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EXECUTIVE SUMMARY

In the past decade the Department of Defense has experienced a rather
dramatic rise in aircraft operating and support costs to the point where
those expenses now account, conservatively, for more than 50% of a system's
1ife cycle costs. In the same period, commercial aviation has succeeded in
reducing its maintenance costs by something approximating 30%. Part of the
explanation for this disparity centers on a concept known as MSG-2.

MSG-2 is a decision logic tree approach developed by the commercial
airlines with the introduction of wide-bodied jet aircraft. The concept is
designed to streamline scheduled maintenance requirements by capitalizing,
to the maximum extent possible, upon system and equipment inherent relia-
bility through the increased use of on condition maintenance and condition
monitoring.

Prompted by success in the commercial sector and early Navy studies
in this area, the Office of the Secretary of Defense directed the Services
to incorporate the MSG-2 (or reliability-centered maintenance (RCM)
approach) in their aircraft scheduled maintenance programs.

Following favorable results on a pilot MSG-2 effort with its P-3
aircraft, the Navy has developed a rather extensive program and in-house
expertise for applying RCM to its aircraft systems. An RCM training pro-
gram has also been developed.

The Air Force has a similarly comprehensive program that began with
heavy reliance upon contractual effort but is now gradually turning to
greater organic capability. Virtually all Air Force aircraft systems are

being subjected to MSG-2 analysis. Resulting decreased maintenance

i1
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requirements for one system have already prompted a manpower authorization
cut in excess of 800 spaces.

The Army program was most recent among the Services to formally incor-
porate MSG-2 logic, although it appears that much of the real substance of
the concept had already been evolving in the Army's Integrated Logistic
Support program for several years. Aircraft schedu’ed maintenance programs
are being improved through MSG-2 application to the extent that the Army

may be able to divest itself of some aviation depot capacity.
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CHAPTER 1

INTRODUCTION
STATEMENT OF THE PROBLEM

With the advent of wide-bodied jets such as the DC-10 and Boeing 747,
commercial airlines focused a concerted effort to develop some new,
systematic way of deriving scheduled maintenance requirements in a critical
endeavor to reduce burgeoning operating and support costs. Following
several iterations, the results of their efforts were documented in a
procedure referred to as "MSG-2," or more descriptively, the Airline/Manu-
facturer Maintenance Program Planning Document.

Attracted by claims of significant cost reductions without notable
declines in effectiveness or performance, the Department of Defense (DOD)
elected to adopt the concept for revamping military aircraft scheduled
maintenance requirements. Direction to that effect from DOD to the three
Services appears to have been executed through rather different approaches,
and it is the substance of those individual implementation programs that
provides the basis for this study.

SIGNIFICANCE OF THE PROBLEM

For more than a decade, the steadily rising costs of operation and
support have been of increasing concern for both airline and military
aviation. The trend in the Air Force, for example, is unmistakable. In
the early sixties, research, development, and acquisition of new equipment
and facilities accounted for 60% of the Air Force budget. By 1968, the

operating and investment shares were approximately equal. Currently, the

position of the early sixties is reversed. Only 40% goes to investment,
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but something approximating 60% of the total buiget is needed for operation
and support (20:1).1
The dilemma is similar for the other services. One Army assessment %

indicates that "approximately 80% of the total 1life cycle cost of a piece

of equipment is expended during its operational 1ife; only 20% is spent on
the development and procurement of the item"(5). |
Contrast this with what the commercial airlines have been able to

achieve in the same period: "a 30% reduction in then year dollar mainte-

nance costs per flying hour over the decade 1963-1973"(26:8).

The challenge is quite clear. Both the demands of conscientious

public service and the constraints of scarce dollars for a credible defense
necessitate a dramatic turnabout in our approach to support planning.
"Today, when Defense spends in excess of $15 billion per year for mainte-
nance, a fresh look at how we determine maintenance requirements is
essential"(26:1).
OBJECTIVES

The overall objective of this study was to produce a document that
would aid DOD, Service, and industry personnel (particularly program
managers, engineers, and logisticians) in assessing the direction of
reliability-centered maintenance programs for military aircraft systems.
To meet this goal, the following specific objectives were pursued:

1. Explain the MSG-2 concept.

1This notation is used throughout the report for sources of quotation
and reference. The first number indicates the source listed in the
bibliography. Where appropriate, a second number indicates a page in
the reference.




2. Explore the genesis and development of reliability-
centered maintenance in the commercial sector leading
to its introduction in DOD.

3. Examine the various approaches taken by the Army, Navy,
and Air Force in implementing MSG-2 programs.

4. Compare and contrast the three Services' approaches.

RESEARCH QUESTIONS

In an attempt to give direction to the study and to accomplish the
objectives cited above, research was oriented toward answering the
following questions:

1. How has reliapility-centered maintenance evolved in
industry, DOD, and the Services?

2. What differences characterize the approaches pursued by
the Services in structuring their respective reliability-
centered maintenance programs?

3. What significant lessons can be discerned through analyzing
the various approaches taken by each Service?

INVESTIGATIVE PROCEDURES

Two primary research vehicles were relied upon for this study. In an

attempt to gather as much primary source material as possible, a number

of personal interviews were conducted with officials working in areas
closely associated with MSG-2 and reliability-centered maintenance.
Individuals in the Office of the Secretary of Defense (0SD), the Army,
Navy, and Air Force were among those contacted.

The second major procedure involved an extensive literature search

throughout Department of Defense 1ibrary systems and among several libraries,
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government offices, and industry associations in the greater metropolitan

Washington, D.C. area. Again, emphasis was placed on using primary sources i
whenever possible. In an effort to secure the most current information
available, correspondence and unpublished office worksheets were also used.
Research for the study was begun in July 1977 and concluded in
October 1977. Unless otherwise indicated, references in the report to
ongoing deve]opménts are current as of the latter date.
TERMINOLOGY ;-
To the maximum extent possible, terms used in this study are defined
in context as tney appear. Several key concepts peculiar to this area
warrant some initial clarification to provide a common basis of understanding

and preclude fundamental misconceptions.

MSG-2 - The alpha-numeric term is really not an acronym. As originally 4
conceived, it indicated a "Maintenance Steering Group #2." This group
actually formulated the systematic decision logic approach for scheduled
maintenance planning that is the subject of this study. In terms of its
more familiar use today, "MSG-2" has come to refer to the actual decision
logic approach rather than the original group that authored the philosophy.

Reliability-Centered Maintenance (RCM) - As the MSG-2 approach has

been incorporated into the Department of Defense, it has been increasingly
referred to as “"reliability-centered maintenance." Purists will argue that
there is in fact, some distinction in dealing with the mission profiles and
scenarios unique to military aircraft operations. In the most fundamental
sense, however, both terms connote a decision logic approach to scheduled
maintenance planning that will capitalize, to the maximum extent possible,

on the inherent reliability of systems and equipment. Recognizing that RCM

“nHiﬁilndh-uunun-unn-mnﬁ-uunnlh‘
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indicates the Department of Defense adaptation of MSG-2, the two terms
are used interchangeably in the conceptual sense for this study.

REPORT ORGANIZATION

The report begins with an historical trace of the development of
MSG-2 in commercial aviation. Also included in Chapter II is an explanation
of the MSG-2 concept itself and its adoption by the Department of Defense.
Chapters III, IV, and V examine, respectively, the individual Navy,
Air Force, and Army approaches to implementing 0SD direction concerning
MSG-2 in terms of their current programs and future plans.
Selected issues that compare and contrast the Services' MSG-2

program philosophies are discussed in Chapter VI, and resulting conclusions

and recemmendations complete the report in Chapter VII.




CHAPTER II
MSG-2: COMMERCIAL INCEPTION TO DOD POLICY
TRADITIONAL AIRLINE MAINTENANCE

Aircraft maintenance is a critical, integral part of commercial air-
line business. Because profits, as well as performance and public
perceptions of safety, depend on their maintenance practices, airlines find
a sizeable incentive in maintaining both economically and intelligently.

Maintenance philosophies are inevitably intertwined with equipment
failures and criticality. If a particular aircraft hardware element could
affect the safety of passengers, certain key questions demand answering:
When will it fail? What must be done to fix it? After failure, what is

the practicality of continued operation?

In this regard, the airlines have traditionally experienced a very ;
real problem. Much of the equipment aboard an airliner is either safety- '
sensitive or impacts on safety of flight. Thus, for years the airlines,
who could scarcely afford a breach of safety, have routinely monitored,
inspected, or replaced items that provided what was generally accepted
as a margin of safety (29:56).

The McDonnell Douglas DC-3, a reliable aircraft since the 1930's,

provides a good example. In the early days of the DC-3, when airline
and industry experts established what inspections were required and when,
they had 1ittle upon which to base their judgments. As a result, the
DC-3 maintenance program, and many others like it, evolved from the con-

cept of overhaul and disassembly (7:9). That is, safety related components

were periodically replaced and overhauled. The airframe was stripped and
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inspected every three years (29:56). This concept appears to have worked
satisfactorily for relatively uncomplicated aircraft.

It should be noted however, that traditional periodic overhaul and
disassembly was accomplished in a highly conservative sense, without

substantive assurance of need or proof of safety enhancement. With each

subsequent generation of aircraft since the DC-3 era, systems have grown
progressively more complex and sophisticated. Accompanying this increased
complexity have been requirements for more highly trained/personneI, and
more expensive test and repair equipment.

THE DEMANDS OF SIZE AND COMPLEXITY

As aircraft grew in both size and sophistication, there came an

evolving awareness that to continue maintenance programs such as that 3
associated with the DC-3 would be not only uneconomical, but impractical as
well. The overhaul and disassembly concept would keep modern aircraft on
the ground up to half of their lives just for maintenance with a resultant
undesirable loss in revenue. That very awareness seems to have prompted
airlines and airline manufacturers to seek methods by which an airframe and
its systems could define their own maintenance requirements, rather than
imposing arbitrary requirements based largely upon what has been done on
previous aircraft.

In the mid-1950's, when the Boeing 707 was being prepared for its first

U.S. jet airline operation, operators were faced with a mandatory require-
ment to change their aircraft maintenance programs. The Federal Aviation
Agency (FAA) established a board to review new maintenance program proposals. !

Thus, new proposals required justification. Airline and aircraft manufac-

turers established a working group to set up maintenance criteria that




T —

8

would satisfy FAA requirements. While recommendations were derived mainly
from experience, the criteria were also generated on the basis of laboratory
test results and fatigue and static test data (6:23).
MSG-1

The introduction of wide-bodied jets 1ike the Boeing 747 and Lockheed
1011 again posed a whole new set of problems for industry. Those aircraft
were enormous, and sheer size alone demanded that some logical process be
provided to select required maintenance tasks and establish the necessary
frequencies at which to accomplish them. In July 1968, representatives of
various airlines organized a Maintenance Steering Group (thus, the abbre-
viation, "MSG-1") to establish such procedures for the Boeing 747. Those
procedures were incorporated in a Handbook MSG-1, "Maintenance Evaluation
and Program Development" (2:1).

One Lockheed official described the significance of this document in
the following way:

These guidelines provided the first formalized breakthrough in

establishing new criteria for maintenance programs. They

replaced maintenance concepts that had been in use for almost

60 years (7:10).
MSG-2

The MSG-1 effort reflected the airline's strong desire for a Boeing 747
program that would reduce both down time attributable to maintenance and
the costs of that maintenance, while simultaneously improving flight
safety.

Those goals were by no means unique to the Boeing 747. Driven by a

desire to formulate universal procedures applicable to all aircraft, a

second Maintenance Steering Group (MSG-2) was formed. Building upon the
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experience gained through MSG-1 and deleting details peculiar to the
747, the group produced a maintenance program decision logic generally
suited to any aircraft system. The results were published in 1970 by
the Air Transport Association (ATA) as the "Airline/Manufacture Maintenance
Program Planning Document (MSG-2)" (2:1). Subsequently, the FAA approved
MSG-2 as a reasonable and practical method for establishing new aircraft
maintenance requirements, and ATA adopted MSG-2 as a standard for any air-
craft undergoing development (7:11).

WHAT IS MSG-2?

Basic Description

In its most fundamental sense, MSG-2 is a decision logic: a structured,
systematic procedure for establishing safe, economically sound aircraft
scheduled maintenance requirements. By unstated implications, there is an
underlying premise that the resultant maintenance program will be in some
degree streamlined (both with regard to fewer tasks and longer interval
frequency) in comparison to whatever procedures were heretofore used.

Essentially then, the MSG-2 approach relies more on logic and relia-
bility data, rather than personal judgments, to determine what work is to
be done and when. Equipment reliability forms an essential cornerstone in
MSG-2 logic, but several classical notions associated with reliability, age,
and maintenance have been reexamined. These are discussed at greater iength
in a subsequent section, but basically, airline experience and recent
studies have concluded that relatively few items have an adverse age-relia-
bility relationship within the range of their normal operating lives, and
the possibility of maintenance-induced failure clearly exists (14:36).

MSG-2 is founded on the notion that a reasonable maintenance program must

ol
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recognize these phenomena, and MSG-2 does this through the use of decision
analysis.

The basic MSG-2 procedure begins by identifying all maintenance
significant components, their functions, failure modes, consequences, and
probabilities of failure. Once these components have been identified,
maintenance tasks are defined that may have potential effectiveness in
capitalizing upon inherent reliability or detecting degradation in relia-
bility. Finally, the desirability of carrying out these maintenance tasks
is assessed relative to the effect on safety, operational performance, or
economics that the failure of such items would have.

Critical assessment of the MSG-2 concept might prompt one to
prematurely characterize it as 1ittle more than systematic common sense.
Clearly it is at least that. But the real crux of the problem becomes
apparent with the realization that it is early in design that the logic must
be effectively implemented. It has been estimated that "to fully test
equipment for an entire 1ife cycle under completely representative environ-
ments, prior to entry into service, would require that the design (and thus
the technology) be at least 30 years 01d"(24:2). In an age when the half-
life of much technology is probably something less than 6 years, this is
unacceptable in terms of performance and economics alike. Thus, anything
other than analogous information to optimize maintenance costs, is largely
unavailable when an initial maintenance program must be developed. The
MSG-2 concept seeks to provide a maintenance strategy that can directly

confront the problem of decision-making with limited information.




1

Logic Tree

MSG-2 is structured around a series of questions and answers that

are used to determine what scheduled maintenance tasks are required. The
question-answer-default sequence lends itself to a decision tree such as

that shown in Figure 1.

Failure mode with adverse
impact on safety?

>
Scheduled task or
design change.

NO

Function hidden from flight crew
with adverse impact on safety?
Scheduled task, usually

ops check

Impending failure/degradation

detectable by maintenance
or test? J- ~>
Scheduled task, usually
NO periodic inspection.
Demonstrated adverse relation-
ship between age and reliability?—>

Scheduled task, usually
fixed frequency replacement.

NO

No scheduled task required.

Figure 1: MSG-2 Logic Tree

Question #1 asks if a condition after failure has an adverse effect on
operating safety. Based upon analysis, a "yes" answer would require an
effective maintenance task or component redesign if no task could be
identified. A "no" answer directs that the next question be addressed.

Question #2 seeks to determine whether failure of back-up systems that

provide safety protection might be hidden from the flight crew. If so, a




12
scheduled maintenance task or operational check to test availability of the
function is required. If not (failure is observable by the flight crew) the
next question is addressed.

The objective of question #3 is to determine whether incipient failures
can be readily detectable. If so, a periodic preventive maintenance task
should be scheduled, if economically justified. If not, the last question
is addressed.

The final question seeks to determine if there is a specific time
limit before failure that can be reliably predicted. If so, a fixed inter-
val replacement task is generally in order. If not, no tasks are required
for the particular unit being considered (7:14;2:7).

Notice that the first two questions address a paramount issue: flight
safety. The last two questions involve economics and therefore judgment on
the part of the maintenance planner. Tasks of doubtful effectiveness should
probably be avoided for economic reasons. Such tasks could certainly be
selectively incorporated later if in-service experience so indicated,
however. Figure 2 provides a conceptual model of the safety/economy impli-
cations of failure versus maintenance effectiveness that summarize the

objectives of the MSG-2 logic tree.
IMPACT OF MALFUNCTION

- SAFETY ECONOMICS
>
t
Maintenance & Task Task
Effectiveness & | Required Desired
[
>
ey
Qg | Redesign No Task
o 4
O Y4
= W

Figure 2: MSG-2 Conceptual Model (7:15)
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In short, the logic tree attempts to identify all tasks that "can"
be done and have potential effectiveness, then segregates those that "must"
be done for safety and finally those that "should" be done for economic
reasons. Through this process, three categories of maintenance emerge as

shown in Figure 3.

Hard Time Limit - Maximum interval. Remove
and replace

On Condition - Periodic inspection/test to
determine condition.

Condition Monftoring - Functioning viewable to
flight crew. No scheduled
maintenance.

Figure 3. Failure Detection and Maintenance Categories

Hard time limit is akin to the traditional maintenance concept of
fixed frequency replacement. For this case an item demonstrates a pre-
dictable reliability relationship between age and degradation. Thus, at
some conservative point in time prior to predicted failure, it is removed
and replaced.

On condition applies to an item for which periodic (cyclic; recurring)

scheduled maintenance inspection or test can be performed to detect failure,

impending failure, or degredation.
Condition monitoring is applicable to those items that are monitored
by an operator's visual check or by instrumentation and gauges. Thus, no

scheduled maintenance is required. :
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01d Tenets Challenged

The MSG-2 approach is "systematic common sense" and more. That is,
under careful scrutiny, we see that it is based on axioms that depart from
some long-held assumptions and beliefs held in the field of maintenance.
Industry, airline, and defense participants in the evolution of MSG-2 have
identified a number of former assumptions that were reviewed and essentially
reversed under the MSG-2 philosophy (26:4-5). A few are recounted below.

(1) Former Assumption. Poor maintenance is the cause of safety/

reliability problems.

Result of Review. Some poor or inadequate maintenance may con-

tribute to equipment failure, but design is more important. If the design
is inherently unreliable no amount of maintenance can solve the problem.

At most, effective maintenance can keep equipment operating up to the point
of reliability inherent in its design.

(2) Former Assumption. More maintenance is better.

Result of Review. Any maintenance action carries at least the

potential of decreasing, rather than increasing, resistance to failure. Thus,
reducing the exposure of equipment to unnecessary maintenance increases its
operational reliability. Every candidate maintenance task should therefore be
carefully assessed to insure that it is likely to do more good than harm before
it is adopted. One Air Force study showed that 40% of the work required to
restore a sample of F-4's to operational condition was the direct result of
failure induced by previous maintenance (26:5).

(3) Former Assumption. Equipments wear out.

Result of Review. Mr. Tom Matteson, of United Airlines, and part

author of the MSG-2 concept, points out that in some ways the "bathtub
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curve doesn't hold water" for complex equipment (26:5).

Figure 4 shows that traditional reliability "bathtub curve." It is
true that many single component equipments such as tires, hoses, and brake
pads do wear out. Complex systems composed of many single component equip-
ments, such as radios, hydraulic systems, etc., may never "wear out" as

long as the elements within the system can be repaired, renewed or replaced

as needed.

Conditional Infant  Constant Fai1ure: Wear Out

Mortality Rate )

Probability t 1

! '

of 1 t

! |

Failure .

1 Y

Time

Figure 4. Bathtub Curve Correlating Equipment/Component
Age vs Reliability

Probably the essential point here, however, centers on two givens: (a)
there is some probability of damage inherent in any maintenance action, and
(b) there are infant mortality problems associated with returning overhauled
equipment to service. It follows then, that selective staggered replacement,
as opposed to wholesale overhaul (and replacement of nearly every component
at one time) becomes more justifiable for reasons of reliability as well as

of economics.

COMMERCIAL RESULTS

The airlines have applied MSG-2 to both new and existing aircraft in

their fleets. The aircraft shown in Table 1 range in age from the Boeing 707

VETIT LV U B g v -
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Table 1
Percent of Airliner Components in the
Various Maintenance Classes (14:45)
On Condition &
Hard Time Condition Monitored
Originally Currently Originally Currently
707 99 40 1 60
727 55.5 40 44.5 60
737 53 29 47 71
747 - 0.3 - 99.7
DC-10 - 2 - 98
L1011 - 2 - 98

(over 18 years old) to the relatively new Boeing 747. Contrasted are the
percent of hard time limit items prescribed when the aircraft come into
service, with the increased reliance on on-condition and condition monitoring
today.

With results such as those shown in Table 1, the airlines claim to have
realized considerable savings in maintenance man-hours and costs. For
instance, airframe maintenance for the 707, which averaged $56 per flight
hour in 1963, averaged only $40 in 1971 (both measured in 1963 dollars) in
spite of the fact that labor pay scales and material costs had increased
substantially (10:73). During the same period, the aircraft accident rate
decreased (14:45).

United Airlines, a strong proponent of the MSG-2 concept, used the

approach to restructure the maintenance program for its DC-8 fleet with
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equally impressive results. The DC-8 depot interval was extended from

1200 to 2300 hours, time change items were reduced in number from 280 to 10

and by 1975, it reported a posture whereby, on an average, only one engine
was tied up in overhaul for every 100 engines installed on its operational

DC-8 fleet (27:9).

DOD ADOPTION OF MSG-2

The Department of Defense (DOD) has long been concerned with the
burden of operational and support costs associated with its aircraft systems.
Thus it is no surprise that the results of the MSG-2 concept in commercial

airlines were attractive. In fact, Congressional staff questioning and the

Office of the Secretary of Defense (0SD) interest alike gave rise to the
genesis of MSG-2 in DOD (25).

Attractive as MSG-2 results may have appeared in the commercial world,

there was at least some initial reluctance to adopt the approach for

military aircraft. One Service contention was that military aviation
operations were so different that nothing the airlines were doing to enjoy
their reported success had any application to the military environment
(21:48).

The Congressional budget hearings in 1974 signaled the legislature's
growing intolerance for rising military aircraft maintenance costs and
pointed out that each year the military was overhauling and repairing fewer
aircraft than originally estimated but at a higher cost (21:48).

Fortunately, studies were underway in the Department of Defense indicating

that, with minor modifications, MSG-2 procedures could be adopted by the

military (14:2). The military foresaw that a decision logic reliability-based
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maintenance would lead to greater efficiency for at least two reasons:

T T P g T T S VS N R T T T AT Yy

First, it will substantiate calculations based
on actual operational experience for the judgment ;
of maintenance personnel. In doing so, it will
help them avail decision making situations in
which all incentives militate toward doing more
maintenance than is needed. Second, by reducing
the amount of time aircraft spend at the depot,

it will reduce the overall aircraft procurement
level needed to maintain a given level of aircraft
on the line or increase the effective force level
for a given procurement level and allow an air-
craft to spend more of its operating 1ife in the
fleet (14:V).

d Thus, in 1974 the Department of Defense adopted the MSG-2 approach

as a basis for a reliability-centered maintenance program for military

aircraft systems. The Defense Policy and Planning Guidance (DPPG) for that
year called for restructuring the scheduled maintenance programs on exist-
ing aircraft and planning to formulate the requirements for all new air-
craft using a reliability-centered maintenance concept and "the kind of
decision logic which is central to MSG-2" (9:1I1I1-41). The then Deputy
Secretary of Defense Clements identified MSG-2 implementation in DOD as a
specific objective in his Management by Objectives tracking system (25).
Since that time, 0SD has reiterated the MSG-2 policy annually, and in
the 1977 Defense Guidance document it called for the Services to begin
identifying MSG-2 implementation costs by specific aircraft systems in their
|
Program Objective Memorandum (POM) submittals to 0SD: 1
The Services should continue to develop and
implement reliability-centered maintenance
strategies for all new ...(and in-service)...
aircraft. The FY 79-FY 83 POMs should include
and explicitly identify funds for the analysis
required to develop and implement the new

maintenance strategies, including a projected
schedule for implementation (8:II1I1-50).
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The approaches taken by the Service thus far in implementing MSG-2

form the basis for several subsequent chapters in this report.

|
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CHAPTER III

U.S. NAVY: MSG-2 INITIATION IN THE MILITARY ENVIRONMENT
PROGRAM DFVELOPMENT

World War II to 1970's

The U.S. Navy's maintenance philosophy appears to have evolved in a
manner not unlike that seen in the commercial airlines. In the period from
World War II well into the 1950's, the Navy depot maintenance concept was
total overhaul. In the early 1960's, the Navy moved away from total over-
haul to an interim rework concept in an attempt to reduce the depth of
rework between overhaul. The interim rework philosophy evolved into the
Progressive Aircraft Rework (PAR) concept. Formalized in 1962, PAR tailored
rework to equipment age, and the extent of rework was based on the judgment
of the maintenance engineer (7:11).

Organizational level maintenance concepts in the Navy underwent
changes throughout this same era. Before 1960, intervals between aircraft
maintenance checks were controlled on a flight hour basis. In the 1960's,
organizational maintenance came to be based on the premise that a reasonable
correlation existed between calendar time and flight hours. The implica-
tions of that correlation saw a trend toward calendar-controlled maintenance
in an endeavor to more effectively control workload (7:11).

Early MSG-2 Efforts 2

Many Navy aircraft throughout the sixties were inspected at periodic
calendar intervals under the system described above. The P-3 aircraft, for
instance, was inspected every 26 weeks. There were nagging indications,

however, that calendar oriented maintenance might not be the optimal
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solution. In some cases, an acceptable correlation between calendar time
and flight hours was either non-existant or not discernible. P-3 utiliza-
tion during its 26 week period, for example, was as low as 100 flight hours
for some aircraft and over 800 flight hours for others (7:11).

By the early 1970's, shortcomings in the calendar system along with
growing concerns over increasing support costs prompted the Navy to explore
alternative aircraft maintenance philosophies, including those in use by
the commercial airlines. In 1972, Naval Air System Command (NAVAIR)
requested Lockheed California Company to investigate the feasibility of
adapting their L-1011 Tri Star maintenance program (MSG-2) to the Navy's
P-3 Orion aircraft. These early investigations indicated that the MSG-2
planning procedure could, in fact, be used as a basis for developing an
improved maintenance program for the P-3 (7:11). The resulting P-3 program
is discussed at length later in this chapter.

In the ensuing two year period, 0SD staff officials explored the
commercial program for possible adaptability in the military. In-house
studies confirmed the potential for improved maintenance under the MSG-2
philosophy. One 0SD assessment indicated:

The logic is fully applicable in the military
environment. Two studies prepared by the
Center for Naval Analyses . . . show a potential
50% reduction in the frequency of depot
maintenance of the Navy's F-4's and a potential
53% reduction in the cost of depot maintenance

of the Navy's aircraft gas turbine engines
(26:8).
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PILOT MSG-2 PROGRAMS

; P-3 Improved Maintenance Program

The MSG-2 feasibility study for the P-3 aircraft system began in
November 1972 and was formalized in 1973 as the P-3 Improved Maintenance
Program (IMP). Overall objectives were to reduce scheduled maintenance and
increase aircraft availability through the application of MSG-2 analytical
techniques.

Program responsibility was assigned to a development team as shown

; ' in Figure 5. ]
: Management - NAVAIR
Technical Analysis - Lockheed
Consultant - United Air Lines f
Trial - Patrol Squadron 40

Figure 5. P-3 MSG-2 Development Team (7:11)

Lockheed, under NAVAIR management, formed an analysis group to develop
the maintenance analysis that formed the basis for IMP. The group consisted
of highly experienced former Navy and airline personnel who had firsthand

knowledge of the P-3, the Navy environment, and the MSG-2 concept. United

Airlines, with its extensive experience in the latter area, was hired as a
i consultant for the effort. i

The MSG-2 analyses were tailored to accommodate the U.S. Navy's

operating environment, mission scenarios, and safety requirements, although |
there appear to have been few significant detractions from the commercial

versions. The basic conceptual algorithm for the tailoring was: Military
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Considerations + Commercial Technique = IMP. Common considerations were:
flight safety, mission reliability, and economics. Primary military con-
siderations were operational environment and mission envelope (7:12).

The analyses were based on the following premises:

1. Hardware design determines inherent character-
istics of safety, reliability, and maintainability.

2. Scheduled maintenance is not always effective,
desirable or economical in preserving these
inherent characteristics.

3. The aircraft and its components, when properly
examined and analyzed, will dictate required
maintenance.

4. A large percentage of aircraft components can
fly-to-failure without degrading flight safety
or economics (7:12).

The logic tree approach described in Chapter II was followed virtually
the same as it was intended in the commercial environment.

Patrol Squadron 40, based at NAS Moffett Field, California, was
designated to evaluate the program. The test began in August 1973 and was
completed in January 1974. Success with the trial program then prompted the
Navy to implement IMP fleet-wide on the P-3 aircraft. Total P-3 program
implementation was completed in March 1975 (7:12).

Program performance results can be expected to mature in validity and
associated confidence with the passage of time (and thus increased sample
size). Short term results are nonetheless impressive, even by conservative
standards. As summarized in Figure 6, the P-3 depot interval was changed
from 36 months to 60 months. Reduced depot processing at the P-3's Naval

Rework Facility, Alameda, California, has resulted in a savings of 2000

manhours per aircraft that represented approximately $3.41 million in
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"cost avoidance" in FY 1976 (12:18). (The distinction between "cost
avoidance" and "savings" is discussed in Chapter 6; conceptually, at
least, "cost avoidance" may be reasonably thought of in the same context as
the more widely understood term, "savings"). Elimination of the Functional

Check Flight requirement following P-3 phase inspections produced additional

savings of $28,000 (12:18).

Depot Interval Extended (36 to 60 mos)
Depot Savings

- 2000 manhours :
- $3.41M in FY 76 3

FCF's eliminated after Phase Insp. ($28K/phase)

Figure 6. P-3 MSG-2 Results (12:18)

S-3A Program
The P-3 program was intended to demonstrate whether or not the MSG-2

process could be successfully applied to in-service Naval aircraft.
Alternatively, an effort was needed to determine if the approach was
similarly suitable to a new procurement Naval aircraft, such as the S-3A.
A contract was awarded to Lockheed California Company in May 1972 to
develop scheduled maintenance requirements for the S-3A. Again, Lockheed
used airline consultants in their study and realized such attractive i
savings as a 50% reduction in maintenance manhours (compared with the require-

ments expected from conventional strategies) (14:46).

Of the more than 1500 structural items and components considered, 496

were determined to be maintenance significant by use of the MSG-2 logic tree.
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Of these, 335 fell into the condition monitoring class, 137 into on-
condition, and only 24 into hard time fixed replacement. The study also
showed that approximately 90% of the S3-A critical structural items pro-
vided external evidence of degradation. Thus, continuous monitoring of
their integrity without dJepot inspection was possible (14:47).

The S-3A study was equally encouraging, then, in terms of feasible
MSG-2 application for new system acquisitions. While the data base of
actual field results in thus far considerably more limited than that of the
P-3, Tables 3 and 4 in the next section show evidence of favorable, tangible

benefits already.

CURRENT AND PLANNED EFFORTS

Analytical Maintenance Program

Motivated by early experience, successful MSG-2 pilot programs, and
unmistakable 0SD guidance and direction, the Navy has adopted MSG-2 as the
basig for all of its aircraft scheduled maintenance planning. Formalized
under the name "Analytical Maintenance Program" (AMP), it is intended to
eventually encompass all existing and future Naval aircraft systems. Rear
Admiral Faulders' assessment of the program confirms that intent:

The scope of AMP coverage today is quite
extensive. The objective is to have all
front line aircraft operating under rede-
fined maintenance programs