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ABSTRACT

This report describes the research and engineering effort per-
formed by ARINC Research Corporation during an Amphibious Engineered
Operating Cycle (PEOC) Program Initiation Study for the I.ST-1179 . LPD-4,
and ~ iA-l Class ships. It describes the approach , findings, and con-
clusions of the study. The alternative P EOC maintenance strategies for
these classes are described and evaluated for both effectiveness and
resource requirements. Additionally,  detailed planning and engineerinq
requirements necessary to develop and implement the program are des-

r cribed, and a Plan of Action and Milestones for the program is provided.

The results of this study are presented in two volumes: Volume 1 -

r Executive Sunnary and Volume U - Study Report.
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SECTION ONE

INTRODUCTION

H

1.1 BACKGROUND

In 1973 various ship material inspections and reports indicated that V
- despite increasing maintenance costs, the material condition of many ships

of the fleet was below acceptable staiidards and generally unsatisfactory.

I - This situation clearly demonstrated the need to develop a comprehensive
program aimed at achieving an early improvement of the Fleet’s material
condition. As a result, the Chief of Naval Operations (CNO) initiated an

• - objective ( CNO Objective #3) to improve the material condition of shi ps.
In response to this objective, in 1977 the Chief of Naval Material (CNM)

C directed the establishment of the Ship Support Improvement Project (PMS 306)
with a number of interrelated efforts designed to contribute to the formula-

1 tion o~ new and more efficient maintenance strategies for Naval ships. The
- Ship Support Improvement Project has initiated three basic courses of action .

These are (1) a Maintenance System Development Program to make the necessary
• changes to the Navy maintenance system to foster improved fleet readiness;

(2) an Intermediate Maintenance Activity Upgrade Program to provide for
• increased intermediate maintenance level capability and capacity ; and (3)

- 
the Engineered Operating Cycle (EOC) Program to establish a structured
engineered approach for maintaining ships of selected classes. The estab-

• - lishntent of the Amphibious Engineered Operating Cycle (PEOC) Program,
initially for the LHA-l, LST-ll79, and LPD-4 classes of ships, would be part

• of the third effort.

• . 1.2 ENGINEERED OPERATING CYCLE PROG RAM STRUCTURE

A typical surface—ship EOC program consists of a one-year Initiation
Phase , a two—year Developnent phase for each ship class, and an Implementa-j tion Phase that extends through the remaining life of the ship classes

o.  involved. New EOC programs are envisioned to be structured along these
lines, patterned after already established EOC programs, with exc~ptions

- 

r expected to accommodate the special requirements of the new classes of ships.

The objective of each program phase is attained through an engineered ,
analytical process. During the Initiation Phase, ship data are collected
objectives and constraints, that will guide the EOC program , are defined. The

Sir  current status of the ship ’s material condition and maintenance
a

C.’
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strategy are assessed. Alternative maintenance strategies are identified ,
and frc~n them the preliminary EOC maintenance strategy is def ined . The
existing and proposed maintenance strategies are compared and analyzed,
and the feasibility of adopting an SOC Program is evaluated .

During the Development Phase , detailed eng ineering efforts go into
• a thorough development and evaluation of the specifics of the approved SOC

maintenance strategy . Pertinent detailed technical , operat ional , and
experience data are assembled and from those data, critical equipments and
systems are selected , beneficial technical and Fleet Modernization Program

— (FMP ) alterations are identified , and maintenance requirements for pre—EOC
overhauls are developed. Detailed systems engineering analyses are per-
formed on selected critical equipments, with specific restorative and cor-
rective maintenance requirements identified in the development of the
class maintenance and modernization plans. Standards of material condition
assessment and program e f f e ctiveness are developed to permit the analysis

• of the effectiveness of the EOC Program and to modify the efforts as neces-
sary. The SOC Management Plan provides guidance in program administration ,
planning , execution , and support. Together, these elements constitute the
EOC Plan that is implemented in the Implementation Phase.

During the Implementation Phase , each ship will be given a pre—EOC
overhaul (if required) before entering its Engineered Operating Cycle.
EOC support elements and organizations , including the Central Technical
Group and Site Teams , will be f ormally established to continue the co-
ordination and integration of the SOC Program with existing maintenance
programs. The program will be continually analyzed on the basis of feed-

• back received from material condition assessments and post—overhaul,
trend , and program—effectiveness analyses. The results of these analyses
will be used to suppor t the management of the program and show where
modification is required.

1. 3 The PEOC PROG RAM

The PEOC Program is a proposed new Soc prog r am whose purpose is a
realignment of shi p maintenance strategy designed to improve the material
condition of designated amphibious ships. Its objective is to maintain
combat readiness for ships in the program at an acceptable cost while main—
tam ing or increasing their peacetime operational availability. Initially
LH.A—l, LST—l179, and LPD—4 classes have been identified for the PEOC
Program. A basic element of the Program will be the establishment of
engineered maintenance and modernization plans for each of the designated
classes. These class plans ident i fy  anticipated maintenance tasks and
their frequencies. Class maintenance and modernization plans are used
to forecast and assist in scheduling projected maintenance burdens on
Fleet resources. The PEOC Program will provide improved planning and en-
gineering tools to effect better maintenance management , including the
optimization of ship operating cycles.

1-2
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The analysis conducted in t h t ’ In i t i a t i o n  Phase included p r i nc ip a l

F logic and fusetional elemen ts of r e l i a b i l i ty — c en ter ed maln tenan ’e method-
ology. Maintenance e ri ’n~~’ and mater ia l  condi t ion  were ;~ss~~~;ed ,
considerin q mission cri t i ca l i ty and resource costs , and then used to review
and select appropriate alternati ve maintenance strateqies. Similarly , in
the Development and Implementation Phases these same considera tions will

• be used to define and document maintenance requirements for the ~;elected
critical equi pments and systems. The consistent use of th is  methodoloq y
he lps provide assurance that the’ most essential and cost—e f f e ct i v e  class
maintenance strategy revisions will be accomplished.
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I
STUDY APPWS)ACH

I
2 . 1 OB.JECTIVE 01-’ TIIF STUDY

I ‘fl~~ ~~ j c~~ I ye’ o t t he ’ l’1-~ X’ Program in it t a t  on St udy , t i t t ’ pt m c i  pal
- e’t tort of the Program ’s m i t  iat t on  has~’ , is t o  determine i I a ccv i s~~ti

n~~intenance st r ato gy  t~~ut d ach ieve ’ t h e  p r i ma ry sit - a l  ot t h e  Pt-~ X’ Prugram.

I 
That goa l Is to  tieve’ lop a 1 onq — t anqe’ mai ut èflan ce’ t rat  t ’ qy ~lt ’~ smcd to
e’ t t e ’c t an e ar l y  i mprove’n~~nt it  th t’ mate’ r i a I c~ ~ttsl t ion o t ste s i qn,it t’~l

b tons ships , then ma n t .ei it the’ i r ct~n~~at re ’.tslt nos~; at an .eS ’ccl’t at’ Ic
cost whi it ’ mal itt ai it I nq ot t ~~~ ~~~~~ i tis i thel r peacet i me’ opt ’ r at  i ona 1 avail a—

I hilt ty . The’ LIlA—i LS’1’— 11 7’), and LPt)—4 ci ‘;‘.t ’s were’ des i quat  cs.l t o t
• induct  ion i t t  o the PE(X’ Pntqtam and were’ Invest i qatc5l i n  t h i s  stud’.’ .

1 2 . 2 STUDY APP 1~~A~.’H

The approach used tot t he In I t i at  I o t t  ~-~t ti~1v was adpat t ’~i I t o r n  t ho t~~~’
Development Manual (draft) . Fet-.r u . t t v  l’)7t~. It add cossod the tt’a~. Ito, lit v
o I atk’tpt I nq a rKtv P req r~sn ma i itt t ’t t a I l . ’e ’ St  r at t ’qv that is cos t —e ft oct  i i t ’

.tnd within the oh lect  I ves o t I he prog ram. C~’c .tt t h i  1 • mat  i t t  on ,t i t  cc , anti

I ttIheI%ctat dat a tiom divetse ’ ~~~urct ’s we re ,u t a tv : c d  t o  detennine c u r c e nt
class main te icanct’  s t r a t  eq 1 c’s and nc ,t t  e i at cond it  ion and t o  st r u ctu r e
proposed PKt.\’ P rog ram ci ass nyu nt en,tltct’ st rateq i es . The st rat eq i OS - -

J 
SC’ I cot i’d wh i d~ t ook into accoun t fleet ope’ t a t  on5e I anti Ft ect t4tde nit i ~ at b i t

Pt-eq ram t eq ut  t-en~’n t it , ~~~~‘ c -c des I qnt’d to in~ t o e ’ c I .tss mate’ ti at cond t on •
Ef fect I veness and resource requ i ements we nt ’ t h e n  ~‘a I oul at ed t o t  both I he - I
currt’nt ant i  PE X’ Pi’og ram s It  at eq t c -s .

I ~ ‘as ured and p n~ ~~t’ e’t e’ti ~ I ass material coitd It  t on  , c I t o  ~ i veness , anti
resource requirements went’ con~-.arat l ye’ ly a n a lv : e ’d t o t  both c u rt  cut and

I PE~V main tenan  cc ’ st r  at eq i eit , and (‘onCi us i otts we re’ drawn t c ’ tat t Vt’ to the
bene fit s of Implemen t int1 the’ PEOC Program. Pt ann i nt~ and enq I net’ ci nq
tt ’qu i renmnt s to  deve’ 1 op the’ program we~ ce’ i dent it I ed , with associ at eel

I 
budgetary est t mat c’s • ant i  a Plan .at Act ion .end Mi 1 est ones was to rmu l a t  ci .
Final ly • the conclusions of the In it I at ion St ucty we’ re’ &it’ve’ 1 ciped , t oqt ’t hen
with rt-’coimnendat ions conct’ nil nq pt-eq r~vn i mpl emeict at ion .

I
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SECTION THREE

RESULTS

3.1 CURRENT SHIP STATUS ASSESSMEN T

3.1.1 Current Ship Maintenance Strategies

Maintenance strategies, as such , are seldom suf f i ciently defined and
documented to permit quantitative specifications of the amount of main-

• tenance to be per fo rmed at each level of repair ( IJDR) by each method of
repair (MOR) or on the basis of each timing of repair ( 1VR) for ind ividua l
ship classes. Instead , information on maintenance strateqies must be
collected and cor rela ted from various Navy sources - maintenance data
files, class maintenance managers, fleet opera tional records , provisioning
documentation, etc. This was the method used to determine the maintenance
strategies for the LST—l179 and LPD—4 classes. Inspection of maintenance
histories and data, con~ i1ation of operational assignme nts , review of
provisioning technical documentation, and discussions wi th the NAVSEA Shi p
Logistic Division and PERA (ASC) personnel all confirm that the majority of
the maintenance during the operating cycle is performed at the organiza-
tional level, utilizing piece-part replacement on a periodic basis. Except
for some electronic equipment , very little modular/subassembly replacement
has been perfo rmed. No rotable pool replacement program has been in effect
except for special “ turn-around” programs (such as those for qun sights ,
communication an tennas , etc.).

The current maintenance strategy for the LHA— ] class , l ike that for
the LST-1179 and LPD—4 classes , is not well defi ned and documented , although

the shipbu i lde r ’s ciesiqned maintenance strategy is well documented. In
addition to the information from maintenance histories and data , pro-
visioning technica l documentation , and NAVSEA Ship Loqistic Division and
PE RA (A SC) pe r sonne l , the LHA Plans For Maintenan ce (PFMs) were reviewed
to provide insiqht into the planned main tenan ce s t ra tegy . These docu-
ments , developed during ship construction , analyze the maintenance require-
ments for  most of the shi p’s mission—critical equipment and assign the
LOR, MOR , and TOR for each. These various information sources confirm

* that the majority of the maintenance during the operating cycle is per-
formed at the organizational level, utilizing piece—part replacement on a

• periodic basis. Very little modular or subassembly replacement is per—
formed except on some electronic equipment. No rotable pool replacements
have been specified nor anticipated except for special “turn—around”
programs .

•3- 1
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3.1.2 Current Shi p Material arndition

An import ant aspect of this study is the assessment of present ship
material condition achieved by using the current ship maintenance strategy.
A 9)od measure of the success of a maintenance strategy is the resulting
material condition of the ship ’s equipment and systems. Material condition
was determined through analysis of suitable material condition indicators.
Three measures of material condition were defined and used:

• Maintenance Data System (MDS) Factor - A Maintenance Data System
Factor summarizes the fol lowing indicators of materi al condition:

S• Ship’s Force parts dollars

•• Ship’s Force man-hours

•• Intermediate Maintenance Activity man •hours

:— ~ Number of Ship’s Force labor transactions

• Material Condition Readiness Index (MCRI) Factor - This factor
provides an indicator of the severity of failures by EIC. The
MCRI is published in the CASREP Material Condition Index Report.
This index is a mathematical product of three indicators that
h ave a bearing on the degree of un readiness of ships expe riencing
casualties.

• Additional Maintenance Factors - For the LST-1179 and LPD—4
classes , a third indicator of material condition by EtC is the
amount of depot ma in tenance requi red during the regular ove rhauls

• 
- 

at the end of each operating cycle . The depot level maintenance
man-hours were extracted from ROH SARPs provided by PERA (ASC)
and ave raged by EtC .

For the LHA— l Class, a th i rd indicator of material  condition was
provided by the Negative Man-Hour Di fferential (NMHD). The NMHD
is the excess of Ship ’s Force and IMA man—hours expended on a

• system above design data pro~ected vathes, and was used to evaluate
the accuracy of the projected design values . This indicator was
used to ensure that off-ship dS well as shipboard maintenance
was adequately considered in the identificat ion of maintenance—
critical systems.

3.1.2.1 L.ST-ll79 Class Material Condition

The LST-1179 Class MDS data were analyzed to assess the class material
condition resultinq from use of the current maintenance strategy . Some
283 EICs were identi fled as exceeding one or more of the MDS Factor Indica-
tor Thresholds and , there fore , requi r inq  f u r t h e r  analys is .  In a s imi la r
manner, the MCRI Factors for the various EICs were analy zed , and the t h i r d
±ndicator of material condition, the amoun t of depot level maintenance - by
EIC- during the ROH, was analyzed.

3—2
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I ST— 1179 Class mat er ia l  condi tion  Wa:; evaluated from a review of a ll
material condition indicators, IN SIIRV r e s u l ts  and conunents , the Class

4 (brrect iv e  Action Plan , and cons ideration of the age of  t he  sh ips . ‘t h e
high con sist en cy  In t ho r e s u l t  ;; of the mate ii al condi t Ion i t i d i  cat ot pro-
vides increased con t j denco in conclusions based ott thol i use . Tab ii’ I— I
ranks the most maintenance—ctit ical Etc ’s for  the l.ST— l 179 (‘lass.

Analysis of the  dat  a for  t he  ci ass sh~~ vd app roxl a e ly H pt’ rcen t
of the Etc’s exceeded one or tt~ re s iqni  I i cant’e thresholds. Al thoug h all
these Etc’s experienced a maintenance burden of ~~oim~’ si gmi fi ,-an,-e , t h e
greatest concentra t ion  of  material condit ion dog z adat ion occiti  for  I ‘- - -

few Etc ’s ident I fled as m a i n ten an c e — c r i t i ca l .  W h i l e  the ovt ’ia l  1 cI •-i .,;

material condition appears satis factory from a reVieW of this I c c o t  t ics1
data , these main ten ance—crit i ca l E lf’s significantly a f f e c t  th e mis nitil ;
pt’ r formance ahi ii ty of these sh I i-* and show a need tot at t e n t  i ott  anti
corrective action.

3.1.2.2 l PD— 4 Class Material Co~ditlon

I .I’i~— 4 Class mate i t  .il (\nld it ion was oval ua t od in t he same manuel •
Wa:; that of the l.ST— 1179 Cl as;;. Material conti it ion i n t l  i cit et r e su l t
showed good con:; is ten cy and recorded only slight I y dog raded mat or i a I
cond i t ion  for the groat malori ty of the mot ’ than 4100 class K I C s . t’ 5 t hh ’

~
— I ranks the nt ;; t ma i nt enance— t ’r it i cal t: C:; t ot  the I5PU— 4 Cl ~~~

Analysis of the slat a t o t  t he  I .i’n—4 Clan ; ;  showe d t ha t  •i~ ‘~ I O X  I nit t’ly
B ~‘e rcvnt of t lit ’ F 1 C;; o xct ’odett one or more ni t in t f I can ce I iii t’ stittI tI;; .

• Although a l l  of those  K I t ’:; i ’xpt ’ ri t ’nced a m .iint I ’ f l , I I 1 t ( ’  burden of  nonio ; ; i gu t I—
can~~t , the greatest coneont rat ion t i t  mate Ii .il coitti t  t tin doti t a d O  i ott

oct - I l l S  101 t 11050 few I I  C; ; ident  t f ied a~ mai f lt e n a t i c e — c,  it i cal

— 
Wh 1 le the eve rail ci an:; mate ii a 1 cot is l i  t ion  •ii ’ t s ’ , i s  ea t  i s t act o iv  I ron

• review of data , m a i n t e n an c e— c r  it - i cal i: I Cs ; I t n t  I I catit ly a t - t ccl t lie •ilti l it \

• of t ft ,‘ee ships t o  p’ r f orm the i r miss i o t t ; ;  .ttitl show a need t o t  mai n tvnanc i ’
,it t en t ion. A review of the clan;; n~ tk’ nt I ~~it ion ~‘I an;; i ntl i cat,’;; that a

• fl Ulit t’ i of ~il to rat j ell;; hav~ been t1~ ve loped to solve some Si t ho IIIa ~t

ii maintenance problems. Ht~~~ve r , none of  t he  ci it i cat  El C oqut  pmoitts I S

~~hedtilt ’ti for roplacon~’nt or for ma j ot cent t q i t i  at ion change .

t • 1.2. 1 l.LIA— I Class Material Condi t b i t

The t.I IA — I Cl ass , with a Ii ml ted amoun t of Iii ;; t or i cal dat a •iv . i  i l ,di to
1 anti .t ~~od quantity of des i gn dat  a , ~‘resen t ed  an opt~~rt unity t o ‘n~ta i t ’  • mt i

update design value:; with emp i ri ca dat a. The tI,’;: ign dat  .i WV tV tloctllm’nt ( c 1
In the shipbuilde r ’s P lan;; For Ma I ntenanct ’ (P i- ’Mn ) . The I’l’Mn ideti t i t t he

1 amount of correct  i w’ maintenance  that  can Is’ ,titt I ci pat ,‘tt tot each sit e s f i t
-1 sy:; t o r n  on flit ’ ha;; is of •in t i t a  ly;; i s tit the lirobabl e t’tiul Im~’nt t a i liii ,-~.

t heir frequency , and Mean Time to Ht’pal i (MT’l’R) , a;; I dent t t it’d in the

I Maintenance Engineering Analyst’s (MEAs) that make U~ each P1~~. A
usua l ly  contains In fo rmat ion on inert’ than one Et(’ and , i m it ii I y , sey, ’ I a t
PFMs may apply to each E T C .

II
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E lm a similar manner , the MCRX Factors for the various shipboard systemb
we re analyzed. The third indicator of material condition, ROH informat ion ,
could not be analyzed for the LHA-l Class because no LIlA ship has yet been

I 
overhauled . Instead , a different indicator , the Negative Man-Hour Differen-
tial (NMIID) (defined as that number of man-hours expended on a system in

- excess of the PFM projections) was analyzed. Table 3-1 ranks the most
maintenance—critical PFMs for the LIlA- i Class.

- The limited available historical data for the LHA-1 Class were con-
sidered insufficient to support a valid determination of overall class
material condition. The identified maintenance—critical RICs all have a
direct effect  on the ship ’s ability to perform its mission . Preliminary
indications are that there is serious degradation in these systems ; however ,
comparisons should be made with additional data from other ships of the
class be fo re a fi nal, determination of class material condition is made .
This approach will not only improve the data sample size, but will also
provide a truer class representation with less predominance of the data
by lead ship experience . A review of the class modernization plans m di-
cates that a numbe r of alterations have been developed and others art ’
being contemplated to solve some of the major maintenance problems. None

I
of the critical ETC equipments are scheduled for replacement; h~~ eve r ,
several major configuration changes are being contemplated that could affect
the critical—EIC analyses .

- 3.2 DEFINITION OF PREISIMINARY PEOC PRX~RAM MAINTENANCE STRATE
(~Y

F The data related to identified critical EICs and PFMs were reviewed
in detail to evalua te the e f f ec t s  of revis ing the various elements (Level

- of Repair , Method of Repai r, Timing of Repair/Operating Cycle) of maintc-

J• nance strategy .

Satisfaction of the program objectives required that class 5i v i i l a h i l i tv
be at least main ta ined  wi th  imp rovement :; h i q h ly  slo;;irablt’. The 1es’lim inary

F PEOC maintenance st rategy must , there fore , be defined with ful l consi sltt a--

- 
tion of associated operati onal requirements and thei r effects.-

F Current operational and overhaul schedules provide tt re ference I ranie—
work to use In cons ider inq possible schedul intl revision:; wi t h i  it  the ? PF ~t h ’

- maintenance s t ra teg ies. Conside rable p l a n n i ng  li ,t ;; t tt ’t ’ii done and schedul log
re l at ionships are def ined  wi th in  ‘FYCOM s c h e d u l i ng  t emp lat es . There fo re’ ,

I th is  study concluded that  i t  was h igh l y  desirable to liSt’ e x i s tin g  schedul-
ing templates while maintaining or reducing ship ’;; time devoted to pie-
overhaul , ROB , and post—ove rhaul activities . An opti ifltfl i method of achieving

I 
both of these aims was to consider a formulation of cyclt ;. . ontaininq
increased numbers of deployments. Possible alternatives ronristinq of 1 , 4,
and 5 deployments were considered and .1 three-deployment cycle seemed
j u s t i f i e d  by ex is t ing  data.
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It shoul d be noted that the maintenance strateqics developed dur ing
the Initiation Phase are pre l iminary. Final d e f i n i t i o n  of PEOC maintenance
strategies will occur in the Development Ph ase after results of detailed
engineering analysis have been obtained. The preliminary PEOC maintenance
strategies are accurate and in enough detail to permit a valid comparison
of the relative effect iveness  and resource requirements of the current and
preliminary PEOC maintenance strategies ,

3.2.1 Sumea ry of PEOC Maintenance Strate~~es

The proposed maintenance strategy for the classes of the PEOC Program
retains much of the current strategy and is designed to blend w i t h  the
current notional operatinq cycles In orde t to create the least amount of
disruption to the Fleet and Type (bmman der during imp lementation. The
emphasis of the proposed strategy is to provide an organization capable of
accon~)lish ing , evaluat ing , and up—dating t1~e reliability-centered mainte-
nance requ i rements for each sh i p  c’l.tss throughout  the ope ra t ing  cycle.
These req ui rements wil l be initially determined by system maintenance
analyses ( SMAs ) pe r fo rmed d u r i n g  the Development Phase a! the PF(X~ Program.
The key elements of the p roposed s t ra tegy , wh i ch is designed to support a
three—deployment operatinq cyt’le , ar e:

• Increased use of o f f — s h i p  m a i i i t t ’n . t n c e ’ m5uiaej emt ’nt . A main t h ru st
of the PEOC Program is the  enq i in ’e ’r t ’e i  approach to i d e ’t t t  i fy and
meet the maintenance r e q u i r em en t s  t e r  the ’ LS T— 1l79 , L. P t ) — 4 , and
LIlA— I classes . The in—depth  de ta i l ed  cnq ineer inq  analyses conducted
dur inq  the flew lopment Ptta;;t’, t h e ’  System M a i n t  t ’i ta i i c , ’  A i t a  l y~ t ’;;
provide the tool to dew iop t h is  e ’n t i i i t t ’t ’r ed  pn~gi am of main tenan ce .
This e f fo rt adds considerably  to the knowledge’ and undc rs t . ind inq
of the class ma intt ’rtaiit ’s’ re’qui rements whi L i ’  p r o v i d i ng  adt’siuat i’
p l a n n i n g  and enqince r i n g  I n t or m at  ion i-c pe rmit  m o l e ’  cost —e ’ [feet  i vu
use of addit tonal o f f — s h i  p (as w e l l  .i: ; shi pboard) mai nt  , ‘ i i, H ) t ’t ’

resources .

• The establishment of a PEOC Program f u n c t ion al  org an i z a t i o n  to
provide for the e f f ect i v e  p lanning , coordination , i ’va lu at ion ,
upda t ing , and con t inu i ty  of the ’ PEOC maintenan ce s t rat e g y . This
organizatio~t will include the following:

PEOC Program Office
Dedicated PEOC TYCOM Staff Elements
PEOC Central Technica l Group
PEOC Site Teams

I
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F • A pre—EOC ove rhaul , ot approximately 10 to 12 months duration, t o
realize an early improvement in shi p matc i ia l condit ion , and to
facilitate structured planning and accomplishment of class maiiite’-
nance.

- • The use of a Selected Rest ri oted A v a i l a b i l i t y  or planned i n d u s t r i a l
maintenance pe riod of approximately s i x  weeks du ra t i on  between the

I — ship deployments for the accomplishment of i- equ i i -ed maintenance
on critical systems and l im i ted  a l t e ra tions . These periods art ’
necessary to prevent t he maintenance burden on the ’ mal nt t ?nan l ’e—
critical systems from bu i ld ing  t o  the 1xilnt whe i t ’ the ma te’iial

I. condition and avai lability of  the ships is degraded.

• P~ di f i  cation of current two— dt~p loyment opt ’ rat i ng ~ p t ’l c’s I 0 t It i e’ e ’—

F deployment cycles. The’ i mprovements i n  class mate t t , i l  cond i t ion

• resultincj from more cost—t’ffe’t ’t lvi’ use ot  shipboard and o f f — s h i p
maintenance resources enables these ships to include a t h i rd

F deployment w i t h i n  the ope rat in q  cycle’ . This step siqn it ic~uitIy
improves class operational avai l a b i l i t y  and permits better realiza-
tion of the potent ial  b e n e f i ts  ava i lab le  f rom increased u t i li z at i on
of o f f - s h ip main tenance  man agement .

-. The contained e f f ec t  of these’ eleim’nts is  improve d mat e’ i i al (‘011(1% t ion
combined with increased operat ional availability for the LST— l 179 , t.PD— 4 ,

I - and LHA- l classes .

3 . 3 (X)MP ARAT IVE ANALY SIS BETWEEN (‘URR1*4T STRATEGY AND P R E I . L M I N A R Y  PROC

I
J_ 3 . 1.1 Effec t iveness  Compatison

I~ o interrelated me asures of a v a il ab i l i t y  we it ’  used to qu,-int I fy the
e f fec t i veness of maintenance  st t at e ’q it ’s ;  sh ip  avail ability and Ships

J Available for Operat i on (SAF ’O ) . Ship  avc* i l a b i l i t y  is that Ii act ion ot

* the ove rall cycle a sh i p  is ci t h o r  f u l l y or sultst a n t i  a l ly  ready t~~ pci t o r m
its primary mission. SAF’O describes the total n umbe r ot sh i ps  ot a
that may be expected to be opera t ional  5it any given  t i m e .

Table I—? compares ava il abi 11 t-y and SA1’O t es et i  t i nei from the cur ren t
atrateqy and projected PROC Pr oqr am and rThc’ws i-lie pi’ l eent of  i it t ’i t ’ascs ;
predicted for the  pro lect  i’d t’I ’~X ’ Prue~ ram . For :‘ut~’osi’s u t this stud4’ , t i tc ’

20—year period of comparison commences on wmDle’tlon ot  overhaul (r e a u lat
or pre—BOC) . Table 3— 2 indicate ’s  that both a v a i l a b i l i t y  and iSAt’ (i w i l lI- increase in e ffectiveness, with the LilA-i Class showinq the qreatest

5 improvement In both categor ies .

LI
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T,bJ~ 1-2. EFFI’CT IVRN i-SS COMPARISON

Ava i l ab i l it y  Ships Ava ila b le t o E  Ope rat ion

W untha t ProjectedPe rcent , - , PercentClass Current PtOC of ships t urrent F’~XX’Incre ase - Incre’aseProq tarn in Cl ass Peogram

LS’r-lll9 0.65 1 0.b95 6. 8 20 13.0  13.9 6. ’)

t.Pt)-4 0.623 0.66~) 7 .4 12 7 .5  8.0 6 .7

LHA-l 0. 584 0 .633 8.4 5 2 .9 3 .2  10. 3

3.3.2 ~~source Coii~ ari~2n

Study results show that ship availability incre’ases under the PROC
Program with an attendant slight increase in support cost . A comparison
of the current and t he PEOC Program resource requirements on the basis of
two measures that combine availability and cost was made. The first
measure is the cost to support a StIFf) OVO t 2() years. Table’ 3—3 shows that

— under the preliminary PROC mainte nance strateqie’s , the cost t o  support
a SAFt) over  20 years is t ’ssent ia l l y unch anged for the L~T—ll 79 Class, and
decrease’s by 10. 2 percent  for  t h e ’  LP D—4 (‘las s , and 6 .0  percent for the L H A—l - -~

Class . For the same period , total cost increased by 7. 3 Pt ’ rct ’flt f o r  t h e
LST—1179 Cl ass . 3.8 pe r cent for the L IL A—I Class , but decreased by 4.3
percent tor t h e ’  t,PLt— 4 Class.

rd bl. 1— i . cosT ~o st ’t t’ssT ,~ sIi~ p ,~vAu ,M u: FOR OI’I RATiON

20— Ye’ ,. r
Unit 20—y ear t.’l,,, ,s .‘5 v ’.n :;ii I’~ To ~~~ ~~— s~ep~~~e t  L ’ ,,l

SuPr’Ort c o t  Set 
~~~~~ 

C t ~~n t  a St , ’ i- ’ Per sra-~’
(ki1Ieon~e ol 1:-I t ~t toto. etC t~’i,’C.i * It’ll ( M i i t t ~ ’te ~. ,‘i

Shi p Class i)o l 1~~t ’~) 
— 

LIol l a t s )  (SA ? , i)  Do) I,t t ~.t

!:S’T’ li p ’ )

Cur ren t 51.7 1 , 153 .2 13. 0 811 .1

psoc I’eoy ra * 61.8 1 , 237 , 3  ) 3 . ’) 89 .0

I.PD- 4
Current 89.2 1 ,070.4 7.5 142.7

P8OC Program 85.4 1,024.8 8.0 128.)

I RA— I

Current 172.0 860.0 2.9 2% .6

1’SOC Program 178.~. 893 .1 3.2 379.0

3—8
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The second measure , which also c~~bines cost and availability , ii ; the
cost to obtain an equivalent SAF() as ptojectcd for the PROC Program .
Tab le 1-4 shows the additional costs , unde r the current s t ra tegy,  of
delivering an equivalent SAFO to that calcul ated for the projected PROC

I Program. Navy Resource Model (NARM ) FY 1979 values were used to obtain
20—year direct operating costs per shi p ,  and the historical average
acquisition cost for each class was inflated to FY 1979 dollars to ob-
tain the assumed construction costs per ship.

‘5

• r~bl~’ 1—4 . COST 0)” OI4TAININ~ pJs)I’rION,u, Sill i’:; AVA I 1J1141.F t’IJK oI ’KIIATION S

• - - UN1)) ’~H ( ‘LlRRt~NT STK!tTtl Y

( a )  (t i )  Ic)
.‘t t —  ~

•t’ .Il

I • Mdi t i ona 1 It i t  -i A~tsurned T ’FAI —
~s. Avac [altEc ’ ope’rat I itq ce tr i s t  i uict ott ( a )  (b • c)

— For Ope’t a— New ( ‘o- ’t t S I t t j ’  Cost ‘S l i t
at ion ~ tinder : ; ? i i ~~s~ (Mi II I , ’n .~ ,‘i ( M i l l  t i n s.  , ‘ I  ( M i l l  t o m  of

~~~~ 
p~op-arn N,-~’, It” 1 t~

, l Ia, ) I~ ’I l a m  ~) I m o l l a m  s )

LST— Ill’ ) e m ,  1 . 1  l Oi% .s -1 1 .‘.‘ ‘ . ‘I

LPD— 4 ~~~~ i t . 0 lH.’. l )ft , .$

LH A— l 0. 1 ii . ’ , 1 1 4 . 0 ‘~s : 4

a .

*Exclitdinq fuel c tss t  a

Table 3—5 presents the results of direct cost comparison for all three
- classes. Cost savings under the’ PROC P rogram are accompanied by speci f i c

and general impr ovements  in cl.iss material condition resulting from pre-’—ROC
• • Ove rh auls anti increased enginee red m a i n t en an c e  of class requirements .  The

identification and p l a n n i ng  of maint enance  to reduce and prevent degraded
material condition w i l l  produce a h igh er  mat e’ rial t e a c h  ness con d i t i o n  for
these classes than i s  currently being experienced. t ’ t m e ’  freq uen t ,Iccess to
depot level repair f acil i t i e s  unde r the PF~x’ Program not on ly  permits closet

• schedul ing of class maintenance  m e q u i  rements,  hut al so  permits more rapid
correction of si gnifican t emergent repair needs.

1:
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Fa b le ’ i— ’t . TtYI’AL. COSTS TO uI4’rAIN AND i’taev 1(11- ’ l-: 1 ’ jV l ~~,[:NT ~; ‘o ’e t

Udaii 2 0— Added Costs ‘rotal C ’Uat

Year Support (or Kqc tiv a— tot  I-~i)u iv a— I S i S ’ Pr oq r ajn
Cost le ’utt SfrJ”() li’nt SAFC) Say ti e; - .

SAl-cl  (Mill i,~~e - ~ ot (Millions of ( M i l l  cots, ot (Mill
Ship Class ( r t a a l  ) Dot lam a) tkt [ la~ s)__— L t c t L j ~~ L s )  Dul lais) 

- -—
LST-1179

Cur rent It . ‘I I , E ’ , I .  2 2 2e~ . ‘) I tHu . 1

~PEOC L-r oq r anc 1 ) . ’) 1 , 2 1 1 , I — — -  1 , 21 7 . 142.8

p;:-
~
-
~~

- -

I Cur rent 8.0 I • 0 10 .4  21 “ .0 1 , 2lI ’ ‘~~~ IP EC)C Proqrarn 8 .()  1 , 024 .8  1 , 024 .0 
f _~~t .t _ _ _ ~__j

- 
- current i.2 8(iO.0 448 .2 1 , 308..’ I 

P)’X)C Pr X)rarn m . it’t .’ . 7 8’) .’ . 7 4 15 .

3.3.3 PROC Pr~~~~m FeasIbility

The con~ arison of the effect i veness and resource ’ requ l rement ii c i t  thi ’
current and p r e l i m i n a r y  PROC maintenance st r a to q ie s  shows t h a t  the ( - S c ’)  im—
m ary PEOC maintenance strategies provide better than 7 (‘e ’rr ~ l1t improvement
in overall avai lability and SAF’O val ues . The cost to o b t a i n  and suppo rt
equival~ n’t’SArO values unde r the c u r r e n t  s t rategy t o tal s  $818. ’) million
more than comparable costs using the pre l iminary  PROC maintenance  st i a t e q  i t ’S.
These gains are ach i eved from 3—deploym ent p r e l im i n a r y  PROc strategies and
would , of course , i mprove even more should detailed enqineeminq analysis
support a greate r n umbe r of deployments per cycle.

The engineered maintenance of the PROC Program produces th i s  i f l c t t ’,tst ’~l
availabili ty over a 20—year period wi th  an improved mate r i a l  c o n d i tio n
resulting i n i t i a l l y  from the pre-EOC ove rhauls , and throughout th is  per iod
from data analysis  and eng ineer ing analysis  to improve the i d e n t i f i ca t i o n
and scheduling of class requirements.

The additional costs of $70. 6 m i l l i o n  above current  main tenance ’  s t ra-
tegy requirements ove r the 20-year period w i l l  produce appreciable gains
in availability and material condition over the remaining life of these
ships.

The results of this study ind i cate’ that the’ i’~~’him inaty I’EOC Pro gram
maintenance strategies are feasib le and that they are more e ’t  fc t t iv e ’  and
economical than the current maintenance s t u a t e q m e C .

I
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3.4 PROC PI~DGRAM DEVEWPM~~T

In order to realize the benefits of the PEOC Program, a number of
planning and eng ineering ef fo rts are required during the development of
the program.

N

3.4.1 Engineering Requi rements

Upon approval of the preliminary PROC maintenance strategy, the
necessary engineering studies , ma intenance plans, material condition
assessment procedures, and evaluation processes required to convert this

• strategy into a viable program must be determined. These studies and
analyses will resul t in documents that detail the steps for the effective
development and implementation of the PROC Program.

The engineering studies , schedules, and evaluation processes required
to be developed for the PROC Proqram are :

• Critical Equipments/Systems List

-~ - - Projected Class Configuration
• - • Sys tem Maintenance Analyses (SMAs)

• Pre-EOC Overhaul Requi rements

Class Ma intenance and Modernization Plans

Material Condition Assessment ( MCA) Procedures
Post—Overhaul Ana lys i s  Program

• Program Effectiveness Procedures

3.4.2 Planning Req~ii rements

The guidance necessary for the execution of the  PEOC Program is
provided by the managers of the program and their support organizations. 

- -

Planning for the program is documented in a Management Plan and u t  a PEOC
Program Plan.

-‘ The Management Plan provides the prima ry program guidance by speci f y i ng
the program objectives, the responsible organizations , and the process
by wh ich the program w ill develop and be implemented. The PROC Proqram
Office , administers primary guidance in the development and implementation
of tne program through the manaqement plan. Fleet support and coordina-
tion is nrovided by TYCOM staff elements , field Site Teams , and a
Central Technical ~~oup.

I
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The PEOC Program Plan is the program master plan which contains several
Development Phase documents, including the Program Management Plan, to be
used dur ing the implementation of the program. Additionally the PEOC
Program Plan serves to guide the transition of the program from the Develop-
ment to the Implementation Phase.

3.4.3 Resource Requirements

The resources required to develop and implement the PEOC Proqram were
estimated in order to provide the information required for preparation of
POM inputs. Program personnel requirements were identified and summarized
by organization. Organizational support costs were then estimated and
summarized to determine the program development and implementation costs.

Table 3-6 presents a preliminary PEOC Program FYDP Planning Budget.

3.4.4 Milestones and Schedule

The milestones for ini tiating, developing, and implementing the
Amphibious Engineered Operating cycle Program are presented in Table 3-7
with the proposed dates for their commencement or completion.

These milestones contain a phased schedule for developing and impie-
menting the PEOC Program on a class basis. This phasing spreads out the
engineering workload for the program and facilitates the completion of
detailed engineering analyses prior to Pre-EOC overhauls .

3—12
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Table’ 3-7 . PEOC Program Milestones

1. Start program Initiation Phase. 1 Oct 77

2. Start program initiation study. 1 Oct 77

3. Ccmplete program initiation study 1 Jun 78

4. Start NAVSEA/OPNAV review of program initiation study. 1 Jun 78

5. Star t development of critical equipments/systems list for LHA—]. Class. 1 Jun 78

6. Start development of projected class configuration for l.HA-1 Class. 1 Jun 78

‘7 . Start eng ineering analysis of cri t ical systems for LHA-l Class. 1 Jun 78

8. Start program Development Phase for LIIA-l Class. 1 Jun 78

9. Start development of critical equipments/systems list for LST—l179 Class. 1 Jun 78

10. Start development of projected class configuration for LST—1l79 Class. 1 Jun 78

11. Complete development of cri tical equipments/systems list for T.HA—l Class. 1 Oct 78

12. Complete development of projected class configuration for I..HA— l Class. 1 Oct 78

13. Complete development of cri tical equipments/system s list for LST—ll79 1 Oct 78
Class.

14. Complete development of projected class configura tion for LEA—i Class . 1 Oct 78

15. Complete program Initiation phase. 1 Oct 78

16. Enter resource requirements in Navy Pc14. 1 Oct 78

17. Complete initiation study review. Establish Amphibious EOC Program . 1 Oct 78

18. Start prog ram Development Phase for LST-ll79 Class . 1 Oct 78

19. Start development of BOH SARP for LS’l’—1179 Class . 1 Oct 78

20. Start engineering analysis of cri tical systems for LST-1179 Class. 1 Oct 78

21. Start development of class maintenance plan for LHA- i Class. 1 Oct 78

22. Start development of class maintenance plan for LST—1179 Class. 1 Oct 78

23. Start development of program mangement plan. 1 OCt 78

24. Start development of critical equipments/systems list for LPD-4 Class. 1 Oct 78

25. Start development of projected class configuration for LPD—4 Class. 1 Oct 78

26. Complete development of critical equipments/system s list for LPD-4 Class. 1 A~-r 7 *

27. Complete development of projected class c o n f i g u r a t i o n  for LPD— 4 Class. I A s -c  79

28. Start program Development Phase for LPD-4 Class . 1 A~’~ 79 4

29. Complete preliminary class BOH requirements for LST-1179 Class. 1 Apr 79

30. Start development of BOH SAPP for LPD—4 Class. 1 Apr 79

31. Start engineering analysis of c r i t i cal systems f or ~PD—4 Class . 1 Apr 79

32. Start development of class maintenance p lan for LPD-4 Cla ss. 1 Apr 79

33 . Start development of ship class material condition basel ine and ma terial 1 Apr 79
condition monitoring/assessment procedures for LEA-I Class.

34. Start development of Ship class material condition baseline and material 1 Apr 79
condition monitoring/assessment procedures for LST—1i79 Class.

35. Start BOH planning (A—lS) for LHA— l Class. 1 Apr 79

36. Start DON planning (A— 18) for LST—l179 Class . 1 Apr 79

37. Start development of prog ram effectiveness assessment procedures. 1 Jul 79

(con t inued )
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- SECTION FOUR

a . .

CONCLUSIONS P*ND RECOMMENDATIONS

I:
a -

4.1 CONCLUSIONS

Conclusions drawn from the analyses conducted during the Auçhibious
Engineered Operating Cycle Initiation Study were based on maintenance
data and other data sources,. identified in the study. Ample historical

- 
data existed (and w~tre used) for the LST-1l79 and LPD—4 classes, but 

I 4

design data was used to auqment LHA—l class historical data because of
limited operating experience for this class. The conclusions of this

• study are based on the average experience of the individual sh ips of each
ship class investigated.

- , The followinq conclusions were reached as a result of this study :

• - . Adoption of a revised maintenance strategy for the proposed classes
of amph ibious ships will assist in maintaining their combat
readiness at an acceptable cost and will maintain or increase their
peacetime operational availability.

. Maintenance—critical systems were identified with a high degree
of correlation amonq all the material condition indicators

- investigated. These identified maintenance—critical systems have
underscored the need for  revised or alternative long—range class
maintenance strategies for the LST— l1.79 , LPD—4 , and LHA-l classes
of amphibious ships.

Analyses of maintenance-critical systems reveal the desirability of
revisions co the Timing of Repair and the Operating Cycle elements
of maintenance strateqy to offer the highest potential for improving

- 
maintenance strategy .

I - Early improvement in material condition can best be obtained
through a pre-EOC overhaul. The pre-EOC overhaul should be
considered a prerequisite for a ship’s entering an Engineered
Operating Cycle.

- - S  a
1. 4—1
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Ships in the PROC P roqrant will maintain an improved leve l  ut

material condition . Planned actions to provide thi:; inhllIOVt’IWllt
inclu de :

Continuing identification , analyses and monitoring of m IiilteI ).1111 t ’
and miss ion critical t ’quipn~~nts  in  ordi’, to plan and i -o l1oct
pret, lems p r io r  to t ;u i lure or unacceptable deqra.iat i ott .

. - Scheduling of required main tenance , based on ci .es;S .t~; we’ i i  .p :

individual ship oxpe rience and t rendi - -

Shorter inte rvals between sdtcduled depot av ai lahi lit ion loi
shi pl; because SRAs arc planned between ,lvo rha(I1 (4 .  ‘ h I t s  al l O W S

correction of  major  prc*-*lems earl icr.

. . St ronq emphasis on the completion of re i i  ,th i l i t  y and m,ai itt .*i U~I~
bi I it .y al ter a t i o n s  • m u  t i a! ly during tite pro—I~0(’ o’vorh.atil •
.i~; they are i dent i t’ied dur i n j  tite’ ope rat  i nq cycle .

The preliminary PROC Program ma j u t  e ’n .in~’e’ (it 1,1 t eq ~ ‘~~; t o i  t h e
l.ST— 1179 , 1.PD— 4 and 1.H1~— I ( ‘1 a(4 ~1 ”s I ’ll i i  for ma I nt en .Thce’ p*’t formed
on .1 periGdi c (or i~chcdu1 ed) basi ; . The most “ t loot i VI’ O~4o1 at i t ’Ci i . l  I
cycle is ono w i t h  3—d e p loyme n ts por t’yt~lt ’ , w i t h  two i x—wee ’k
selected R e s t r ic t e d  l lv a i l ab i l i t *o I ;  per cycle.

The pro 1 iminary  PKO(’ ma j ut  ( ‘(( .mc’ ’ st at cq 1 t ’~ ; , I ( ~~’ p ~~~ t ( ‘( ‘1 051 to pi t4 V 4.11’

the fol lowing bone f i t s  1)4.9 ’ d 2 0— ye a r  p1’ i 414,1. ‘l’lloIu’ beno t i t  4 :  I0

in addition t o  .in ~I I ’I )( cci  .lbl 0 iml)rovement in mat ( ‘ I  4 411 01 1441 i t  ( 4 ( 1.

Increase in
I ItC1.( ’~t(4e S.iv i 119(4 1 COt

Incr ease  in Available fo r  i i i  Total Fe 1u iva  101(1
P~vai l a bi l i t y  OIler .tt ( 4411 (‘ost

Class (percent (pt ’rcout ) (Per cent )  ( M i  l i i  COtS ;

LilA— I 8.4 10 . 3 3 .8

7 .4  h . 7 ( 4.  l)~~ ~~~~~~

LST— 1 1 79 6 .8 i .9 7. 3 14. ’ .8

* ( ) shows a (l(’ l’ l t ’ ,lSl.’ in cost .

‘l’lw PE~X ’ Pi’ o~j ram for the l.t T— 1179 , l,PD— 4 and l ilA — i t ’l ~~~~~~~~~~~~~ s ’t
ship ; is foa;ib lc  and j’io ~cct ~ s1 to 19’ 11 ,4111  opo t .11 l ona l l y . i ls i

cost effective . 1’he bone f i t s  o1 the program .-t r( ’ ‘1 t~~~.t t  ~‘st t . ‘ t

the l ilA— i (‘1 .47411 and near ly  eq ~ii Va lent fo 1 the i l’n—4 ~1 es;,; .
l.ST—1 179 (‘lass cost benefi ts at’ ’ l4 ’IiI i  , however , the ’ m a t o  i . i i
condit ion intprovt’ment s~ ,‘It I ’ appl’k’’.’i ab ‘to.

4-2 
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4.2 ~~ COtQ4ENDATION S

On the basis of the study conclusions, the following reconmiendations
are offered:

• Develop and implement the PEOC Program for the LHA-l, LPD-4
and LST-1179 classes of amphibious ships in general accordance
with the results of this study. A Plan of Action and Milestones

I is a part of this study.

Establish as the initial goal of the PROC Program, three deployments

I between shipyard overhauls for all three classes . However ,
during the Development Phase of the program , an analysis should
be conducted to investigate further extension of the cycle to
include four deployments.

I

I

I
I
I-
I
1
I
I a
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