ht s r i 5  Replace  15,1 /1~:cl.. Cariua)Packinp

124. A) Increase Dischargo I//Tech. -1-anual
1107. :

1 ) Repai r .~poe C

S Intl t Inc Ic V I c E

11- . T i : T h : c r l  - (‘[tI  1- - ’1L’CI-.. lIlIlual

16. Ails -n . h :oFtC . P - - S o  H ! .  - lanuai

17. Rurr,oV’ , l-cpair - -.- F: - ‘foci . Manual
Reconnect Piping

1-:- . Fl  place ‘-c-arinn.- ‘-I - ’ /Tech. Manual

1 ‘ . Reali ,’-n Rotating IC /Tech. Manual
U n i t s
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Engineering

Data Item Requirement Fin:-; Determined

LOCA T f~~f: OF PIECE
PART REPAIR OF RE-
MOVED lIMIT

2 D

0)

Engineering - 1u~~’emer1t with  aid of
11 1) Tech. Manual an - I  flra -~-thgs

13 I

1 ’ I

FAILURE FREQUENCY I-ITS
(FORCED SHUTDOWN)

PREDICTED

VERIFIED 2l~7 H ARINC Pub. C-Ei/-)1-1-l224

MTBCM

PREDICTED

VERIFIED 872 Hrs  ARI NC Pub OF13-Ol-1-l224

ANNUAL u N I T  0PE~~~TIN G
DAYS 1/- , :~~- 

- Hr s

~ Unit °peration Per Eng ineerinc Judgement -Cit h ARINC
System “peration Pub . C 7 - ’~~~~ 1-1-1224

Item Backed-Up Y Ship Main Propulsion Guide

# of Back-Ups Per 2 Ship Main Propulsion Guide
System

Engineering Design None Tech. Manual, APL , TRS
Change

ALT Incorporation None Needed  Eng . .Judgement W/ALT Plans
Le vel

ALT Impact on I-lone Engineering Judgement with ALT
Logist ics  Plans and Descrip .

Item Function 4 Stage Rotating Tech . Manual
Impel ler

0—9 
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Da ta 1tem Requirement How Determined

PM Accomplishment Maintenance Level
Organization Require- Responsible
ment

1P 0
2P 0
3P 0
4P I
SF I
6P I Engineering Judgement
7P I
8p I
9P I

lOP I
lip i

Most Significant #11 Engineering Judgement
Maint. Requirement

Mttr .  Goal (Ship — Ler t  than 24 Hrs. Engineering Judgement
board)

Mttr .  Goal (Un i t )  Less than ~6 Hrs. Engineering Judgement

Max Repair Time 192 Hr c .  Engineering Judgement
Expected

Automatic Fault Yes Tech. Manual
Detection Built rn?

Needed? Yes Engineering Judgement

- : Built-In Test Equip.? No Tech. Manual

Needed No Engineering Judgement

MTF- C MA
Allocated Engineering Judgement
predicted Engineering Judgement

Actual 072 Hr s . A R IN C  Pub. flE13-Ol—l—l224

MRC Control Number Section 4 .3  of TRIDENT LSA Book
CM Requirement  #11 I-P-XXXXXX -A- I  X ” Charactero Assigned by DAM.

Equipment Location Deck-Frame-Side Propulsion Operating Guide Prints ,
Tech. Manual

0—1].

-I

I 



—
~~~~~~~~~~~~~ 

, , ,
~~~~~~~~~~~ _, 

~~~
— - —

I 

*j~e 7/- ~rIY~r f2/,4~~ I

.-. -c
10 1-’ . - CE-m 0 c--I 10 (5 ID
o . 4~~C 1E~’ e ~~ .0 Cc 0-, 0)

10 H O  C - . —I ‘—I C) -E
~-i -~~ ~~~Q) 54 ~~:

1 - 0 )  -H ID I D (  0 5)
10 • ~—~ s 5) 0 C) U :0 55

0’ 05 0 CI -H C) n a: .~ . C 0’0. ~~ .4 c~~ ID 5)
0’ 10 ICI e)

cc- -S
0 5 1 0

~ 0’ . 5 - -( -5-
10 1-” 0’- 0’ °-

~. 
7-—

~ ~~
-. — - (N - - L5\ 1’—

.4 (1) 5- cC- n:) : s  10 10

-C

0’ ______ ______ _____ _____

to - C O  - - 5 <5 ‘5 -~~ I
10 .4 OC ~ : Cs’ 0’ 

7- - . 7- —. — ‘H ‘H I ,H ,—( I (C)
0) .- - 0-C- 10 OCT I I

0 <5 i~ 
(0 ’-

- n ‘-- 45 ,.5 I I

~ ~~~~~~~<51010 - C I  -55 -55 ~~ ‘t ~-0 -- 
~~
‘

. - - 1 0~~ C- o C O  - . --7- 
—. - -- 1 -: 1 0 1 0

0’ , - lo Is .4 :0 10 0 ) 1 0  OC 14 1 0 1 0
— 1 0 0 ) -  o~ —~ 10 10 CC-

0-, 0 0’
(‘ C 0)- 0’ I-) 10

_ _ _  7-’- __ —~~~~ —

—1Z 1-Io 4’ -‘--
0 5 0 -  ‘ C O  • ‘ - ~~4) <5 ‘H 0’ 45 -‘-1 -H

~ >- E-4 -55 C0) (50’ <5 .55 <5 01 C C C
cz 0’ <5 10 10 .4 - 

- ~~~ ~~~ .,-~ -.-I -~~
—‘ 0’ cO’ L4 ICr~~~~ 10 10 - .0 .0 .0

C) C) C)
‘I-I Cc- CU (S) cc5o 0 1 0  10 10

C O

E-.
-
~~ ‘10 CC... 10 ~~~~~~.

o 0’ 10 00)1 10 10 10 10, 10 10 1-0o — .‘l> I—I -~ 0’ 0’ 0’ 0, 0’ 0< (5
H 1 0 0  F-(5-’-
0 

_________ _________ __________

H
0 -I--
<5 -  nO-

.4- 0)
00) 0 0 5. C C 0

10 1—) ( - 10 10 10 0 1: 10 10 .4
1 0 0 <
0<0)

.4)
1.1 0’ =

cl ’- 0-1 1-5 C- C (0) ‘ - ‘- - - ‘—‘
1010c_ k—I

-
~~~~~~
-

15 -o
..4, 0’ 10 1-, ID

. 4 1 0  .0 0. -I-’
-‘ ER 010 p. p. p. 0, 0. p. -) ‘-I -) C)

I—’ E—’ ..a 10 r—I ‘5J “
7-- - 5 - m  ‘.0 ~—l -H ~—(

0. C

_ _ _ _  _ _ _  _ _ _  ___ —

1> CC .0 Y 10 I— 10 c - C 0-1 10 10 0’
1-4 10

- 5 ;  0)10
H I’ ( Ci5 10 10 (5 1—’ 0’ -4 4-C 10 1—’ 1-5 1”

1 0 1 0 0’
H O
4 5 1 0
0’ Cl) Z —1 H 0’ 0’ 10 0): <5 10 0 10 D-13

-I

I



-

- C 4 - C ’  : -  C C  - - 
- - : -s

SC

0): 
CU

45
—4 -‘5 . 5 5  5’ .1 - - - - C 10 115

‘H 55 (C C-. .1 CS CS .‘ - :  .: I- - c s
0’ — 11: 0’ 5. 0 5 1 - ‘0

C-.. . - ‘ - -o — - 
- -

C 0 ) ’C — - ‘ ~~~~~~~-- - ‘ C - ’  I-, ’ O S - --
— I — I  ‘— I <— I

-
~~ 

- I - . I C . I . .  , .  t -
(— 0’ 1 - - I - 1 - - : - - : -  0 ) - C  C- - ’ ‘ C

- -  ,- - . - - :C -0 - 0  <5
C—’ - - - - - - - -

-- 
— 

‘7- 
-- , . ,  _C5
-

- 
0’ 1 5, (0

0’ 
- - 

-— - — -7- ‘ t  ‘ ‘H

0 ) .

4 C ’ H~~~ — 4 1 0  15 15. 15. 0. 0. 0. . 04  C) C)
5— ’ ~__. H. - —‘ - - .41 - - - — 4)  ‘H r I

C-S (5 5— - C . :  -

IC —0 0’ o~: IS.

. ç~-,55 C0
0’ 4-. ItS I---. : 1 4.’ ’ - 1--

10 10.15 - - C I  -

0 -  CCC I’ , : - - - : - 
- - 0) 

_ _ _ _  

C-) . 4 -5 - , : - - . .  C - 7- 0 ) 1 0  ~~ 14 

- - -  - -



r ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

“

~~~~~~~~~~~~~~~~~~~

‘—

~~~~~~~~~~~~

0’ - t ’
0 1 1 0  C’ 5) 5) 0- 5)

1 C C - C- C CS C ‘5 C 5 5 .
4- -SC- 1.. -‘ C 0. C 0

- (1) 4) -
- 4-5 45 C C  10

45 45
H E-i 

____  ____  ____  ___  ____  _ _ _ _ _ _

— 1 0 1 0
Ci) S Ci) C.) 5) 0

C .1
o 0 C C C. 1)5 -S C

- ‘10 05 0’ 1.5 : - s 05  10
11 0) 0)
C 0-5 1’)

________ L-’ H —

- • - -c 
~- C- —

0’ 1 0 0 :  ‘C’ 0’ -S 15
10 45 10 0’ —~ -c- ‘~~ 0 ---~

1 0 0 1 0’ H U )  — 5 1 0  4C C 15 0-C ‘1) C~- C D D
CS C C C-H ---~ - -

0. 0. 0’ -0’  5.’ ID c 0 ~~~~ 0.
10(-5 ( 5 :~:<5 co o- C .45 C 115 10 is
(1) 0 < 4 ) 05 0. C C I - ’- 5. 0 01
1 0 < 5 0 ’  HH .4 10 C O I l

L ’ H H  -~~ O~:
1 0 0 - E S - i  4-. 0 ‘.‘ U) .‘ 0, -5

0’ 15 0 0 ‘5 5 C C
<51’. 4. 00 Os 0 5 0 C C 0
H 1 0 0 ’ — 5  0 0’ 0’ 10 10 10 10 0’14 -0) rfl 15 115

4’ 4-:

C— ’ .55 5. 15 4-’ H
H O  - • 1 s t  0 H 15 55 ‘H45 10 — - 4- 0’ 55 40 mU 0 1.5 C 55

4- 5 0 -  ( ‘ H - H  C C  C C S.C C
-‘0 - - S 10 10 5 1 5 . 0  5 - C ,-.. 0 ) H 5 - -C 5 ) 0  “5 -H I-’ C .r-

~ 0)0
( 5 0 .  1-~ 0 5 5 5 ( 5  C C C o  15 4-’ C. C-H 0 0 ,.’5 ,  ( ‘H

4-4 .C - -C S 55 —5 5 5 5 5 5 )  0- 4-’ 0 5 5 0  0’ •’-I 0~~~
0’ • C) SC- Cr: ’ lo 55 i-) C5 10-H c5 -,-~~~ ‘0 CS-H

‘H (5 05 0) U 0 0 -H  ‘0 0’ C -  ‘0 ‘0
-‘0 0) 1- 7- 1 1 5 5 ) 0 - 5 . 0 .  ‘5- ‘0 10.0 01 -o
0 .: :  H 1 0’ H 05J C ) . ” C  II) -Cl .5 p. C) -.55
C-’ . C C) (15 ‘0 ;) -H ti) 4-i CS ID C<,~ 55
10 CU ‘H ( C  ‘— ‘ 10 CC. -P 10 0 - U) Ct 10

_______ _______ ‘7-, ________ ____________

-5 ‘H 1-CC
CS 1.-. -‘5 1— - 1-’ F—. t ’ H -‘0 -5 <5
H ‘5 :-: -) -o 0’ - - 

- - .
10 4-C 1.4 ,.. - 0 C, ‘ C 10 0)5 115
I_-

C ~ Ci
‘- I-

ICC
_ _ _  —

P H
11-’. ) -  4- .-‘ -

- 5  10 4 S 0 4  -‘-I -‘-4 -H -H 5) ID
0S 4-.’ 45 4 5 1 0  0 .- 5 1 )  C ml) 0 5) C C C
4-- 10 0’ 4 )  4 :  -—- -4~) --H .‘ .H ~—‘ ~~ 05 -= C C

C -- 4 5 5 5  , 1 5 5 5  .0 55 4 5 5 5  05 55 55
,—. 1—. i - ’  0’ ~.‘ : 1  Cm 0’ 1-: 1

-~~ .4
H 4, 

-

- - C- 45 - - - 15 ‘0- E. ID
0’ 10 0’ , .0 0.-P
— 1- ’ 0’ ‘H - ‘ 4-~ p. p. p. p. p. p. H 4”) C)

os - - H ‘.~~~~“-. —4 C~) ‘5 -C 4.5. 110 —I -H H
-~ --~SE4 - “ 1 0. B

C— C

• C(10 - , . C  11. i’, I( I — 015 45 0-: 45 10 H

0 : 10 CCC <4
‘ — ‘ 1 0 ’ - - ’ -  - - - 1.. . 10 4-’ 10 1—- 41 0(1 — CC)

0 ’ ” ’ -
- - -0 - ‘ 1: 4-’ 45 0’ —0 C C  0’ 45 D-15



-

~~~~~~~~~

----

~~~~~~~~~

-—

~~~~

-- -—

~~~~~~~~~~~~~

.54-’ ,

:~~~T E T ~~ T L



~~

- 

~~~
y--

~~ 
-- 

~~~

.-- --  . -—- — - -

~~~~~~~~

- 
-

~~~~~

I--C (~)‘--5 4-, ’ - - _
H C O C CS 00 ’  0
— 4-: 1011)
I- - m1 Ct~.~~~i; c-S i- s

4’-;

.4 ,
: c - o  IC-0’ C
- 1 - 4 ’ - - - ~~~~~~~
‘7-- 4) 1-s
1 0 1’ - 0

- 4- I

4 . - S 
______ ____ ____ ______ _________

C -H--. .4 ,

‘ - 0 1 0 .  01 0 4  55 1-C) 0
CI 55

Cs: < 51~.

-c

- -
1~ C

10
0 -H10 1 00

0 00H-r ~cc- 0 5 1 0 1
10 1 0 5 5,mU) -

~~~

CO I-’-F — ——
0 < 0  H i--S
55-C 5510
1 - 0  1 0 0 1 -s-1: O E—’ I 

~
-

H
0 5 C c -  -C-: ‘--

‘C I-- 0 < 0’  4-’

10 1’ i--S
rm5 .

~CC I~. ~~ ~~~~~ —4 ‘ - - 5
5 ’  ~-~~~-‘ 

- OH’ 40( 1-5.
C S  ;5~

--’ ‘ .0~~-cs Lt~, ,-I

CI, (~ (~) 
— - 0 0 C’J 1 —  -‘1- ~ )

______  

~~~~~ ~:
-
~~~~~

tC  p 5 4 -

4-. ——1--I
.1.5 1CC 4-’

os -s C
1 0 ( 0  CC

C) C)

CmJ 4) 0
C , H ‘H

‘S F-’ 05

.E ~~~~ 

10 45 5 ~ C,, 44 1-~. : 5  F-’
0 ) 1 0

4-s t.. -
~~~~~ ~~~~~~ 4. .5 —- 4-5 --.4 I)-. 1’-~ 4--- .5 --

‘-—10 -- F - . 1 0 0 5
-s~ . - (0 l—4 H

4. 0’ 01 0’ 5-4 4) 0’ -5 C C  (SC )~.C;
(Cl D—17

H -._10 _________ ____________________________________________________________________

I.



- -.- - - , -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
_‘- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
____

‘H

5 .-I 15 4-’

5- .51 C,

1, - - ~~- E
(C. -- -‘ C

C) I- )~) - , — -
- - — C  55

(C~~ C ‘ - ‘— - m S
0-

~ ~ 
-

15 1- C . 0  - 10 5)

- 
-) 

~~~~~ 1 5 0
‘S C- . C- , -

- C., 1-.
- C C .  .0 4 ‘H C U

0 0 C ;
- - U) m C C -  ~~ 4-

CCC 5 5 5  1<- C -H ,. ~
-‘

F-- ’ . -  —H 5 - - 1 1, 5 0 ( 5
10 55 .4 0 5 .  15

- -.4 - I- -: - - :- IC). — - ,.:
10 CO .C C~ 10 C -  I~, 

~~ IC
- - -5 (,., C’S 10 : ‘ ‘ - - - C’ mU

- ; - - 0 ) ’C C-. U - -- C)
—- - - C~~~~ C 1’

0-, - C_, C C 4 - C. ) 4-

4- 10 .

1- C 
-
~~~~~ 

-
~~~ 

‘

~~ ~~mU 5,s’ C-. C 5  0 1 0 C C . . - .

CS ‘ IS, P. —‘ 4 5 0 .  ‘H mU
- - C-’ C 5m5 - C) - U i-S - C - IC) ‘-‘ — 45

- -U-

-1510,4 - :  - ‘  ‘H ‘H H 0 5 ( 5  ‘ H ’~’) 0’ ‘H
_~~ .LJ 1~. ‘-s

05
I-S C, . C5 - . CC CC
< 5: . --  - ‘ ‘CC .‘0 < 4 5 0 ) 505 5 4 - -. - , - _: _ _ - . -

- - - - -  0’ 0
c-- C- - 1(1 

,_, 
Ci

05 - -

‘ - - 4 ) 4 5  CC - ‘0 5 4 ) 0-
C C C S  - - - -4,: 4 C CS .5) C’. ,s~ 0 5)

10 0 . 4 50 45 :-: 0) 1-5 1~
- ~- 4-~ C

10 1—10’. 55 4’. . .0 -0  .4.  , ‘C- - - C
115100 1 0  ‘--~~~~ 

- -  - -  ‘ - -

4 - 5 _C

cr
H
‘H

__ C

C C  1 5 - ’ -
- CC 4 9-)
s - . : ’ 0. C~ CI. p. 0, 0. .0 --I C)-

- ‘ -Zr ~‘S ’ f l  4~1 4 -  H

p.
- - 1—

(51- H 0’1 0 1 0  15
‘ H 4. 55

-10 55 CCC 10 -CI  :. --  o:  ~~ :- :  6. 5 i-.
F-’ 4 5 0 5  4- , 1-: -

- CC’.
0 : .  44 CCC - - -- 4.: 45 1.-C 4’ . C :  (5’

L I C  - ‘0 0 . : 0< [‘- 4-; ‘5 <4 0- 4. P— lB
40 10 

______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- — ~~~~~~~ . ~~.i 
A



V 
—- — ----- ‘-<--- - -.4. . __,,JwI _,_ ___~

.____,___,__________,,____,_-,___________. -- -

- H
4 - 1 1 .  5 ’

00  0
100) U) U) ID ID L(CI

i c r  HF -S  0 0  0 O H
i-S IC’ 0 0  0 o~~
‘H I’ 5 5 1 0  10

OH—. I -o
—

45

1(0
0’ c c.: 0. 05

0<45 100) ~ O ’ — 5)0 I a ~) ( 0
(1) 10 0<0’ 0-) U) 0-) 5) 5)0 -- - 5-19 5-0
4- 1(0 0 0 0 0 5-00(5.0 5 5 5-4 5 1 ) 1 5 50

— ‘ - .  0 0  0 0 5 5 - ’’-’ C) ~~~~.4 . - 44 , f l
— 41) 10 55 55 10 5 5 0 1 ’,CQ 55 c” )cc- I C’)
a 0501 I P-, 5) . I
44 H-.-. _ _ _  _ _ _ _  — 

- - t o
I—I 0 5 0 5

0(5- - -~~450) 5 ) 5 )  5) 5)5)0 p C )
HF-S C 10 0 C C - H  ~~ O

5-, 0 5 5  0 0 0- P
- 1 0 0 5  55 0 5 5 5- H  (1) 41)

(1) 55 ‘0
-o

_ _ _ _  _ _ _ _  _ _ _  _ _ _ _  .55 
_ _ _ _ _ _ _ _

~~J~~~J 
• ‘HL5. 5-0~1 0)(~

- - -H - H
CI5-0510  U) ID 0-) U) 5) U-m 45 sS55 5 ~~~~~~ (‘0

01 0 5 0 < 5  C C C C C  0’0<64 10 0 0 0 0 0  15 >5.HCC)~ ’0 0. ‘H
F-’ 55 55 55 5 5 5 5  C,m50)C’~0t15~~~5-0’H - am

C) .0
05 Cm) -c C)
0 4 5 -  55 1. 0 OID

<5 450) H 9 0 - )  1 91 C C
o 0 < 1 0  ‘0)”) U) C) U ) . Q 1 0 ) 1-. UJ - 1 ( I D  C)

C C )  C C ).4--0) 4-”0 Q)6- 4-’)C
- 55 mU 0 0 C U) -H 5) 55 9-H 5)5)

(1) 55 I’H- 55 10 10 - 9 9 1 - 1  ml) 0 5 HC )9 C 1 )9
10-55 —. C ) ’0 0 t / )  10(00’ 0)

_ _ _ _  
E-i X H C() 10 H H

— *— —
-‘ ‘0 C - V  4,

5 5 ( 5  V C  5-UI-I C 5 - D C -  C
ID mU 05)55 0 W  ‘H 0

. C t 1 0 4 0 9  HC05C-I-H C ID-H
CC) 5 )5515 C +)-d 0-P -H (1) U) -H C-P

~~ ‘H I D C )  0. 55.0 0. 55.0 CS C ’0 0-H
10 000 U) ID4-~ -P C) ID4-’4-’ C) 0 O c  55’OH

( 0 ( 0  4 4 1 0 4 -~~(1) 41) I D 1 5 C m U U)~~~0 CI5 1 0 1 0 . 5  ‘ 0 5 5
______  

HI’S 1 0010>1000555 
______  <5

Cm)
4-C 45 10 C(.0~ICD U’)

C..- 10<0 4’)
- - 4~ 4-) U) ID (4) U) U) 1> C~~’ I — -‘ C
<5<5 cC- ~~

- C C C C C <5U)c’0t— çI4U’ Ci 0
-4 , -4 0 0  0 C C  5 5 P I~~rf -H

- - - , 55 10 55 55 10 ‘H5— C~5.4-) p.4.)
IDZ’Zr 1-I CU C)

4- 4.- W CO C’01055.C ID

- 
1, _ _ _ _  _ _ _  _ _ _  _ _ _ _  — _ _ _ _  

C/) 0< 10(4Cm)

‘H H H r-4 H ‘H

4-
‘H

. 5 5 0 5
0 . 0 .  0. 0 . 0 .  0.

— 0< 5--i ~~ H ‘ -5 (‘1 -0 110 110

C_S -

CC)
1-5
1 0 1 0  L’S (0)10 4—’ 10 6) 1 0 4 5  I-s E-’

- : 5 5
1 0 4 4 1 0 1 0  ~. 45 I’S 55 (5- I—I 55 44 I~) 10 ‘H 55 C

CCL )
H55c0 0? E-i 45 55 <5 ‘H 15 0< Cr-S 55 -‘5 55 0 45 D—19

.T

~

PT

~ 

_ _



IC - -
-C - I  C C C-_S 41

0 0  4

- - : - 
~~~ 0

I 5
- -  - - -  C _ -ri

4 - - I - . I- - 1 , ~ -c
5 - 1  —5

I’- F- - S  -

H C-
( ‘ C -  ‘HO
- : :  ~i3~~~ )

‘C) - .  ‘ I -C -H mU
- :s-. 1 00

- -. 4-— — —
:2 1-’) ‘S ‘0

0
- 

- H C :  5’

C
,

.5 _ 45 U - c -
I_S C)

45 C U )- -  C - _ S C ’,)

4 - 5. C C I
.550

o ‘- C
o —‘C )

- - -  C C C
CCC H 

I-

—- 0)

5— CS .55 ‘H C-. --‘ C; r:
5. 5 ,0 CC .~ 4C). ‘C. IS C)

5 5 5 . 0 -  4 5.5 > - - m  0 .55 .55 - 4-)
5 — ’  ‘— -I C -  —,

~~,C --4 —‘ ,--9 ~: .~) 5 C ,  : 5 , — , )

C.. C COO ~:- ; C :  C :CS 4.0 o , - - - C0- C, STS ’H 42 55. ’ 5~C C ~
)

‘ C S —  ,—, 5 4 -  ‘— -s ,C _.CCO- > - - C- 0-
- - - : ‘ 1 0 - - C )~~~--- . --, _~~~ 45

4- 05 0110
5<’ )

: 4 2  :--o

H

5-.
CS

- C C _ SIC-.  0
5— CC - 

C. - — 0)
‘5 -. C_I

- 5, 05 ‘H
-s -O S - .: C

4. 5 ~~ 4- 0’ 11’ 1 ICC’S I )  : - : , :

C’ S I C  CI ~-‘ - C  I-- 5 44- - - 1  (CC

I : .  -, -. , , 
0 4- ~~~~L ’  f - - , - - CC 05 5) 45 0—20—— —- 

- ——<5.-.--_..-- —~~~~ -- .4 .4



r ~~~~~~ 

- - - - --- - - - — -

~~~~~~~~~~~.
— -.--—-.- -- - -—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---- -

~~~~~

---— - -- - ----— - - . -

APPENDIX E

CLA SS III LMMEA
(PARTIAL )

E~-1 

I

- - - - -

~

— - .- - - - -
- 

—.4~~~~~ .- - - - - . 4  -~~~~~~~~~- - .4--



r~~’~~~~~~~ 
--- - - —- --‘iir- 

- ~~~T~~1’f~~i — - - 

/VO7~~~~

~~~~~~ .T ~~~~~~

First Equipm ent — First Type of Sheet

Maintenance
Engineer ing

~a ta  It €- r r .  Requirement How Determined
3EcTIC~~J, Pump , Aus’.iliary

Condenser
C Or) dC-fl - - ic-t C

Manufacturem - :arr- en
N/Available

Par t. “c. 1 1/2 2 o’~~-6 Pump

FS~ , !CCC~ ’ A - si - 4-4’ 1

H,p.~ll- 4-

Ssr ie .. C , ,

DCJtOnator . , ,

Suf f ix  ::, A

E’C-C rlc- t Available

~-~~S :~~ - . Ij o l Avalishle

DWG T Ic ’ .  - -
- 

~~~~~~ (A)

T~~S A

F T C

API -1’ . - 2 m : ) ) ’ ,

4-ft

NRA C-ornenclature Au~ -

CHA FCC /P~-F ,~‘

STF f o r  5~HA

# Per CHA S

~ç
’ On - loar d

E-3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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B~S 1 AV A~~~: 
COPY

Maintenance
EngineerinC

:- ta T r n  R equ i r em c -rl t How Dete rmined

Ttem A pp l i ’asim -o:

i’~ .5b. ~- an .

~ l s Lp _  -

5- C’m - m -~.xi ,.~ -

“ .p - - t - i ,05 r , - - -~
App cc  C~ - : 4-5’ :-l, -

II ~‘1— ”
“4 11 - 12.5

Cc _lu 0

s ot a t -a t l e  Pool ‘:~ -

;rc-:uC.e C o u r - C e  I - A ’,’CJJ lot -

Pro our~~. ~~~ :, ‘, - .-- ~ TA -

)IIIt - ‘ie rhaul Pr i:-c

7 5 - C u  i r e — F 

C-/CC T—T ~ I L

~-~ OC 1 4- F  c’C ci i l ur e

1 5 4- ’’ 505.  ‘1 ‘ f .

2 spe ll im r-  s ,  - 1 CC’

‘ ‘0 C C - S
I c’ - - p 5)5 /

- 
- ice-v 1 ’) ,

P:CSCI p a 1 4- 5 ) 05
C l _ I C ) )., I -  I. ’ 

~~
-

Jer t op ’
7 Pum p - pm ’) C 5 1 . 0  l l O , -

L - ’cham -C’ Leo I - - 5
Pump 12- t LOf l  01

~ npr lie ‘- - o 1 c’ - -

10 F:c’tor Ar c ’  en
11 ~- i I C t 1~~rS l i r i  T i

E-4
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Maintenance
‘C-’n g in e e r i n g

CI ’.C)  T t o S C . ,  Requirement Hon Determined

Failure Modes (con ’ t )
12 Stuffing box air

leak
13 Pump overspeed
114 Foundation or foot

- bolting loose
15 Coupling and shaf t s

out of alignment
16 Strain on connected

pip irlg
17 Exce.  ive bearing

- 
wear

13 R ot a t ln C  e lement :
SECTION III  rubb ing

Failure Symptom:

FM 1, 2, 3, 5, 7 Insufficient d i - —
charge pre_Csure 1

14 , 5, ~ , 1’, 10 TIc ’ outpu t

6, 11, 12 Insufficient capacity
114 , 15, 16, 17, 13 Vibration

13 Driver overload

Failure e f f ec t s  for
each failure mode

1, 2, 3, 14, 5, Flooded

6, 7, 3, 9, .10 Auxiliary
11 Hot Wel l

- : -
~~~

:-
~ 6 physical

1/ Destruction

sE(rInT: ~v 
DRY HCT 5-TELL

MA TJT . FCC)
FOR FAILURE MODES

1 Replace r ir iF i s
2 Replace/repair

impeller:;  -

3 A) Replace Packing or
7) Re :l’ eve Shaft

E— 5

41

- ‘ ~~~~- 
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Maintenance
Engineering

I~ ta Tt ~~r. Requirement How Determined

4 Pr ime Pump
C Iif’S)uO .

Clo:e Ri -c i r c  \T55 1~~ (.

7 fncrC-a:C Pump C-p  e-J
‘ 5 R€ducm ,  2 i : c ha i ’ 1’e

Head
Remove (‘b, -t , - -u s:) -so
I J i -Ca s embic- an i

Repair
U C ip a i s - ,Iuc- t ion T i n e
12 T I -h t ml - ‘7, - p l o - -c ’

Pa ci: in-
11, A)  In c r e as e  Discharse

U; ad
n) PC-pair I-peed

L imi t  S ) C CC 7eVic ’~
114 TiFhten Cc ’Jt . :
15 Al Lrr1 I t o C t s
lo Remove , 7- ’pois I-

Reconnect Pi p i r s s
17 Replace i—c -ar -i r s-
X C ,  Realiri ~ Ot ~4 t i f l -

un it s :

Accompli hinC
Activity ( 4 - , r ,
D) F- Accomp thru
‘-‘odul Feplace fl- , IF)

1 1,
2

5 0

TI
1-
11 t , -

-

12 ~~ , TI
• 13 A  1 , 1

137 i , .
C 14 4-- , ii

15 1, II
16 ~~ ,

17 r ,
10 1 ,

C-F-

- - - - . 4  .4 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . _ _
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Maintenance
Engineering

Data Item Requirement How Determined

Location of Piece
Part Repair of
Removed Tifljt

2 C
3B  C

10 C
17 I
13

Failure Frequency
717FF (Forced Shut—
down)

Pred ic ted  3500 Hour:
Ver i f ied

MTBCM
Predicted 133 Hour-s
Verified

Annual Unit Operatin
Days lr ,9 I) Hours

% Unit Operation Per
System Operation - 46~’T

Item Packed— ”p - ‘

# of Back-up c- Per
System 1

Engineering DCCC- ign
- - Change

ALT Incorporation
Level Tic ,e

ALT Incorporation
Level Ior;C- ‘ C - f l F ’5

ALT Impac t on
Logistics For e

Item Punc t ion  4 Stage - et a t  in , -
Lmpellc- ’

Main ta inabi l i ty  I-ally, lC )- ck l ; , ,
Charac ter ict ics  Quar ter l , - , ar -I

- 
Annuall:: T€- : t : an

F-7

1

I 
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Maintenance
Engineering

Data Item Requirement How Determined

Maintainabjility Inspections to
Characteristics compare Unit Opera—
(continued) tion w i t h  Deci gn

Spicificatiofl-s

Maintenance Conc~ pt 1. Minor “0” Level
Part Replacemen t
and PM

- “ I ” Level l I mi t
Removal and
Pcp laci-mcnt  of
s ome Piece-Part~3. “ 1” Level Unit
Overhau l

Plan for 114e Pump Condensate  From
- Auxiliary Condenser

to DA Tan k

Explic~~te Ilai nte — Dai ly :
nance Plan 1P. Jack Rotor 3/4

Turn When Secure
2P. Inspect for Oil

and water leak:

Weekly :
3P. Hand Lift Relief

Valve
4p . Check Lubr ica t ion
5P. -Check Shaft and

Coupling Float

~uarterly:C OP. Check Coupling
Al ignmnent

Annually :
7F L i f t  Case , Inspec

Internal s, 1-FeaC u i - c
and Record Clear-
ance:

PM Accomplish
Organizat ion

1P  (4

2 P  o -

3 P  0

14P I
5 P  11
6 p  - I F’

E—8
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Maintenance
Engineering

Data Jtsm Requirement How Determined

PM Accomplissh
OrganIzation (cent ’ d

7p  I

Most Significant
Preventive l-iaLnt.
Requirement  9 7P

:1 -T T C -F . loal (Ship—
board) lecs than l-5 Hour:

I lt t r  Goal ( I C - n i t )  Less than 25 Hours

F-lax Repair Time
Expected 50 Hours

C
1 

Automatic Fault 
-

Detect ion Built In? I’S

Needed?

Built-In Test Equip? N
Needed N

l-1TBCMA
Allocated 15110 Hour:
Predicted
Actual

-~~C Control TTumber
CII Requirement #11 I-P-XXXXXX-A-i

Equipment Location Deck—Frame—Side-

F— 9

1~
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Second Equipment — First Type of Sheet

Maintenance
Engineering

~a ta  t - . or- Requirement How Determined
SECTTC’:; Pump, Fre:h Water C~ tO5C T~aJ5-O Tan k Drain

- 
Manufacturer FS C-~ ‘Jell

Part Number - Not Available —

FSN N/A

Type Volute

Series N/A

Model VRC A—13%l

Designator N/A

Su f f i x  ri/A

FGC

WBS No.

D1G No.
Mfgr ’s 3-2912
Navy H 1,711,358 (A)

TR S #

ETC

APL

C ID

NRA NOMENCLATURE Condensate Syo- •

NRA ESCM/Part No.

STD for NRA Yes

# Per NHA I

# On-Board Not Available

E’-19
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Maintenance
Engineering

Data Item Requirement How Determined

Item Applicat ion
Cross-Reference

WBS
ETC
MEA

Technical Man . No.
Navy - !~7_ - LL- -

Manufacturer  -\-1- - 1-2 ‘12

Typ e Designation N/A

Approx Dimen.
Length 15’
Width - 15
Height 3L~’

Modular No

Rotatable Pool - ~f e - s

Procure Source Doc J~ t ;o t  Available

Procure Doc. Item W No t  Available

Est Unit Ovhl Price Iot Available

MTBF
Re’uired
Predicted 1: 2 ~-~our-Verified 2137 Hours

SECTION TI
Modes of Failure
1 Wear Bin -: Worru
2 Impellers Damaged or

Eroded
3 Stuffin~ ~C 0X Packing

Sleeves Worn
Pump Air Bound

5 Ins u f f i c i e n t  Speed
6 Pum p Speed too Low
7 Discharge Head too -

High
8 Pump Suction or

Impeller : JloggLd
9 Rotor Frosen

E-20 
V

-- . 4 - - -



Maintenance
Engineering

Data rtem Requirement How Determined

Failure Moçies (con ’t

10 Suction Line Air Lea
11 Stuffing Box Air

Leak
12 Pump Overspeed
13 Foundation and Foot

Bolting Loose
1~4 Coupling and Shafts

— out of Alignment
15 Strain on Connected

Piping
16 Excessive Bearing

Wear
17 Rotating Elements

Rubbing
SECTION III
Failure Symptoms -

FM 1, 2 , 3, 5, 6, 7, Insufficient
10, 11 discharge pressure
4 No output

- 8 Insuff icient
Capacity

13, 15, 16, 17, Vibration

14, 12 - Driver overload

Failure Effects for
each failure mode

1, 2 , 3, 4, 5, 6, 7, Flooded Drain Tank

8,9, 10

12, 13, 14, 15, 16, Physical
17 Destruction

SECTION IV
Maint. Requir. for
each Failure Mode
(Correct ive Mainte-
nance) -

1 C 
- 

Replace r ings

E—21
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Maintenanc e
Engineering

Data TtC m Requirement How Determ ine d
Maint. Require . for
each Failure Mode
(Corrective Mainte-
nance) ( 5 0 0 ’t )

2 C Replace/repair
impellers

3 C A ) Replace packing
of

B) Rc:-leeve Shaft C
~1 C Pr i1C~ - Pump

5 C Check Wiring

~ c Tncrc-ase Pump Speed
7 c -Reduce Discharge

He ad
8 C Remove Obstruction
9 C Disa~semble andRepair
10 C Repair Suction Line C

11 C Tighten Replace C

Packing
12 C increase Di:;-

charge Head

13 C T i C ht e n  Colt ,
14 C Clign Ghafts
15 C B fo r lo v E- , Repa i r

C C C ) r ; r i € r f t  Pi ping-
16 C Replare - - eai- ::
17 C i2al S f 0 :  P o t at  11CC -

unit :

Location of CN Chip
Accomplish. (C- , I, L)
-
~~ Accomp . thru ~-~odu l
Replace (Y , U )

1 1, H
2

C 3 A ~~
, N

4 0, N
5 0, N
6 o , r.
7 O, N

E—22



Maintenance
Engineering

Data Item Requiremen t How Determ ine d

Location of CM Ship
Accomplish. (0 , I , D
& Accornp . thru Modul
Replace (Y, N)

8 0, N
o I, N

10 I, N
11 I,Y
12 I, N
13 O, N
14A I, N
14B I, N
15 O , N
16 I, N
17 I , N
18 - I, Y
19 I, Y

Location of Piece-
Part Repair of
Removed Unit

2 D
3 B  D
11 - 

D C

18 I
19 I

Failure Frequ ency
MTBF (Forced Shut-
down)

Predicted
Verified 2137 Hours

MTBCM

Predicted
- 1 Verified 872 Hours

Annual Unit Operatin~Days 10,930 Hours

% unit opera tion per
system operation 46%

Item Backed-Up y

E-23
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Maintenance
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D:tt t o.. Recuiremen . How Det~-rr ~~rs~- --j
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Maintenance
Engineering

Data Item Requirement How Determined -

Explicit Maintenazic
Plan (con t t) 8 Check shaft and

coupl ing float
Quarterly :
9 Check coupl ing

- alignment
1O.Drain, clean, and

refill sump

Annually :
11.Lift case, inspect

internals, measure
and recor d
clearances

PM Accomplish
Organization -

l P  0 -
2 P  0
3_ P 0
4 1’ I
5P  I
6i ’ I
7 P  I
8p I
9 ?  I
lO P  I
liP I

Most Significant
Maint. Requirement # 11

Mttr Goal (Ship-
board) Less than 24 Hours

Mttr. Goal (Unit) Less than 96 Hours

Max Repair Time
Expected 192 Hours

Automatic Fault
Detect ion Built In? Y

Neede d? Y

Built-In Test Equip? N 
-

Needed? N

E—25
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Maintenance
Engineering

Data Item Requirement How Determined -

MTBCMA 
-

Allocated
Predicted -

Actual -~72 Hours

MBC Control Number
CM Requirement # 11 I-P-XXXXXX-A-I -

Equipment Locat ion Deck-Franc-Side

E-26 - -
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