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ABSTRACT

This thesis examned the application of Reliability
Centered Mai ntenance (RCM in the acquisition of the Marine
Cor ps’ Advanced Anphi bi ous Assault Vehicle (AAAV). RCM i s
referred to throughout various service and DoD w de
references, but in the absence of specific guidance on how
to apply RCM to an acquisition, the AAAV program provi ded a
uni que opportunity to analyze key decisions and results.
The research included an exam nation of the RCM process to
include RCM training provided on site at the AAAV program
a review of pertinent program docunents, interviews wth
program representatives, and an analysis of the critical
decision to utilize the RCM process. The key findings of
the research effort concluded that when RCM is applied to
an acquisition with program comritnent, the program wll
gain a greater, nmore focused understanding of the system
and subsystens, than with the traditional Failure Mdes and
Effects Analysis (FMEA) and Failure Mdes, Effects and
Criticality Analysis (FMECA). AAAV also denonstrated that
RCM benefits were broad and not |imted to just maintenance
analysis and that these benefits could be gained at any
stage of the acquisition. This thesis concludes by
recommendi ng that the acquisition comrunity recognize the
benefits and institutionalize RCM into the acquisition
process.
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. 1 NTRODUCTI ON

A BACKGROUND

The Departnment of Defense (DoD) has been under close
scrutiny by Congress over the past two decades because of
its inability to field mpjor defense acquisitions on tine
and wi thin budget [Ref. 1:p. 21]. Previ ous attenpts by DoD
to reform its acquisition process have nmet with limted
success. The attenpt initiated in 1994 strives to reform
the procurenent process by examning every step in the
process and determning if there is a better way to do
busi ness. Sone of the central thenmes to the acquisition
reform initiative include adopting comrercial business
practi ces, use of I nt egrated Pr oduct and process
Devel opnent (IPPD) and Integrated Product Teans (IPTs),
Cost As an Independent Variable (CAIV), and use of
Per f or mance Speci fications Vi ce Mlitary Desi gn

Specifications. [Ref. 2]

In 1996, the Logistics Strategic Plan prepared by the
Deputy Under Secretary of Defense (USD) for Logistics and
pronmul gated by the Deputy USD for Acquisition and
Technol ogy stated that the DoD Logistics System woul d neet
the vision of providing reliable, flexible, cost effective
and pronpt logistics support, information and service to
the warfighter. The DoD is to neet this vision proactively
by making investnents into technology, training, process
reengi neering, and enploying the successful commercial and
governnental practices. [Ref. 3:p. 10] The Departnent's
| atest vision for acquisition was published in DoDD 5000.1
and DoD Instruction 5000.2, effective Cctober 23, 2000.
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[ Ref . 4] These regul ations further direct decision-nmakers
to take all appropriate enabling actions to integrate
acquisition and logistics to ensure a superior product

support process. [Ref. 5]

Program Managers (PM for major defense acquisition
progr ams are ultimately responsi bl e for | ogi stics
managenent activities throughout the system devel opnent
process, in order to ensure the design and acquisition of
cost effective, supportable systens. This includes the
long-term goal of providing the warfighter wth the
necessary support infrastructure to achieve readiness
requirenents. [Ref. 3:p. 28.] PMs have nmany tools
available to assist them in managing their prograns but
there is no substitution for experience. PMs must al so
draw upon the experiences of others to avoid repeating
m st akes. Lessons |earned from successful progranms are
publ i shed so that everyone within the acquisition conunity
can see which initiatives were successful and which ones
were not. This case examines the |essons learned in the
application of Reliability Centered Maintenance (RCM in
the acquisition of the Marine Corps’ Advanced Anphi bious
Assaul t Vehicle (AAAV) program
B. RESEARCH OBJECTI VE

The objective of this research is to examne the
program decision to utilize RCM in the Marine Corps AAAV
program The goal is to determne what inpact this
decision has had on the AAAV program the future
inplications of this decision and to determne if this
decision can benefit other defense acquisition prograns.

The research includes conducting a thorough review of the



RCM process to include actual RCM training provided on site
at the AAAV program a review of pertinent program
docunent s, conducti ng i ntervi ews with program
representatives, and conducting an analysis of the critical

decision to utilize the RCM process.

C. RESEARCH QUESTI ONS

The primary research question is: \Wat have been the
results of applying the RCM process in the acquisition of
the Marine Corps AAAV and what are the reliability
expectations associated wth the further devel opnent,
production and deploynent of the AAAV? The subsidiary
research questions are as foll ows:

VWhat is Reliability Centered Maintenance (RCM ?

What are the current acquisition guidelines for
reliability?

How has the AAAV programutilized RCW?

How mi ght an anal ysis of the AAAV PMO decision to
utilize the RCM be wused in the successful
execution of other DoD acquisition prograns?

D. SCOPE

The scope of this case is limted to determ ni ng what
RCM | essons can be learned from the AAAV. The study wll
anal yze both the RCM process and the application of RCM
made within the PMO
E. METHODOL OGY

The met hodol ogy used in this research consisted of the
followng: (1) a literature search of books, articles and
ot her docunents relating to RCM the federal acquisition
process and the AAAV program (2) a review of available
AAAV  program related mat eri al , and (3) per sonal ,

tel ephonic, and e-mail interviews with personnel assigned

3



to the AAAV PMO, Marine Corps Systenms Command, and Gener al
Dynam cs (the prinme contractor for the AAAV).
F. ORGANI ZATI ON OF THE STUDY

This thesis is organized in the follow ng manner:

Chapter | presents the background and research questions
for the study. Chapter Il exam nes the generic RCM process
and DoD policy on RCM Chapter |1l examnes the

application of RCMto the acquisition of the AAAV. Chapter
| V anal yzes the advantages and di sadvantages of RCM in the
AAAV program Finally, Chapter V contains the concl usions
drawn from the research and recomrendations for actions
that can be taken.



I RELI ABI LI TY CENTERED MAI NTENANCE

A | NTRODUCTI ON

This chapter wll examne the generic RCM process,
whi ch provides one source of innovation in maintenance
managenment that has proven its value in both comrercial and
mlitary applications. RCM has hel ped devel op nanagenent
policies and inprove reliability in a wde variety of
applications through a nethodical approach that ensures an
organi zation’s mai ntenance managenent plan is efficient in
addressing high operational tenpos, fiscal constraints,
per sonnel short ages, scarcity of resour ces, agi ng
equi pnment, safety awareness, and environnental integrity.
RCM has the potential to ensure reliability is accounted
for in our mlitary assets, but there is little reference
to the process in official DoD w de regulations.

B. RCM DEFI NED

RCM is a process used to determ ne what nust be done
to ensure that any physical asset continues to do what its
users want it to do in its present operating context. [Ref.
6] This is a sinple statenent, but contains crucial
changes in the way nmintenance is defined. The RCM process

refocuses thinking in four significant ways:

1. The objective of a successful preventive
mai nt enance program should be to prevent or
mtigate the consequences of failures, not to
prevent the failures thenselves. Failures cannot
be prevented. For exanple, if a wheel bearing on
a car starts nmaking noise (an indication that it
is failing), it's likely that it wll be
repl aced. This does not prevent the failure of
the bearing but instead, avoids the consequences
of the eventual failure. O the nunerous

5



possi bl e failure nbdes on any piece of equipment
or system each has a potentially different
effect on safety, operations, the environnent or
costs. It is this effect or consequence that
should determne what, if any, attention should
be used to address these occurrences. This |eads
to the ultimte mai ntenance nmanagenent concl usion
that if the consequence of a failure does not
adversel y af f ect safety, oper ati ons, t he
environment or costs, then there is no need to
perform any scheduled preventive maintenance at
all.

2. The consequences of a failure will differ
dependi ng on the operating context of the asset.

For exanple, an autonobile that a farnmer uses to
run between his house and his barn (1 mle away)

wi || probably not be subjected too nuch schedul ed
car care since its failure has m nor consequences
(a short walk to the barn). However, if this
same car was going to be used to travel across
the country, the prudent owner will likely invest
the noney and tine to ensure that all reconmrended
mai nt enance be perforned and that the vehicle is
roadworthy prior to such a trip. The consequences
of failure in this context (possibly 2,000 mles
away from honme) are far nore significant than
those in the context of the farner’s car. A
formal review of failure consequences focuses
attention on rmaintenance efforts that avoid
serious consequences and diverts energy away from
those with little or no effect.

3. There is a growing realization that in sone
cases, schedul ed preventive nmamintenance (PM can
actually be detrinmental. Performng certain
tasks causes an otherwi se stable system to be
destabilized and can lead to maintenance-induced
failures. Consider the case of a ball or roller

bearing supporting a drive shaft. An ill-advised
PM service may call for the replacenent of the
bearing at sone interval (say 2 years). Si nce

alrost all bearings follow a conpletely random
failure pattern, the tine-based replacenent of
this bearing in the absence of any failure
i ndi cators provides an opportunity to incorrectly

6



install the “new bearing and arguably throws
away a perfectly good “old” bearing. Al t hough

actuarial data is wvirtually non-existent, it’'s
interesting to note observations of Marine Corps
ground equi pnent over the past 25 years. In

garrison, heavy enphasis is given to ensuring
that all scheduled PM is acconplished precisely
as specified in the applicable technical nanual

In the field and particularly during extended
operati ons however, “scheduled” PM all but falls
by the wayside and at the sane tinme, equipnent
availability and reliability seem to noticeably
I ncrease. The theory is that in garrison, there
is nore opportunity to induce failure by

perform ng schedul ed services. More often than
not, the traditional PM that has not been
val idated by the RCM process will l|ack the focus

of doing the job right. [Ref. 13]

4. The final paradigm change is that instead of
bei ng concerned about what we want a process or
pi ece of equipnent to “be,” we should focus on

what we want it to “do.” In order to achieve
this focus, the functions (or requirenents) for
t he item nust be clearly and preci sely
understood. It is only when the functions (what

the item nust “do”) are fully defined that
functional failures and the specific failure
nodes that cause them can be identified. And it
is only when failure nodes and their effects are
understood that an effective managenent policy
can be established to avoid the consequences of
each failure node.

RCM builds on these sinple ideas to determne
applicable and effective mintenance managenent plans for
each failure. [Ref. 7]

C. RCM BACKGROUND

RCM was devel oped over a period of thirty years, but
was first defined in 1978 by Stan Nowl an and Howard Heap in
a report titled Reliability-Centered Mai nt enance

comm ssioned by the U S. Departnent of Defense (DoD)
7



Since then, and nost notably within the |ast decade, RCM
has attracted considerable attention, both from potentia

users and from consulting firns’ eager to turn those users
into clients. One result has been a confusing abundance of

processes offered by consultants under the name "RCM™
Consequently, nunerous organizations have attenpted to
bring order to this situation by publishing standards for

RCM [Ref. 8]

The first industry to attenpt a detailed exam nation
of the effects of equipnent failure was the aviation
industry. The Air Transport Association chall enged many of
the wdely held beliefs on maintenance and devel oped a new
framework to guide the devel opnent of schedul ed mai nt enance
prograns for new airliners with the goal of ensuring that
all assets continue to perform as its users want themto
perform Al though as the Miintenance Steering Goup 1
(MBSGL) and VG2 (predecessors to VBG3) docunent s
revolutionized the procedures for developing maintenance
prograns for aircraft, their application to other types of
equi pnrent was I|limted by their brevity and specialized
focus. [Ref. 6]

The Nowl an and Heap report revealed the success that
comercial aviation had enjoyed with their revolutionary
approach to schedul ed mai ntenance and DoD hoped to benefit
from this new process. In the md-1980s, the services
published MIlitary Standards and Specifications to guide
contractors in using RCM to devel op nmintenance prograns
for new mlitary equipnent. In June of 1995, the U S.
Secretary of Defense established a new policy, DoD

Instruction 4151.18, to rely on comercial st andar ds

8



instead of the traditional mlitary standards for ngjor
acqui sition prograns. Unfortunately for the Defense
| ogi stics conmunity, there was no conmmercial standard

outside of civil aviation that fully descri bed RCM

In October 1999, the Society of Autonotive ENngineers
(SAE) published the first all-industry conmercial standard
for RCM SAE JA1011, Evaluation Criteria for RCM
Processes, established the mninumcriteria a process nust
include to be called an "RCM' process. [Ref. 9] The SAE
committee chair, Dana Netherton, ensured the standard did
not attenpt to define a specific RCM process, but rather
provided a basis for those interested in ascertaining
whet her conpani es were indeed providing true RCM services.
This is a key point because there are many organizations
that claim to provide RCM services but have taken the
liberty to renove key portions in an attenpt to shortcut
the process to make a quicker profit. Sonme of these
processes may have achieved the same goals, but a few were

count er productive and sone were even dangerous. [Ref. 10]

The mlitary aviation conmmunities were the first DoD
participants to take advantage of the RCM process, since
the original studies were tailored towards conmmerci al
avi ation. RCM wi thin conmercial aviation has evol ved over
the years and the comercial aviation industry and the
Federal Aviation Adm nistration (FAA) know the current
version of RCM as MSG3. Ironically, the RCM process seemns
to have been ignored for nost existing ground nobility
equi pnent (i.e., truck, tanks, tractors etc.) As a result,
i ndustries seeking mninmum effort, inexpensive, quick fix
solutions have been disappointed. Consequently, RCM has



received mixed reviews in its application in genera
i ndustry. [Ref. 11]
D. RCM FUNDANMENTALS

As previously nentioned, the Society of Autonotive
Engi neers published the all-industry comercial standard
for RCM SAE JAl1011 states that in order to be called a
RCM process; it nust obtain satisfactory answers to these
seven questions, which nust be asked in this order:

1. \What are the functions and associ ated desired

standards of performance of the asset in its
present operating context (functions)?

2. In what ways can it fail to fulfill its
functions (functional failures)?

3. \What causes each functional failure (failure
nodes) ?

4, What happens when each failure occurs
(failure effects)?

5. In what way does each failure matter (failure
conseqguences) ?

6. What should be done to predict or prevent
each failure (proactive t asks and t ask
interval s)?

7. What should be done if a suitable proactive
task cannot be found (default actions)? [Ref. 9]

What are the functions and associated performance
standards of the asset in its present operating condition?
Before it is even possible to apply a process used to
determ ne what nust be done to ensure that any physical
asset continues to do whatever its users want it to do in

its present operating context, we need to do two things
10



determine what it’'s users want it to do and ensure that it
is capable of doing what it’s users want to start wth.
[ Ref. 6] This is precisely why the first step in the
process is to define the functions in the proper context
with the desired expectations. This user expectation can
be broken down into primary and secondary functions.
Primary functions would include factors such as speed,
out put, capacity, quality, or custoner service. Secondary
functions m ght I ncl ude safety, control, confort,
efficiency, environnental conpliance and appearance. Users
know t hese functions better than anyone el se does, so it is
essential that they be included in the RCM process fromthe

begi nni ng.

Until a group becones thoroughly versed in the RCM
process, defining functions can take up to one-third of the
total time involved in an anal ysis. This is because for
many, RCMis the first process that forces themto describe
in accurate detail, what they want sonething to do instead
of generically describing what they want it to be. Thi s
part of the RCM process has an added benefit in that; it
brings the team together as they learn as group how the

equi pment actual ly works.

In what ways does the equipnment or system fail to
fulfill its functions? At what point is the loss of
performance unacceptable? These questions force an RCM
group to clearly describe at what point they consider that
t he equi pnent has “failed.” RCM defines this condition as
a “functional failure,” because when one occurs, an asset

cannot performits function to the user’s standard.
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What causes each functional failure? Once functional
failures have been identified, the next step is to try to
identify all of the events (failure nopdes) that are
reasonably likely to cause the failed state. Li kely
failures include those that have occurred on the same or
simlar equipnent while operating in the same context,
failures that are currently being prevented by sone
existing practice (i.e., preventive maintenance) and
failures that have not happened but are real possibilities.
RCM al so considers failure nodes that are thought to be
unlikely, but if they should occur, would have extrenely
serious consequences, such as death or a catastrophic
envi ronment al br each. Most failures are caused by
deterioration, normal wear and tear, human error, and
design fl aws. The key is to be able to identify each
failure in enough detail to be able to put together an
appropriate failure managenent policy. Verbs such as
‘fails’ or ‘breaks’ or ‘malfunctions’ are too generic in
nmost cases to develop an effective managenent sol ution;
t herefore, RCM suggests that review groups describe failure
nodes with nuch greater precision. This is of extrene
i nportance because in many instances, the effects of a

failure are confused with the node of the failure.

As a result, many nmintenance policies have been

created that manage failure effects instead of failure

nodes. For exanple, consider the case of a geared
hydraulic punp driven by a shaft. Consi der now one
possible failure of the shaft: “shaft shears.” If the
shaft is built to mnimm standards with little or no

safety margin, it is possible that the shaft could shear

due to fatigue. 1In this case, the failure node should read
12



“shaft shears due to fatigue” and it’'s possible that a
managenent policy (i.e., design a stronger shaft, inspect
shaft every XXX hours and replace if worn, reduce |oad on
punp, etc.) based on the operating context of the punp can
be devel oped. However, if the shaft is built to greater,
robust standards, the shaft shearing is much nore likely to
be an effect of sone other failure node (i.e., punp seized,
not or over speed, inproper installation) and any managenent
policy directed at the shaft would be unlikely to avoid the
consequences of the punmp failing.

What happens when each failure occurs? It is
inmportant to describe the effects of each failure node and
in doing so, describe themfully and as if nothing is being
done to predict or prevent the failure. I n describing the
effects, the follow ng questions should be addressed: What
evidence is there that a failure has occurred? I n what
ways does the failure pose a threat to the environnent or
to safety? How does it affect operations or production?

What physical danmage is caused by the failure? Wat nust

be done to repair the failure? If the effects are not
conplete, it is possible that the consequences of the
failure wll be wunderstated and that an inproper and
possi bly deadly nmanagenment policy will ensue.

I n what way does each failure matter? This question
establ i shed the consequences of each failure nbode and is at
the heart of establishing a managenent policy. Si nce not

every possible failure node can realistically be addressed

with the same vigor, the ones that have serious
consequences wll be the ones that we wll go to great
l engths to avoid. One of the strengths of RCM is the
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recognition that the consequences of failures are nore
inportant that their technical characteristics. The real
reason for doing proactive nmaintenance is not to avoid
failures, but to avoid or reduce the consequences of

failure.

The RCM process classifies consequences into one of
five di stinct cat egori es: hi dden failures, safety,
environnmental, operational, and non-operational wth hidden
being viewed as nost inportant and non-operational as the
| east . As a general rule, hidden failures describe the
failure of protective devices that in and of thenselves
have no direct consequence. However, when coupled wth
another failure (a “multiple failure” in RCM terns), the
consequences can be severe. RCM gives these top priorities
because in many instances, the existence of the protective
devices is unknown to the user of the asset. As an exanple
of a hidden failure, consider a low oil pressure shut-off
switch on an engine. |If the engine oil pressure is within
normal limts and the switch is failed, it does not matter.
The only time the failed switch matters is when oi
pressure drops; the nultiple failure. A failure has safety
consequences if it could injure or kill soneone and has
environnmental consequences iif it violates corporate or
gover nnent al envi ronnent al st andar ds. A failure has
operational consequences if it affects output, quality,
service or operating cost and finally, if none of the
former apply, the consequences of the failure is said to be

“non- operational.”

RCM uses the above categories as the framework for

deci si on- maki ng. This helps to shift enphasis away from
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the thought that all failures “matter” and nust be
prevent ed. By focusing maintenance resources on those
failure nodes that matter, energy and resources are not
wasted on those that have little or no effect. This also
forces nmanagers to |ook for innovative ways to nmanage
failure rather than concentrating only on failure
preventi on. Fai l ure managenent can be divided into two
categories, proactive tasks or default actions. Proactive
tasks such as preventive nmaintenance or schedul ed
restoration are performed before the failure happens.
Default actions are considered when a proactive task is not
possi bl e and includes failure finding, redesign, or run to

failure.

What can be done to predict or prevent each failure?
Hi storically, the belief was that the best way to optim ze
equi prent availability was sone type of proactive
mai nt enance on a schedul ed basis. The assunption was that
nost equi pnment operates reliably for a period of time and
then wears out; the assunption that everything has a
“life.” Recent studies, however, have revealed that
equi prrent does not d ways behave as we thought it once did
and that not everything has a life that can be used to
devel op nmmi ntenance policies. As the understanding of how
equi pnent behaves has increased, so has the realization
that in sone cases, the nore often equi pnent is overhaul ed,
the nore likely it is to fail. This is referred to as
introducing infant nortality into an otherwise stable
system [Ref. 12] Wth this in mnd, sone organizations
have chosen to arbitrarily abandon all forns of preventive
mai ntenance, but this can lead to significant failure

consequences. The RCM solution is to exam ne each failure
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node on its own and through a disciplined process,

est abli sh whether or not a proactive task is applicable.

RCM suggests one of three possibilities for proactive
tasks and addresses them in the order of easiest/|east
expensive to nost expensive. The first consideration is
for an ”"on-condition” task. An on-condition task is a
schedul ed check to see if something is giving an indication
or warning that it 1is failing: a noisy bearing, for
exanpl e. If it is indicating immnent failure, corrective
mai nt enance is perfornmed. If it is not, nothing is done
until the next check. In other words, maintenance actions
are based on the condition of the asset. The second
consideration is scheduled restoration and the third is
schedul ed di scard. In these cases, an item is either
restored or discarded at a prescribed interval regardless
of the condition of the “old” item at the tine. Only
conponents that have an “expected life” will fall into a
schedul ed restoration or discard regi ne and RCM establi shes
clear guidelines to decide which is the nobst appropriate
based on the failure node under review Wth that said,
bet ween 75-89% conponents do not have a life and thus,
proacti ve tasks are not technically feasible and schedul ed

mai nt enance can be argued as counterproductive. [Ref. 13]

What if a suitable proactive task cannot be found? |If
a proactive task cannot be found then a default action nust
be consi dered. Default actions include failure finding,
re-desi gn and no schedul ed mai ntenance and are based on the
consequences of the failure node. For exanple, in the case
of hidden failures, if a proactive task cannot be found, or

if a suggested task does not reduce the risk of multiple
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failures to a tolerable level, then a scheduled failure
finding task may be prescribed. Failure finding involves
checking to ensure that the device is still working. In
the case of the low oil pressure switch described earlier

a failure finding task mght involve renmoving the swtch
and checking its operation on a test bench to ensure that
it sent the proper signal when oil pressure was reduced to
a prescribed |evel. If a suitable failure finding task
cannot be found, and the consequences of failure include
either safety or the environment, redesign is conpulsory.
| f the consequences do not af f ect safety or the
environnment, no scheduled nmaintenance is prescribed and
redesign may be desirable. RCM suggests that if a suitable
proactive task cannot be found for any failure node wth
safety and environnental consequences, then redesign is
conmpul sory to prevent or reduce the consequences of the
failure. Nowadays, conpanies cannot afford safety and
environnental m shaps since they come with large nonetary
penalties as well as damaged reputations. If the failure
has either operational or non-operational consequences then
any proposed task nust be economcally justified. If an
econom cal task cannot be found, no schedul ed maintenance

is the default with redesign as an option.

The approach discussed in the previous paragraphs
calls for proactive tasks only when they are suitable for
the specified failures node. This can clearly lead to a
substantial decrease in routine schedul ed workloads. It is
| ogical to reason that the fewer the nunber of schedul ed
tasks, the nore likely it is that the tasks wll all be
properly conpleted. This approach, plus the elimnation of

potentially counterproductive tasks, leads to a nore
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efficient and responsive mintenance program This is an
inportant issue to appreciate. Wen you think about it, in
the traditional approach to devel opi ng mai nt enance
procedures, the requirenments for each asset were assessed
in ternms of technical characteristics wthout consideration
to the consequences of failure. These nmi ntenance
schedul es would then be used as blanket policies for al
other simlar assets regardless of the different operating
contexts and as a result, they led to unnecessary
mai ntenance with a potential to induce nore failures than
t hey prevented. These large nunbers of schedules are
really both a waste of tinme and resources, since they often
achieve far less than was expected, and are sonetines
count erproductive. [Ref. 6]

E. APPLYI NG RCM

There are many references published describing the RCM
process and organizations with |limted funds to invest
m ght be tenpted to sinply read the references and attenpt
to apply the process to “save noney.” Though the RCM
process is seemngly straightforward and sinple to
conprehend, it should not be applied by anyone who has not
been properly trained and nentored. RCM is as nmuch a
scientific di scipline as mechani cal engi neering or
nmedicine. Sinply reading about RCM in a book, attending a
short class on the subject, listening to a speaker describe
the process at a synposium or observing the process being
applied does not ensure that it can be successfully and
effectively applied w thout proper followon training and
nment ori ng. If it were that sinple, then anyone could pick
up a copy of “Gray’s Anatony,” read it from cover to cover
and be instantly qualified to diagnose ailnments, prescribe
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treatment and possibly perform surgery wth no other
training. [Ref. 13]

If RCM is correctly applied, results are quick to
foll ow, however, success is nore likely to cone to those
who thoroughly plan as well as carefully consider how and
by whom the analysis is performed, audited and inplenented.
Meticul ous preparation begins wth defining the scope,
boundari es and objectives of each project, and identifying
a project manager, facilitators and participants by nane.
Addi tional planning includes determning the training for
participants and facilitators, the details for each
nmeeti ng, managenent audits of RCM recomendations, and

deci ding how to i nplement these recommendati ons.

RCM should be first applied to systens where it is
likely to get the biggest return relative to the effort
required to achieve either tangible or intangible benefits.
Tangi bl e benefits i ncl ude greater safety, i mproved
equi pnrent availability and reliability, better product
quality and custoner service, and |lower operating or
mai nt enance costs. I ntangi bl e benefits include a better
under st andi ng of how the equipnment works from the operator
and nmintainer point of view, inproving teamwrk, and
i ncreasi ng norale. Hopefully these systens are self-
evident, but it may be necessary to prioritize the RCM

proj ects before planning each project in detail.

To prioritize and Kkeep the process focused, RCM
utilizes small teans of key personnel called review groups.
These teans are necessary since a single person generally
cannot effectively answer every one of the original seven

questions discussed earlier. The ideal group consists of
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an engi neering supervi sor, craf t sman, oper ati ons
supervi sor, oper at or, ext er nal t echni cal or process
specialist, and is led by a trained facilitator. Each
should have a thorough know edge of the equipnent under
review and an understanding of the RCM process. The idea
is that mnagenent gains access to the know edge and
expertise of each team nenber, while the nenbers thensel ves
gain a greater appreciation for how the asset works. This
teamwork plays an integral part in the overall success of
t he process.

The facilitators are the experts in RCM and thus
ensure the entire process is understood and applied by the
group. Along the way, the facilitator ensures consensus is
reached, commtnent is retained, the process is finished as
intended, and the effort stays on tine. The facilitator
under st ands that the outcone should include schedules to be
per f or med by t he mai nt enance per sonnel , oper ati ng
procedures for the users of the equipnent, and proposals
for one-tinme changes that nust be made to the design of the
equi pnment or the way it is operated. The latter addresses
the situations where the equipnent could not deliver the

desired performance in its current state.

Senior managenent plays the role of auditor and
ensures that the review is sensible and defensible. Thi s
i ncludes an agreenent of both the definition of functions,
performance standards, the identification of failure nodes,
the description of failure effects, the assessnent of
failure consequences and the selection of tasks. Thi s
makes sense since they are ultimately responsible for the

success or failure of the process. Once managenent bl esses
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and approves the review, the changes are docunented for al
to understand and to conply with. This includes changes to
mai ntenance planning and control systens as well as
Standing Operating Procedures (SOPs). Proposals for
nodi fi cati ons are deal t with by t he engi neering
organi zation. [Ref. 6]

F. RCM ACHI EVMENTS

The outconmes of the RCM process are a nmeans to an end.

Specifically, t hey shoul d ful fill t he mai nt enance
expectations discussed earlier in this chapter. RCM
achi eves t hese goal s t hr ough i mproved operating

per f or mance, nore cost effective maintenance, (greater
environnmental and safety integrity, and |onger useful life
of expensive equipnment. It also provides a conprehensive
dat abase, greater notivation anong participants, and better
t eamor k. The major feature of RCMis that it provides a
step-by-step program for tracking all the achievenents at
once while involving everyone who has anything to do wth

t he equi pment in the process.

The RCM process has proven to yield quick results
which translate into tinmely, cost effective change that any
organi zati on could take advantage of. For exanple, if RCM
is applied to a legacy system wth an established
mai nt enance policy, it generally reduces fully devel oped
schedul ed maintenance tasks by between 40-70% reduces
materi al disposal fees by between 30-50% and reduces the
total nunber of maintenance man-hours expended by 35-60%
[ Ref . 14]

Additionally, RCM has been refined to inprove both
clarity and user-friendliness. This allows for the
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principles to be successfully applied by those who are not
highly experienced or academcally trained nmaintenance
managenent experts. It is far nore than a set of
engi neering principles, it 1is designed to enpower and
enhance the skills of the maintainers and users as well as
provi de a foundation for positive organizational change.

G ARGUMENTS AGAI NST RCM

There are a grow ng nunber of consulting organizations
in commercial industry that claim to provide the “best”
reliability centered mai ntenance processes. Many attenpt
to show that their particular process is better than the
ot hers because it is “faster” or “streanlined.” Sone are
sinply watered down versions of Nowl an and Heap’s RCM whil e
others take conpletely different approaches at providing
their clients “better” reliability for less effort and

cost.

Wiile RCM Il has been extrenely successful (it has
been applied in over 1,400 organizations in nore than 40
countries), RCM in general is not always successful. It
has failed in approximately one third of the organizations
where it has been tried, either because the organizations
concerned did not derive the benefits that they hoped to or
the RCM initiative collapsed before it could yield much in
the way of significant results. This does not sound |ike
an exenplary track record but two-thirds success is at
| east as good as, if not better than, the success rate
achieved by mjor organizational change initiatives in
general. [Ref. 8] The key point is that none of the
initiatives failed for t echni cal reasons. W t hout

exception, the initiates failed for organi zati onal reasons.
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One conmon reason for RCM failure was the principal
internal sponsor of the initiative quit the organization or
nmoved to a different position before the new ways of
t hi nki ng enbodi ed in t he RCM process wer e
institutionalized. Anot her common reason was between the
internal sponsor and the consultant; neither could generate
sufficient enthusiasm for the process for it to be applied
in a way that vyielded results. Again, both of these
reasons for failure revolve around people caring whether
the process is a success, but not because of the process
itself. [Ref. 15]

Since nmaintenance nmanagers look mainly at tangible
returns rather than the projected expected returns of
carrying out RCM the tinme it takes to see results is
i mportant. RCM consul tants advertise that, if properly
trained people working under the direction of a skilled
facilitator correctly apply RCM and the project has been
properly planned before it starts, it wusually pays for
itself between two weeks and two nonths. |In sonme cases the
payback period has been neasured in days and sonetinmes one
or two years, but the norm is weeks to nonths. [Ref. 8]
Conpetitive mai ntenance nmanagenent prograns such as Pl anned
Mai nt enance Optim zation (PMX2000) claim that, you wll
have these (hazardous problens) under control in one year,
but if you use RCM it wll take you six years. [Ref. 8]

The facts sinply don’t support this generalization.

There is also the debate that RCM is only worth
applying to high-risk industries such as petrocheni cals,
oil or gas and goes further to suggest that it would be a

waste of tinme to apply RCM to mature plants or equi pnent.
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Once again, the facts do not support this generalization
since there are nunerous exanples in which RCM has led to
successes in small (low risk) contexts as well as mture

establi shed i ndustri es.

The lack of enough precise failure data for an
engi neering analysis may lead interested conpanies to
believe that RCM can not be applied. The reality is that,
nost of the organizations that apply RCM lack precise
historical records about failures and some of the nost
successful users have had none at all. [Ref. 16] RCM is
able to overconme these obstacles by recognizing that nost
of the information needed to conduct a thorough analysis
already exists in the mnds of the operators and
mai ntai ners of the equipnent on a daily basis. RCM is

designed to seek and capture the experiences of these

people in systematic and highly effective fashion. RCM
also recognizes that the information needed to nake
sensible and defensible decisions wll not always be
avai |l abl e. In this case, if the consequences of

uncertainty were too intolerable, then the design or

operation of the process would need to be changed.

Pl anned Mai ntenance Optim zation (PMO seens to be the
greatest conpetition to RCM The problem with PMO is that
it starts not by defining the functions of the asset, which
is specified by SAE JA1011, but starts with the existing
mai nt enance tasks. Users of this approach are then asked
to try to identify the failure node that each task is
supposed to be preventing and then work forward again
through the last three steps of the RCM decision process to

reexam ne the consequences of each failure and hopefully to
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identify a nore cost effective failure managenment policy
This approach is simlar to other energing derivatives of
RCM  These include “Streamlined RCM or “RCM in Reverse”
which are derivations of the Nowlan and Heap RCM that
attenpt to apply only sone of the RCM steps, and “back-fit”
RCM which attenpts to apply the RCM concepts in reverse
[ Ref. 8]

Since we understand the phrase, “tinme is noney,” the
proponents of PMO claim that their process achieves the
sane results as RCM in nuch less tinme. Analysis indicates
that they produce nothing |ike the sane results as RCM but
they contain |ogical or procedural flaws which can increase
risk to an extent that overwhelns any snall advantage they
m ght offer in reduced application costs. By follow ng the
PMO process, conpanies take on the additional risk that any
of the assunptions required nmght be wong and thus the

smal | advantage is ultimtely lost. [Ref. 8]

The bottom line is that the users who are concerned
about the cost effectiveness of the nmaintenance managenent
process they are considering, would be well advised to take
t he same neasures they woul d take when enbarking on the use
of any other new process. Deci de what cost effectiveness
metrics ae inportant, then check the track record of that
process and see what kind of experiences others have wth
it. [Ref. 8]

H. DOD POLI CY ON RCM

The RCM process has been applied to thousands of
organi zations spanning nearly every nmajor field of
endeavor. Though the mlitary is included in a few of the

successes, it is evident in the correspondence from senior
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mlitary |eadership that there has been a ||ack of
aggressiveness in pursuing all opportunities for its
appl i cati on. Besi des overconmi ng cultural change, perverse
incentives, and a |ack of adequate funding, the RCM process
requires det erm ned support from seni or mlitary
| eadership. [Ref. 17]

There is a lot witten on DoD acquisition reform and
in many cases, the buzzword “reliability” can be easily
f ound. The issue is that there are nunerous generalities
that nention how inportant reliability is, but Ilittle
reference as to how to achieve it. Though the scope of
this research does not include the strategies Program
Managers should inplenment to maximze reliability, there
are mlitary exanples in which RCM has acconplished the
sane reliability success that is so prevalent in comercial

i ndustry.

Wth the lack of specific DoD-w de guidance and
regulation on RCM it appears that al | mlitary
applications of the RCM process have been initiated by
proactive individuals who have taken the tinme to learn
about the process and realized its potential in their
organi zation. Each branch of service has had success. The
Navy wutilizes the RCM process to incorporate reliability
into its new procurenents and in-service nmanagenent of
avi ation assets [Ref. 18] as well as its ships’ naintenance
[ Ref. 19]. The Air Force objectives in inplenenting RCM
are to reduce engine related Cost Per Engine Flying Hour
(CPEFH) while continuing to ensure aircraft engines are
safe and reliable. [Ref. 20] The Arny reconmmends RCM
techniques to coordinate mamintainability design efforts
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wi th mai ntenance planning in its acquisition process, [Ref.
21] as well as calls for RCM logic to be used by all
commands and activities to determ ne a naintenance program
for fielded equipnent systens. [Ref. 22] The Coast GCuard
appears to be the first mlitary organization that has
successfully applied RCM to the acquisition of a conplete
asset in the developnent and construction of the USCGC
Heal y. [Ref. 23]

VWile the Marine Corps partially defines RCM in its
Acqui sition Procedure Handbook [Ref. 24], there are no
references to RCM in any other current service specific
orders. Al though Marine acquisitions are guided by
Secretary of the Navy Instructions (SECNAVINST) that
briefly nmention RCM as part of acquisition mintenance
pl anning [Ref. 25] and supportability analysis, [Ref. 26]
RCM is not nmandated in either of these references.
Moreover, RCM has not been incorporated into any USMC
ground program because there are no USMC regulations or
procedures governi ng RCM The Advanced Anphi bi ous Assaul t
Vehi cl e (AAAV) Program Manager’'s decision to apply RCM to
the program has been the result of proactive individuals
guided primarily by initiative and the acknow edgenent of a
successful comercial business practice. In the absence of
specific guidance to the application of RCM to an
acqui sition program AAAV has chosen to apply RCM because
of its trenendous potential as will be exanmined in the

foll owi ng chapter.
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I1'1. RCM APPLI CATI ON | N THE AAAV PROGRAM

A | NTRODUCTI ON

As nentioned in the previous chapter, the Marine Corps
has no specific reference governing the application of
Reliability Centered Mii ntenance (RCM to the maintenance
or acquisition of USMC ground prograns. It is interesting
to note that wthout the initiative of key personnel
involved in the AAAV program RCM would have likely
remai ned unnoti ced. This chapter will introduce the AAAV
program exanm ne the reasons the program chose to utilize
the RCM process, how RCM was applied, the obstacles that
were faced, how these obstacles were overcone, the benefits
realized and finally the |l ong run expectations.

B. ADVANCED AMPHI Bl OUS ASSAULT VEH CLE

The United States Marine Corps’ Advanced Anphi bious
Assault Vehicle (AAAV), under developnent by the Direct
Reporting Program Manager, Advanced Anphibious Assault
(DRPM AAA) and Ceneral Dynam cs Anphi bi ous Systens (GDAMDB)
w Il replace an Anphibious Assault Vehicle (AAV) that was
designed in the late 1960's and subsequently fiel ded by the
Marine Corps in 1972. The AAAV program is the Marine
Cor ps’ nunber one priority ground weapon system acqui sition
program as well as the only ACAT 1D program managed by the
Mar i ne Cor ps. The AAAV will allow the Navy and USMC to

conduct operational maneuver from the sea, |ink maneuver in
ships wth nmaneuver ashore in all types of anphibious
operations, and wll provide a new capability in support of

Expedi ti onary Maneuver Warfare. The AAAV will provide the

capability to transport seventeen conbat | oaded infantrynen
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over the water at speeds in excess of 20 knots, and once
ashore, maneuver cross-country with agility and nobility
equal to or greater than that of the ML Tank. [Ref. 27]

The program began with the Concept Exploration (CE)
phase in August 1988 and in 1996 entered the Program
Definition and R sk Reduction (PDRR) Phase. Duri ng PDRR,
three prototypes were built; each was fully capable of all
nodes of operation. As of this witing, the programis in
t he System Devel opnent and Denonstration (SDD) phase during
which ten second-generation prototypes will be built and
tested. The first AAAVs are expected to be issued to fleet
units in md-2007 and sonme 1013 vehicles wll be built
bet ween then and 2012. [Ref. 28]

C. AAAV PROGRAM CHO CE TO UTI LI ZE RCM

In keeping wth acquisition reform initiatives
pointing to better business practices, and to ensure that
the Marine Corps is delivered a supportable asset wth the
| onest possible life cycle costs, DRPM AAA undertook an
initiative to apply RCM as defined by SAE JA1011 and
initially, chose John Mubray’'s “RCM 117 for the AAAV.
Moubray, Chief Executive of Aladon LLC, was invited to
present a paper on his process at the Departnent of
Def ense-sponsored National Defense Industrial Association
(NDIA) in St. Louis, Mssouri in Novenmber 1999, and in
attendance were both the AAAV Logistics Director and the
Mai nt enance O fi cer. Representatives from NAVAIR and the
Royal Navy followed Mubray’ s presentation; both extolled
the power of RCM Il and quantified the benefits of the

process to their prograns.
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Wth only general references to RCM in Secretary of
the Navy Instructions (SECNAVINST) and with no service
speci fic guidance on the application of the process, credit
must be given to the program Logistics Director and
Mai ntenance O ficer for the extent to which the AAAV
program has applied RCM Through extensive research and
sincere dedication towards meking the AAAV a reliable and
mai nt ai nabl e asset, these gentlenen were able to prove to
the Program Manager that the RCM process would pay great
di vi dends on the AAAV prototypes. [Ref. 29] Shortly after
| earning about RCM Il at the ND A synposium the AAAV
program office awarded Al adon LLC a sole source contract
totaling $150,000 for a pilot initiative in the application
of RCM  This pilot was intended to denonstrate whether RCM
was suitable for application to a prototype vehicle and to
determine whether the investnment in this process was
wor t hwhi | e. The initial pilot training program began in
Cct ober 2000 and consisted of training approximtely sixty
program personnel, training and certifying five RCM
facilitators and exam ning key AAAV systens to denonstrate
act ual results. The pilot program also included
facilitator nentoring, project technical support and

presentations to senior |eadership. [Ref. 30]

In retrospect, the program team nenbers would have
preferred to inplement RCM during the Conponent Advanced
Devel opnent phase. As it would be, two conpetitors had
produced % scal e technol ogy denonstrators (hydrodynam c and
land test rigs) in order to prove their concepts. Af ter
eval uating the two conpanies, the program down sel ected to
GDAMS because there was nore confidence in their ability to

desi gn and produce the AAAV. The program recogni zes that
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RCM coul d have played an integral part in this evaluation
process. [Ref. 28]

Additionally, the program took the ORD and used it to
produce a systenisubsystem specification (SSS). In sone
cases, the SSS was rather anbiguous, while in others, nore
stringent than the ORD. Had RCM been applied (particularly
guestion 1 of the fundanental RCM questions that were
described in Chapter Il) to the SSS devel opnent process, it
woul d have resulted in a nuch nore granular docunment wth
far greater clarity and |ess chance for msinterpretation.
The RCM team is confident that if their process had been
used to analyze the systens at an earlier stage of the
program many of the “problenms” identified during PDRR
woul d have been avoi ded. However, since the pilot program
was not initiated until late in the PDRR phase, three
prototypes had already been designed, built and were
oper ati ng. One prototype had been in testing for about

el even nonths, the second one was about 90% built and third

was 25% built, so there was Ilimted opportunity to
influence the initial PDRR design through RCM  The design
was what it was and all the hardware had been bought.
[ Ref . 28]

Wth three prototypes assenbled and the program
feeling the normal stresses involved in acquisition, the
newly trained facilitators set out to convince thenselves
that this investnent was worthwhile by conducting the first
analyses on relatively sinple systens with the potential
for immedi ate payback. The Marine Drive Steering system

was chosen as one of the first analyses to be conduct ed.

32



The recommendations that flowed from these initia
anal yses quickly demonstrated to the facilitators’ the
uni que benefits of RCM  For exanple, during early testing,
one of the prototypes was plagued with uncommanded steering
events in the water. Al though the designers were
struggling to deternmine the cause of this, the Marine Drive
Steering anal ysis reveal ed several failure nodes that woul d
contribute to the problem Among them was corrosion in
wiring harnesses and when this was corrected on the
prototype, the steering problenms were solved. During each
of the pilot analyses, both facilitators and group nenbers
di scovered that there was nuch nore about the AAAV that
designers, engineers, and technicians were not aware of,

until RCM was appli ed.

Despite the goal of analyzing thirteen areas during
the RCM pilot program by January 2001, only five anal yses
were conpl et ed. The conplexity of the AAAV and its
subsystens was not inmediately evident, even to an RCM
practitioner with nore than eighteen years of experience
with the process and as a result, not all of the targeted

areas were anal yzed. [Ref. 31]

Contributing to this problem was a |ack of experienced
facilitators. The RCM process, when properly applied by an
experienced facilitator, averages about six conpleted
failure nodes per hour; however, this speed is generally
not achieved until a facilitator has conpleted between
three and six analyses. [Ref. 13] Nonethel ess, the Program
Manager was inpressed with the dramatic results of the
pilot program and in February 2001, a conpetitive contract

for RCM training and nentoring was initiated. Sever al
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organi zations submitted proposals for the contract, but
extensive and exhaustive research revealed that only
Aladon’s RCM Il process was fully conpliant with the SAE
st andar d. Furthernore, although other bidders’ processes
had nerit, none had ever been applied to a prototype. As a
result, Al adon was awarded the second RCM contract for an
addi ti onal $250,000. [Ref. 28]

Al t hough GDAMS had never used RCM either, during
negotiations for the SDD contract, they agreed to the
Governnment’s request to replace requirenents to perform
Failure Mdes and Effects Analyses (FMEA) and Failure
Modes, Effects and Criticality Analyses (FMECA) with RCM
As a result, contract hours originally intended for
FMEA/ FMECA were shifted to RCM

In the beginning, there was resistance to the process
since team nenbers from both the CGovernment and contractor
t hought, “We have already done a FMEA, why do we need to do
RCM?”  However, as the results of analysis becane known and
as the significant benefits of the process was reveal ed
growi ng nunbers of program personnel actively sought to
parti ci pate. The outputs from RCM analysis provided
feedback to designers, | ogi stics engineers, technical
manual devel opers and troubl eshooting devel opers, just to
nanme a few [Ref. 13]

D. APPLI CATI ON OF RCM

When the program decided to use RCM in lieu to the
traditional FMEAs, the program took the nunber of hours
that woul d have been spent on FMEA and transferred them to
RCM As a result, the SDD contract has approxi nately 4500
contractor |abor hours available for RCM anal yses. Qut of
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ei ght system I|evel analyses, the program has used 1263
hours wth an approximate split of 421 for the Governnent
and 824 for the contractor. These anal yses represent about
forty percent of those planned for the entire AAAV but have
only used a little nore than twenty-five percent of the

avail able tine that would have been used to conduct FMEAs.

RCM is incorporated into the integrated product team
(I PT) process. Anal yses have been conpleted in as little
as three neetings for a sinple system and as nany as
twenty-five for a conplex system Each neeting generally
|asts for three hours and the analysis teans neet two or
three tinmes a week. Based on a forty-hour workweek, this
equates to approximately twenty to twenty-five percent of
each nenber’'s time for each analysis. On occasion
nmeetings have been conducted on an eight-hour basis;
however, this is the exception to the rule. Experience has
shown that three-hour neetings are optimal in ternms of
productivity of group nenbers. As the Ilength of the
meeting increases, productivity decreases because of the
i ntense focus that RCM demands. [Ref. 28]

Each analysis calls for one facilitator who spends an
average of one hour outside the RCM neeting for every hour
spent inside. This time is typically spent typing
information, generating reports, consolidating data, and
preparing for the next neeting. During an assigned
analysis, the facilitator could spend approxinmately forty
percent of his or her tine on the analysis. The program
al so has one RCM practitioner who spends sixty percent of
his time nentoring facilitators, conducting technica
audits, and providing training. It is noted that the
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anal yses are sporadic, ranging from none being conducted to

as many a four at one tine.

Though RCM training speeds up the analysis, the
program found that the training was not absolutely
necessary. The first few days of analysis with untrained
personnel nerely take longer than they should because the
RCM process has to be explained along the way, but the
quality of the analysis is the sane because the facilitator
keeps the neeting focused on the objective. Wth that
said, retraining is not necessary either, since retraining
essentially occurs while nenbers participate in the

anal ysi s.

The outputs from an RCM analysis are nunmerous and
include a conprehensive list of failure nbdes and their

effects, recomrendations for preventive naintenance, and

recomrendati ons for changes in design. In RCM Il terns,
design changes are not limted to physical changes to an
asset. Desi gn changes can apply to changes to process and

procedures changes to training nethods and changes in
techni cal docunentati on. Recommended changes may al so
include changes to «critical design reviews, required
delivery docunents, functional flow diagrams and a nunber
of other things that engineers use to nethodically weed
t hr ough probl ens.

After an RCM analysis has been conpleted, the
facilitator consolidates the data <contained in Dboth
informati on and decision worksheets and turns the entire
report over to the system engineer who is responsible for
getting the appropriate people together for a managenent

audit of the analysis. This managenent audit ensures that
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the information worksheet is technically correct and that
the recomendations nake sense. Managenent accepts or
rejects each reconmmendati on and devel ops an inplenentation
pl an for those accepted. The approved recommendations are
entered into a Data Collection and Corrective Action
Systens (DCACAS) and the | PTs are responsible for review ng
each approved DCACAS as well| as taking appropriate action.

The DCACAS is a “checks and Dbalance” system
therefore, after the |IPTs have taken action, reliability
personnel have to make a final approval before the DCACAS
can be cl osed. Everyone in the program office essentially
has access to the DCACAS database, ensuring that al

information is easily attainable. Specific exanples of
DCACAS recomendat i ons i ncl ude future training
requirenents, addi ti onal per sonal protective gear,
i ncor porating war ni ngs or cautions into techni ca
docunent ati on, reeval uation of standard operating

procedures (SOP), wupdates to technical manuals, setting
testing limtations, and physi cal desi gn changes.

Per sonnel responsi ble for devel opi ng technical manuals have
been able to sinple “cut and paste” straight from the
DCACAS, thus meking their jobs nore efficient. As of
February 2002, the program had conducted eighteen RCM
anal yses that have resulted in nore than 550 DCACAS. [ Ref.

13]

RCM training will be nore thoroughly addressed in
subsequent paragraphs; however, as of February 2002, the
program had conducted nine three-day RCM training sessions
for well over one hundred DRPM AAA/ GDAMS AAAV t eam nenbers.
E. RCM OBSTACLES
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As anyone m ght expect with a new way of conducting
busi ness, there would be initial difficulties incurred in
the application of RCMto a prototype mlitary vehicle in a
j oi nt Gover nnent / cont ract or envi ronnent . Sever al
difficulties were encountered, the nost significant of
whi ch was obtaining buy-in from the nanagenent (both the
Governnent and contractor) and the nunerous |PTs that nmake
up the program Additionally, an extrenely anbitious
schedul e and a very tight budget did not nmake for the best
environment to experinment with a new process.

The DRPM AAA/ GDAMS AAAV devel opnent team is nade up of
nore than twenty separate |PTs. Initially, it was
difficult to det erm ne exactly whi ch | PTs shoul d
participate in an RCM anal ysis, but once that was resol ved,
it was equally challenging to get the right persons to
attend due to scheduling pressures. Initially, many
menbers perceived RCM to be *just another process” that
soneone directed themto support.

Once the specific IPTs and the appropriate personne
from each IPT were identified, the next challenge would be
to get them to attend each neeting. Demandi ng schedul e
pressures coupled with the usual under-manning that exists
in alnost every acquisition program made it difficult for
sone to rationalize spending tinme in the RCM neeting room
Wthout the right people present, the process was slowed
down because the expert would have to be |located to answer
certain questions. Prior to any firsthand evidence that
this process was worthwhile, it was difficult for many to
accept that RCM was indeed a powerful tool that would save

much nore tine than was invested into it.
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Further adding to the resistance was the view that RCM
had already been applied since the traditional Failure
Modes and Effects Analysis (FMEA) had previously been
performed on nmany of the AAAV systens. Though a FMEA
answers questions three and four of the RCM process,
failure to address the other five prescribed RCM questions
makes the traditional FMEA inadequate. RCM anal ysi s
accuracy and robust results would eventually prove that
this process was not the duplication of effort as
originally perceived but instead, was a valuable addition
to the program s acquisition toolkit. [Ref. 34]

F. OVERCOM NG RCM OBSTACLES

The first step in overcomng obstacles to the RCM
process was obtaining senior |eadership buy-in. As with
any controversial or new process, if the |eadership does
not publicly show support, the process wll fail. The
Program Manager understood the benefits of RCM and ensured
the process was adhered too by supporting the RCM training

and acknow edgi ng the results of each analysis. [Ref. 28]

Wth support from managenent, the originally trained
facilitators denonstrat ed remar kabl e persi stence in
ensuring the RCM program continued to nove forward. Faced
with the daunting task of proving that RCM worked,
facilitators scheduled analysis and literally grabbed
people out of their offices to participate in the review

sessi on.

Each RCM analysis cones with both a nonetary and
opportunity cost since it requires the full attendance by
each participant for the entire analysis. During the

anal ysi s, each group menber’ s routine duties and
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responsibilities were either handled by another or put on
the back burner. Most nmanagers realized that their
investnment in the analysis was paying off since the results

of the weach analysis was so productive in ternms of

recommended tasks and proposed design changes. RCM was
essentially making managenment’s job easier. Managenent’ s
acceptance and subsequent I npl enentation of anal ysi s

recomrendati ons provided the group nenbers with a sense of
enpower nent, which further secured their support of the
process.

The second step in overconing RCM obstacles was
acconplished through training. RCMtraining falls into one
of three categories. The first is training personnel to be
potential analysis group nenbers. This training package is
three days in length and provides group nenbers with a
common understanding of the RCM concept and a comon
| anguage with respect to RCM Experience in both the AAAV
program and wthin the Al adon network has shown that
anal yses proceed nmuch nore efficiently if all group nenbers
have had this training. [Ref. 13]

A trained facilitator |eads each RCM analysis.
Facilitator training is ten days long and provides each
student with the basic skills required to schedule and
conduct both the RCM analysis and the managenent audit of
t he anal ysis. A prerequisite to facilitator training is
attendance in the three-day course and following their ten-
day training course; facilitators are nentored as they
apply the RCM process. Mentoring reduces the |earning
curve for the new facilitator as he or she has inmmediate
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on-site support for all the issues encountered in applying
RCM for the first few tines.

As one of the program goals was to becone self-
sufficient in the RCM process, AAAV took an extra step in
havi ng one of their persons trained as an RCM practitioner
Practitioner training is fifteen days in length and upon
successful conpletion; the practitioner is certified and
able to train group nenbers and facilitators. The AAAV
program has one trained practitioner and plans to train to
two nore over the next year.

As nore | PTs sent people to the group menber training,
word of nouth support for RCM began to spread. This led to
a nunber of people requesting a seat in the next RCM cl ass.
Sonme of these people were sincerely interested in |earning
about the process while others attended the classes as an
opportunity to discredit the process. None of the latter

succeeded and nost becane converts. [Ref. 28]

The third hurdle in overcomng obstacles to RCM
i npl enent ati on was owner shi p. Buy-in to the RCM process
began very slowy, but with the publication of each new
analysis and as each of the review groups saw their
recomrendati ons adopt ed, nenbers began to show interest and
acceptance of the process began to spread. The RCM process
provided a genuine sense of enpowernent to the group
menbers while quickly broadening their understanding of the
AAAV. Even as a trained RCM practitioner, the AAAV
Mai nt enance O ficer would be astoni shed by the overwhel m ng
f eedback the RCMtrai ned team nenbers provided him
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As RCM education expanded, nore and nore people
began to wonder if it could solve their specific

probl ens. In sone cases, the problem was
mat uration of a new design. “WIIl this design
work as intended?” “WIl it do what the user
wants it to do?” “Is this the best solution to
an identified design problen?” “WII| this design
interface with other subsystens as intended?” In
ot her cases, the questions were specific. “Can
RCM hel p us determ ne what the enbedded | ogistics
adm ni stration system (ELAS) should do?” “Can
RCM exam ne the best way to design and i npl enent
a I|life cycle mnagenent I nformation system
(LM )?” And in still other cases, “Can an RCM
anal ysis provide supporting docunentation for a
‘safe and ready for test’ certification?” “Can
this process help us ensure that testing of a
carcinogenic material is conducted safely?” In

each case, the RCM process quickly and thoroughly
provided the information each group was | ooking
for and resistance to the process further
di m ni shed. [Ref. 32]

Col | ocation would also aid in overcom ng RCM obst acl es
since the team nenbers from both Governnment and contractor
interacted with each other on a daily basis. Thi s
famliarity inspired face-to-face neetings that ultinmately
addressed RCM issues pronptly. Col l ocation fostered open
comruni cation that helped to build trust and nutua
respect, which are essential, for teamwrk environnents
required by both the I PT and RCM process. [Ref. 34]

G QUANTI FYI NG THE VALUE OF RCM

It is difficult to quantify the results of RCM because
the AAAV is a brand new system as a result, true “savings”
or “loss avoi dance” cannot be calculated. As RCMis being
applied to the AAAV while it is in the prototype stage
there are no baselines from which to calculate any
reductions. [Ref. 30] The AAAV is not an evolution of the
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current AAV design; but a revolutionary change in virtually

every respect. Even though these two warfighting systens
will performsimlar mssions, they are definitely not the
sane.

In the context of the AAAV, reliability is nore than
sinply ensuring the vehicle has low life cycle costs, it

has to do with taking care of Mirines by ensuring the

vehicle perfornms the way it is designed. Every tinme a
change is made that affects safety, then a potential life
has been saved. Since AAAV is designing out failures
before they occur, the program will never know how rmuch
noney or how many lives RCM wi || have saved. The generally
accepted thought is that fewer Marines are likely to be

injured or killed as a result of the recommendations nade
fromthe RCM anal yses. The follow ng paragraphs attenpt to
guantify significant recomendations that were the direct
result of RCM analysis and that would have otherw se
possi bl y gone unnoti ced.

Wi | e anal yzing the Power Generator system the group
found that the electrical boxes were designed to be easily
unhooked to allow for quick exchange and troubl eshooting.
| f the power was not disconnected from these boxes prior to
removal , there was a very high risk that there would be a
short to ground or an internal short in the cable due to
the delicacy of the five-volt system Additionally, since
this systemis set up in a token ring arrangenent, a short
anywhere in the path would result in everything in the box
burni ng up. This seemed intuitive, but there were
instances in which the prototypes burned these boxes

because disconnecting the Dbatteries was a cunbersone
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procedure that was often omtted. The RCM analysis
recoomended that the sinple procedure of ensuring the
batteries were fully disconnected elimnated the burning of
t he el ectri cal boxes. Furt her nor e, t he anal ysi s
recormended a design change that resulted in a nuch nore

efficient method to di sconnect the batteries.

During the same Power Cenerator analysis, the group
al so discovered that there was a software reset toggle
switch anong the four other switches that controlled power
gener ati on. The engineers had believed that the crew

required a reset switch that could be activated in the

event of software problens. This sanme switch was now
causi ng probl ens. First, if the switch failed in the
cl osed position the vehicle would not start. Second, if

the toggle was tripped while the engine was running, the
vehicle would shut down. Starting the vehicle is like
booting a conputer; it takes between three to five mnutes
to start. The engineers nay have been correct in assum ng
that the Marines would need a software reset button, but
failed to consider the operating context of having Mrines
in Mssion Oiented Protective Posture (MOPP) gear wth
packs and all their equipnent. Wth the added physical
restrictions of wearing MOPP gear in a confined area, the
crew mght inadvertently bunp into the switch, thus making
accidental activation of the reset button highly Iikely.
The group sinply recommended that the switch be elimnated

and that the existing swtch be used for egress |ighting.

During the Power Distribution analysis, the group
di scovered that an electrical failure mght affect the

scroll of the automated nmaps that the crewrenbers use to
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navi gat e. In an over the horizon (OTH water march of up
to twenty-five mles, this could result in a vehicle
getting | ost. The group recomrended that the crew receive
OTH instruction (dead reckoning and celestial navigation)
reinforced with conpetency-based training. The designers
had not thought about how the Marines would deal with that

si tuati on.

During that sane Power Distribution analysis, the
group found several failure nobdes that had to do wth
| osing power in the surf. They realized that if power was
lost at this point, the waves would batter the vehicle and
everything that was not |ashed down would beconme a flying
object that could potentially injure or kill soneone. The
engi neers had never thought about any significant neasures
for lashing to protect the enbarked Marines aboard this
vehi cl e. On the old AAV, the Marines hung their gear on
bustle racks | ocated on the outside of the vehicle. Wth
the AAAV they cannot do that for signature reasons and
because gear would be likely to be ripped off. The Marines
have to store their gear between sponsons, which are just
open spaces. The group recomended that “spider nets,”
simlar to those found in the trunks of cars to prevent
groceries from splashing about be installed to contain the
packs and equipnent in the event of sudden stops or
rol |l overs. Wiile the idea of putting spider nets in the
AAAV seens unrelated to a Power Distribution analysis, the

RCM process precipitates this kind of analysis.

During the Hydraulic analysis, the group discovered
that when changing from transition to water node or vice

versa, there are several appendages that must be
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hydraul i cally noved. The RCM anal ysis reveal ed that once
this automati c sequence was started, there was no provision
for the driver to stop the deploynent. The group
visualized these flaps deploying and possibly striking a
subnmerged object. The group recommended that the software
design be changed to include an abort option after the

sel ection of the appendage stop button.

Prior to prototype testing at Marine Corps Base,
Twentyni ne Pal ms, the RCM process was used to | ook at the
vehicle in the operating context of being operated by
Mar i nes, carrying infantrynen in the harsh desert
environnment. The entire system was anal yzed for potential
safety problens. The result was the identification of one
hundred twenty failure nodes that could directly contribute
to soneone being Kkilled. Based on the RCM group
recommendati ons, an SOP was developed that included test
limtations, changes were made to the technical manuals
and several changes were made to the design to inprove
safety during operations in the desert. As a result of
further analysis for the sane desert testing, the group
recoormended that the cooling system be refurbished.
Previously, the vehicle had experienced one |eak for every
forty-five mnutes of operation. As a result of design
changes, the vehicle returned from several nmont hs  of

testing with no | eaks and no one was injured or killed.

An anal ysis was conducted on the new bow flap design
for t he program s first System  Devel opnent and
Denonstration (SDD) vehicle. The bow flap had never been
built or used and since the designers were close to being

done with it, the program office wanted to apply RCM before
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it was conpleted. The group came up with a nunber of
recommendati ons that would increase the chance that the bow
flap would work the first tinme. Most of t he
recomendations dealt with testing and characterization of
the new flap, which, if inplenented, would provide them
with both a better feel for operations in the open ocean
and the opportunity to nmake the bow flap nore reliable

prior to testing.

There are nunerous exanples where RCM anal ysis has | ed
to changes intended to increase the vehicle reliability,
but as these previous exanples showed, RCM was also
instrumental in analyzing human factors, safety, software
design and even designs that hadn’t been conpleted. |[Ref.
34]

H. LONG RUN EXPECTATI ONS

The long run expectations of the inpact of applying
RCM in the acquisition of the AAAV are that the Marine
Corps will receive a reliable asset that will performits
specified nmissions safely as designed while not being a
burden to maintain. RCM mekes the program |ook at the
effects of failure to ensure that each failure mnagenent
policy is sensible. Effects are always | ooked at from the
wor st -case perspective; that way, if sonmething |ess than
worst case happens, the Marine crew and their vehicle
shoul d be unhar ned. If the worst case does happen, the
consequences will not be a surprise because they w |l have

been anticipated and mtigated to the extent possible.

Based on the results experienced by both NAVAIR and
t he Royal Navy, the program expects RCMto provide at |east
a thirty to forty percent reduction in the anount of

47



schedul ed mai ntenance conpared to that being perforned on
its predecessor, the AAV7/-Al. At the sane tine the anount

of consunabl es used and hazardous naterials generated w ||

al so decrease. Avai lability is expected to be higher so
there will be inproved readiness for |less effort. RCM data
will also help to determine the optinmal anmount of conponent

sparing needed to maintain readi ness goals.

The AAAV program intends to continue to apply RCM
t hr oughout the remai nder of the acquisition. The
application of RCM has had clear benefits. The sum of the
analyses wll play an integral part in determning the
final maintenance plan. The program office intends to
continue applying RCM throughout the life of the AAAV.
Once the systemis fielded, there will be a point where the
| evel of effort decreases, but it should not stop entirely
because people will always want to nake changes. As |ong
as the planning or the potential exists to nmake changes to
the platform design, RCM should be part of the process,
because it provides a structured approach within which to

eval uate those changes.
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V. ANALYSI S OF RCM AND | TS APPLI CATI ON I N THE AAAV
PROGRAM

A | NTRODUCTI ON

This chapter discusses the results presented in
Chapters Il and I1I1. The focus of the analysis is on the
primary thesis question: Wat have been the results of
applying the RCM process in the acquisition of the Marine
Corps AAAV and what are the reliability expectations
associated with the further developnent, production and
depl oynent of the AAAV? The analysis wll include the
reasons for success in the AAAV program the benefits of
RCM and finally the negative considerations of RCM
B. VHY HAS RCM WORKED FOR THE AAAV PROGRAM?

It is the author’s opinion that RCM has worked for the
AAAV program due to a strong commtnent from the program
| eadership, highly proficient facilitators, nentoring, in
house RCM training, organizational structure and location
and the use of |PTs.

1. Program Leadership

Senior |leadership is probably the nobst inportant

factor in RCM followed closely by persistence. W t hout
the support fromtop, culture change will not occur and no
process will survive. Colonel Nans’ support of RCM and his

gui dance to the AAAV progranis senior |eadership that the
process was worthwhile were instrunental in getting RCM of f
t he ground. Simlarly, the first groups of facilitators
(the "RCM pioneers at AAAV’') were extrenmely persistent in
schedul ing analysis and rounding up people to participate

in the review groups. Wthout this persistence, the
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process would have |anguished and eventually died. [Ref.
28]
2. Facilitators

Wthout properly trained facilitators to guide each
anal ysis, RCM would have failed. The facilitators are the
experts in RCM and thus ensure the entire process is
under st ood and applied by the group. The program found out
early that not everyone is cut out to be a facilitator.
The facilitator nust also have the support of their
| eadership, especially if this billet is a collateral duty.
Collateral duties often lead to conflicts in priorities
since the facilitator nay feel conpeting pressures to
complete both an analysis as well as the regular assigned
duties. In this case, there is the danger that one or both
will suffer. Leadership nmust also be patient since there
is a learning curve for a facilitator to clinmb before
proficiency and quality are achieved. [Ref. 13]

3. Ment ori ng

Ment ori ng hel ps to al l eviate t he chal | enges
facilitators have to face. The AAAV program naintains
monthly ties to Aladon to ensure its facilitators are
performng as intended by RCM I1. The bottom line is if
you do not understand the logic, then you can’t apply the
process. Mentoring assists the facilitators’ in |earning
how to better focus and ensure the process is perforned as
required. Thi s i's essenti al when wor ki ng Wi th
i nexperienced RCM team nenbers who “don’t know what they
don’t know and the probability of “getting it wong” is
very high. [Ref. 13]
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4. Tr ai ni ng

Though the program has found that RCM training is not
a prerequisite for a nenber to participate in an analysis,
the training does speed wup the analysis process.
Additionally, the in-house RCM training has added a
personal touch to use of RCM Facilitators can use
specific exanples fromthe previous AAAV analysis to add to
the generic exanples provided with the course. This is
usually the first opportunity to address the skeptics. In
a few cases, the hardcore doubters are not convinced of the
power of RCM until they conplete an actual analysis, but
the training is essential in ensuring the analysis flows

snoot hl y. After the training, the non-believers at |east
understand the process they will go through, regardless of
their faith init. [Ref. 13]

5. Organi zational Structure and Location

The collocation of Governnent and contract personnel
greatly facilitates the use of [IPTs in the AAAV program
Since RCM fits so well into the |IPT process, this
coll ocation further strengthens the RCM process. Al the
group nenbers know each other since they interact on a
daily basis. This fosters rapid and open conmunication.
Al'l program personnel can be inmmediately aware of proposed
design changes or if sonething is not working right;
personnel from either side of the program can walk to the
other’s office to resolve an issue. [Ref. 34]

6. | nt egrat ed Product Teans

One of the cornerstones of the DoD acquisition reform

effort that was initiated in the md 1990s was the nove to
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operate in Integrated Product Teans (IPTs) rather than
functional stovepipe organizations found in many DoD
progr ans. | PTs are a great idea in that they involve al

the necessary mx of people to nmke sound technica

deci si ons. In the case of the AAAV program there was
still a lot of wasted effort in |PTs. That is, even with
qual ified t echni cal per sonnel , activities m ght be

performed two or three times over because they did not get
things right the first tine. RCM fits perfectly into the
| PT forum because both processes require a group of
speci al i zed personnel comng together to solve problens.
RCM just takes it one step further by providing the needed
focus that gives IPTs a big advantage towards getting it
right the first time. There is a |lot of positive feedback
fromthe |IPT nenbers exposed to the RCM process. It would
have been nore difficult to get RCM off the ground w thout
the current I PT process already in place. [Ref. 28]

C. BENEFI TS OF RCM

The benefits of RCM Il are sumred up by John Mubray’s

book, Reliability-centered Mii ntenance:

Wdely recogni zed by mai ntenance professionals as
the nost cost-effective way to develop world-

class mmi ntenance strategies. RCM leads to
rapi d, sustained, and substantial inprovenents in
pl ant availability and reliability, pr oduct
quality, safety, and environnental integrity.
[ Ref. 6]

Interviews with personnel involved in the AAAV s RCM
program have indicated that RCM Il has provided simlar
benefits in many applications around the world. In
particul ar, program staff has gained a much nore granul ar

under standi ng of exactly what each IPT wants in terns of
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performance from each sub-system Additionally, |PTs have
a much cl earer understanding of the effects of each failure
node and as a result, have achieved a better focus on where
to spend naintenance tine. RCM Il has provided a
structured approach for understanding and anal yzing
proposed design changes and provided an efficient process
for quickly addressing operational risk. In spite of
traditional thinking that suggests nassive anmounts of usage
data are required to anal yze mai ntenance, RCM Il has proven
its value in the absence of such data and proven that RCM
can be usefully applied as late as the System Devel opnment
and Denonstrati on phase.

1. Better Understanding of Failure Mde Effects and

How to M nimze Them

As nentioned in Chapter 11, once functional failures
have been identified, RCM identifies all the events that
are reasonably likely to cause each failed state. We know
these events as failure nodes and once they are identified,
then it is possible to consider what happens when they
occur, assess the consequences, and decide what should be
done before they actually happen. Wth the AAAV, the
exanples of the software-reset toggle switch renoval, the
need for over the horizon (OIH) training for crew, the
installation of spider nets, and the abort option for
transition to and from water nobde are all exanples of
identifying failure nodes (nmany before they actually
occurred) and managi ng them proactively. [Ref. 34]

2. Better Focus on Where to Spend Mai ntenance Tine

The objective of a successful preventive naintenance
program should be to prevent or mtigate the consequences

of failures and not to prevent the failures thenselves.
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RCM anal yzes the effects or consequences of the possible
failure nobdes and evaluates their effect on safety, the
envi ronnment, operations, or cost. Since the program is
utilizing RCM in the developnent of the AAAV, program
staffs are nore likely to define functions in the proper
context, and subsequently develop a practical preventive
mai nt enance program that wll ensure the system perforns
the way it was intended. Additionally, once the analysis
results have cleared the DCACAS process, t echni cal
docunmentation is updated thus ensuring quality in future
oper ational and mai ntenance publi cati ons.
3. Structured Appr oach for Under st andi ng and
Anal yzi ng Proposed or Needed Changes in Design,
Processes and Procedures
SAE JA1011 states that in order to be called “RCM” a
process nust obtain satisfactory answers to the seven
guestions presented in Chapter 11. Since these questions
nmust be asked in order, there is little chance of | ogical
or procedural flaws in the analysis. Wth the AAAV, these
potential flaws could lead to safety or environmental
accidents that could contribute to injuries or death of
Marines  or subst anti al envi ronment al damage. The
el ectrical box exanple from the Power Generator system
analysis denonstrates the benefits of following the
structured approach of RCM Additionally, it was evident
in the overwhelm ng feedback from RCMtrained nenbers to
the program Maintenance Oficer that the structured RCM
process is not only easy to understand, but easy to adapt
and apply to different designs, processes, or procedures.
[ Ref . 34]
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4. Common Point of Understanding for Addressing
Oper at i onal Risk Areas that WII Result in
| mpr oved Syst em Readi ness

One of the pillars of RCM is safety. If the
conseqguences of failure include either saf ety or
environnmental effects, then redesign is conmpulsory. 1In the

context of the AAAV, reliability is nore than low life
cycle costs. Reliability also has to do with taking care
of Marines by ensuring risk is mnimzed. The inclusion of
a spider net for storing equipnent is one exanple which
denonstrates that even though the RCM anal ysis was focused
on the Power Distribution system the RCM trained team
nmenbers were able to recognize a potential hazard and

recormend a design change to mitigate the risk. [Ref. 34]

5. Tinmely Benefits

As discussed in Chapter Il, if RCM is correctly
applied, results are quick to follow. Success is even nore
likely to come to those who thoroughly plan as well as
carefully consider how and by whom the analysis is
performed, audited and inplenented. Though the AAAV
program failed to conplete the proposed nunber of analyses
in their original pilot program due to the underestimting
of the system conplexity, they did experience imedi ate
results from the anal yses conpl eted. Wth the exanple of
the first analysis of the Marine Drive Steering system the
team was able to solve the uncommanded steering problem

t hat had not been recognized until then. [Ref. 34]
6. Never Too Late to Apply RCM

As discussed in Chapter 11, RCM Il has been very
successful in that it has been applied to over 1400
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organi zations in nore than 40 countries. Since RCMII is a
zero based process, it requires no prelimnary failure data
to conduct an analysis. The concept of accurately
anal yzi ng nechani cal systens w thout the perceived benefit
of extensive failure data and past naintenance history has
been proven by RCM 11. Some would argue that its
inpossible to accurately analyze systens before actual
performance data is accunul ated and because of this, would
further suggest that RCM cannot be applied in the early
stages of devel opnent. However, because of its proven
track record in both civilian and mlitary applications as
wel |l as the appeal of being zero based, (appealing because
in PDRR, the program had virtually no maintenance history)
the AAAV programinitiated the RCM process late in the PDRR
phase. [Ref. 28]

As described in Chapter 111, the RCM teans were
surprised by the recomendations that flowed from their
anal yses. Gven the inmediate success in spite of its
“late” application, the AAAV program can only specul ate as
to what greater inpact RCM may have had on the program if
it was initiated wearlier in the program Fut ure
acquisition prograns may want to consider the potential
advantages of being able to influence the asset design
early enough to avoid costly m stakes and before a single
drawing is released to a vendor for production. Just as
the program has denonstrated that it is never too early
(through their successful analysis of the bow flap design)
to apply RCM the AAAV program has al so denonstrated that
it is never too late (regardless of the fact that the

prototypes had been designed, built and were operating by
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the tine RCM was introduced) to apply RCM and reap both
short termand long termbenefits. [Ref. 34]

D. NEGATI VE CONSI DERATI ONS OF RCM

Though RCM appears to be on firm ground with the AAAV
program there are drawbacks that should be taken into
consi derati on. There are financial and opportunity costs
involved in the process, there is the tenptation to
shortcut the process, and it is difficult to obtain buy-in.

1. Fi nanci al Cost

RCM costs noney to inplenent. RCM Il is the
proprietary intellectual property of John Muwubray and it is
not free. Sone people would |look at the price tag and be
turned off. The initial pilot program which included
technical support and training facilitators, cost the
program $150,000 and the subsequent contract to continue

the technical support of analysis and train practitioners

was an additional $250, 000. Though these costs appear
substantial, one nust consider them in the context of a
multi-billion dollar program that wll produce nore than
one thousand AAAVs, each costing around five mllion

dollars. RCM has already paid for itself in the short term
in many ways described in Chapter 111, but in the long run
the program office expects that RCM will pay for itself
many tinmes over. [Ref. 28]

2. Opportunity Costs

Besides the direct nonetary costs, there are also
opportunity costs that m ght not have a specific price tag
associated wth them but nonetheless wll cost the
organi zation in ternms of personnel availability and short-
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term productivity. As di scussed previously, RCM anal yses
take tinme. Acquisition progranms do not historically have a
| ot of “spare” tinme, so sonmething has to give. Al of the
group nenbers and facilitators have other responsibilities,
so there are not any personnel who are solely dedicated to
RCM In order for the process to work as intended,
Governnment and contractor |eaders nust adjust schedul es and
demands to account for the tinme their people spend on RCM

analysis. [Ref. 28]

At the AAAV office, the I|eadership has this
understanding and accepts this inconvenience as an
investnent that will pay off in the future. For exanpl e,
as a result of RCM analyses, technicians supporting the
vehicle gained an in-depth understanding as to how,
exactly, the system works and nore specifically, what
effects certain failures have on the system As a result
of this increase in their know edge, they were able to
di agnose and repair the vehicle nmuch quicker, thus saving
expensive test site tine. Moreover, in addition to the
reduction in repair times neasured by +the prograns
reliability personnel, RCM recommendations led to a
decrease in induced failures as discussed in Chapter 111
Because of the details contained in the RCM information
wor ksheets, technical manual developers are able to *“cut
and paste” information, as opposed to conducting interviews
with various designers. Additionally, RCM analyses of
“virtual” designs uncovered flaws that were corrected
before designs were rel eased, thus avoiding the trenendous
expense of building the “wong” conponent. [Ref. 34]

3. Tenptation to Make Shortcuts in the RCM Process
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Though the AAAV program | eadership and team nenbers
under stand the inportance of conducting RCM correctly, step
by step, it would be very tenpting to shortcut the process
to save both tinme and noney. This is especially tenpting
when there are so-called expert consultants advertising the
same results in “nmuch less time.” However, the RCM process
is surprisingly fast, if properly applied and facilitated.
Shortcutting the process, by adopting one of t he
derivatives of RCM discussed in Chapter Il, may initially
appear to save tine, but considering the possibility of
di sastrous consequences along with the threat of having to
redo an analysis after an accident, then doing it right the
first time is the only |ogical choice. [Ref. 8]

4. bt ai ni ng Buy-1n

The AAAV program overcane the buy-in issue, but it
must be stressed that, initially, this was a difficult
obstacle to overcone. Prograns that choose to apply RCM to
their processes and systens nust be prepared to face this
chall enge or RCM will not be successful. Mst of the buy-
in challenge can be attributed to the necessary culture
change in the acquisition profession from standard FMEAs to
RCM since there appears to be duplication in effort to
those unfamliar with what RCM really is. Al of the
points made in section B of this chapter worked together to
overcone these types of obstacles and the successes from
RCM thus far have helped institutionalize it in the AAAV
pr ogr am If any RCM results had been unsuccessful, there
is a good possibility that RCM would have never been
accepted within the AAAV program office. Buy-in will
likely be a difficult factor to overcone in future

prograns. [Ref. 34]
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V.  CONCLUSI ONS AND RECOMVENDATI ONS

A | NTRODUCTI ON

The objective of this research effort was to exanine
the program decision to wutilize Reliability Centered
Mai nt enance (RCM) in the Mrine Corps Advanced Anphi bious
Assault Vehicle (AAAV) program The goal was to determ ne
what inpact this decision has had on the AAAV program the
future inplications of the decision, and to determne if
this decision could benefit other defense acquisition

progr ans.

Background information on RCM was presented foll owed
by a review of the RCM application in the AAAV program
This chapter will draw conclusions fromthe research effort
and subsequent anal ysi s t hat has been present ed.
Recommendations will then be made as to how | essons | earned
from the AAAV program may be applied to other acquisitions
progr ans. Finally, areas for further research wll be
pr esent ed.

B. CONCLUSI ONS
1. RCM Provi des a Sound Understandi ng of the AAAV as
a System

RCM is nore than just a process that l|eads to an
effective maintenance program The application of RCM in
the acquisition of the AAAV has led to better system
performance through nore conpl ete understandi ng of systens,
to include increased awareness in risk, safety and
envi ronnmental i ssues. By sinply answering the seven RCM
guestions in a group led by a trained RCM facilitator, as
prescribed by SAE JA1011, each IPT can potentially gain a
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nore conplete and in-depth understanding of the AAAV as a
system Because RCM requires a disciplined, focused and
systemati c approach to each analysis, there is |less room
for error and a greater chance of “getting the design
right” the first tine. This saves time and noney, which
any acquisition program should appreciate. Addi tionally,
RCM |1 places great enphasis on safety and environnmental
awar eness. The AAAV program has proven the risk awareness
value of RCM by consistently identifying hazards or
concerns that had been previously overl ooked.

2. The Earlier RCM is Applied, the Geater the

Benefits It WIIl Deliver

Since RCM is zero based (i.e., requires no historica
mai nt enance data or history), the AAAV program team nenbers
woul d have preferred to apply the process earlier in the
acqui sition cycle to have better influenced the design and
avoi ded costly problens that eventually surfaced. Si nce
RCM was not introduced until late in PDRR, it was applied

to three prototypes that had been designed, built and were

oper ati ng. Regardless of the timng, program staff did
find that RCM hel ped them better understand the AAAV and
changes could still be made to influence increased

readi ness and availability, wth decreased safety and
environmental risks.

3. It is Never Too Late to Incorporate the RCM

Process

As nmentioned in the previous paragraph, RCM should be
applied as early in the acquisition cycle as practical, but
the AAAV program has also proved that RCM may be applied
with good benefits, even after sone of the initial system

design work has been conpl et ed. Al though the process is
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ideally suited to analyze existing systens and equipnent,
it is equally powerful analyzing concepts and designs.
Because it is a living program RCM will help ensure that
an effective and econom cal maintenance strategy follows
AAAV through its life cycle.

4. The RCM Process is Not Limted to Just

Mai nt enance Anal ysi s

The nane Reliability Centered Muintenance can m sl ead
those who do not fully wunderstand the definition of
“mai nt enance” because it appears to |limt the RCM process
to the physical reliability of an asset. I f “mai nt enance”
is defined as “the process of ensuring that sonething
continues to do what the user wants it to do,” the scope of
RCM expands dramatically. The AAAV program has found that
RCMis a versatile process and has expanded its application
to include analyzing human factors, safety, software design
and even projects that were nerely concepts. None of these
were specifically related to the nmmintenance plan of a
physi cal asset.

5. RCM Requi res an Environnent for Success

RCM succeeded in the AAAV program because of a strong
commtnment from the program |eadership, highly proficient
facilitators, effective nmentoring, in-house RCM training,
organi zational structure and |location, and the use of |PTs.
Though sone points are nore inportant than others, all of
these factors contributed to the successful inplenentation
of RCM into the AAAV program The conmitted |eadership in
AAAV provided the environnment and the forcing function that
resulted in inposition of all the other facets necessary
for success. Leadership conmmitnent is the sine qua non.
My conclusion is that if the |eadership will does not buy-
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in and beconme the “chanpion” of RCM the effort is destined
to wither and die, and should not be started in the first
pl ace.
C. RECOMVENDATI ONS

1. RCM be Institutionalized in DoD Acquisitions

The USD(AT&L) should mandate RCM as prescri bed by SAE

JA1011, for all acquisition prograns. The process has a
proven track record in both <civilian and mlitary
applications. Speci fically, acqui sitions can expect

reduced program cost, savings in tine, greater asset
reliability, and increased safety and environnental
awar eness. Absent any DoD-w de gui dance on how RCM shoul d
be specifically applied, the Commuander, Marine Corps
Mat eri al Command shoul d take advantage of the expertise and
experience of +the personnel involved in the AAAV RCM
program to develop a service specific policy on RCM RCM
is broader than but inclusive of Failure Mddes and Effects
Anal yses (FMEA) and Failure Mdes, Effects and Criticality
Anal yses ( FMECA) . Repl aci ng current acqui sition
requi renents to perform FVEA/ FMECA with RCM should formthe
basis of the guidance. Consideration should also be given
to establishing an RCM program office and applying RCM to
fielded systens.

2. Apply RCM as Early as Practical in the

Acqui sition Process

RCM should be applied as early as practical in an
acqui sition program to successfully influence design and
ultimately start with a “better” product. The Conponent
Advanced Devel opnent phase appears to be a logical starting
point, since this is where subsystenms and conponents are

denonstrated before being integrated into a system RCM
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should be used to ensure appropriate focus is given to
under st andi ng functions and standards of performance.

3. If You Cannot Apply RCM Early, It is “"OK"” to

Apply It Later

Regardl ess of the current phase, acquisition prograns
shoul d consider applying RCM to their program AAAV has
proven that Ilater application of RCM still yi el ded
significant benefits. Even if the asset is fielded, a RCM
analysis wll reveal opportunity for cost savings and
inmproved reliability. The experience of NAVAIR (PMA-260)
in applying RCM to support equipnent is just one exanple of
post fielding success.

4. In Addition to M ntenance Planning, Recognize

the Power of RCMin a Broader Sense

RCM shoul d be considered for nore than just devel opi ng
efficient maintenance prograns. RCM can be used to test
the feasibility of a new policy, gain appropriate risk
awar eness, examne software schemes, and confirm design
concepts before any of these plans are set in stone. Once
the RCM process is applied, the variety of potentia
applications beconmes nore evident.

5. Provi de the Proper Environnent for RCM Success

Those who enbark on RCM nust provide the proper
| eadership attention and support needed to overcone the
chall enges, primarily that of culture change of doing
things differently, in order to achieve success. RCM
requires a strong comitnent from |eaders, patience in
training qualified facilitators, the support of nentors,
and an investnment in training. Additionally, those
interested should ensure that the RCM process is in

conpliance with SAE JA1011, since there are organi zations
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that take advantage of the RCM name w thout providing the
prescri bed servi ce.

D. AREAS FOR FURTHER RESEARCH

As a result of this research effort, the author has
identified the following areas for further research that
coul d be perfornmed by NPS students:

Once AAAV  fielding i's conpl et e, consi der
revi ewi ng t he final RCM advant ages and
di sadvant ages and publish | essons | ear ned.

Research whet her RCM could be applied to existing
Marine Corps ground equipnent. Consi der a cost
benefit analysis to determ ne the extent to which
a selection of Mirine Corps ground equipnent
woul d benefit fromits application.

Consider the feasibility of establishing a RCM
policy and program for the Marine Corps. Does
the Marine Corps have the infrastructure to
i ncorporate RCM? Can the Marine Corps afford (or
not afford) to institutionalize RCM? Who woul d
be responsible and what would it take?

Exam ne other prograns experience with RCM Can
a consensus be drawn that woul d  support
institutionalizing RCMinto all acquisitions?

Study the policies, guidance, and instructions
published by the DoD related to ensuring
reliability wthin DoD acquisition prograns.
Consi der a conparative analysis of DoD enployed
nmet hodol ogi es conpared to nethodol ogi es enpl oyed
in conmercial industry.

Conpare DoD-wide RCM initiatives to better
understand the different |evels of success each
servi ce has experienced.

| nvesti gate how receptive nmaj or def ense
contractors would be toward replaci ng FVMEA/ FMECA
with RCM to determne if RCM m ght be nandated
i n other prograns.
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APPENDI X. LI ST OF ACRONYMS

Advanced Anphi bi ous Assault Vehicle
Amphi bi ous Assault Vehicle
Acqui sition Strategy

Cost as an | ndependent Vari abl e
Concept Exploration
Cost per Engi ne Flying Hour

Data Col Il ection and Corrective Action System
Depart nent of Defense

Departnent of Defense Directive

Direct Reporting Program Manager, Advanced
Anmphi bi ous Assaul t

Enbedded Logi stics Adm nistration System

Envi ronnental Protection Agency

Federal Aviation Adm nistration
Fai | ure Modes and Effects Anal ysis
Failure Mddes, Effects and Criticality
Anal ysi s

General Dynam cs Anphi bi ous Systens

I nt egrated Product and Process Devel opnent
I nt egrat ed Product Team

Logi stics Managenent |nformation

M ssion Oiented Protective Posture
Mai nt enance Steering G oup

Naval Air Systens Conmand
Nat i onal Defense Industrial Association
Naval Post graduate School

Oper ati onal Requi renments Docunent
Over the Horizon

Program Definition and R sk Reduction
Progr am Manager

Program Managenent O fice

Pl anned Mai nt enance Optim zation

Reliability Centered M ntenance
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SAE
SDD
SECNAVI NST
SOP
SSS

USCGC
USD
USMC

Soci ety of Autonotive Engineers
System Devel opnent and Denonstration
Secretary of the Navy Instruction

St andard Operating Procedure

Syst eml Subsyst em Speci fication

United States Coast CGuard Cutter

Under Secretary of Defense
United States Marine Corps
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