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AB.1TRhCT

NVn analysis of the U.S. Naval Academy's building equipment preventive
maintenance program was conducted. The equipment of six buildings of

"0 various ages and uses, and typical of buildings found at most Navy
bases, were selected for study. The analysis included an
investigation into the relationships between equipment failure and
age, preventive maintenance inspections and equipment failure, and
preventive maintenance actions and equipment failure. Management
issues regarding the preventive maintenance program were also
examined.

The results of the analysis indicated that the Academy was
over-maintaining some of its mechanical equipment. This was proven
by applying cost and linear regression analysis techniques to the
equipments' history records which included periods of' both high and
low accomplishment rates of preventive maintenance. There were also
some significant deficiencies voted in the computerized and manual
management systems used in the administration of the preventive
maintenance program. Specific recommendations for program
improvement as well as a proposal for an ideal preventive maintenance
program were provided.

Thesis Supervisor: David H. Mat's

Title: Professor of Civil Engineering
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CHAPTER 1 INTRODUCTION

Equipment preventive maintenance (PM) systems are

widely accepted and used for reducing overall equipment

life cycle costs. These costs include those associated

with the equipment's acquisition, operation, maintenance

and repair. PM is commonly considered to involve necessary

support actions such as equipment cleaning, adjustment,

replacement of disposable parts, and minor repairs

resulting from some form of equipment inspection.

Successful PM programs are rare because maintenance

managers are universally overworked, provided inadequate

resources to work with, and are given an overwhelming

maintenance workload backlog (Harris, 1983).

The U.S. Navy requires its managers to include

facility maintenance as one of their top priorities, but

building equipment maintenance is sometimes neglected,

, 4mariy because its effects are not immediately apparent.

An excellent example of this is found at the U.S. Naval

Academy in Annapolis, Maryland. The facilities at the

Academy are beautifully maintained, but the equipment

inside the mechanical rooms of these facilities is

sometimes overlooked.

The Academy's preventive maintenance inspection

program provides the framework within which equipment

preventive maintenance is scheduled and performed. It is

currently being critically reviewed by the maintenance

6



managers responsible for its planning and execution. Two

hypotheses regarding the program will be tested as a way of

complementing the Academy's efforts to identify and resolve

PM problem issues. First, preventive maintenance

scheduling techniques appear to result in excessive

maintenance being performed on the equipment. In order to

determine this hypothesis' validity, linear regression

analysis techniques will be used to examine the equipment's

historical relationships between equipment failure and age,

preventive maintenance inspections and equipment failure,

and preventive maintenance actions and equipment failure.

The cost of doing preventive maintenance will also be

explored. The second hypothesis is that equipment

maintenance suffers as a result of administrative barriers.

Comparison z f Liie kcadewly'- progt'aw witn PM managerial

issues presented in the literature will be done.

Subseql.ent chapters will be dealing with the different

aspects of equipment maintenance in some e Ch~pter 2

provides a bacXground into generai PM terminology and

concepts. In addition it alto describes both theoretical

and practical PM policies which are generally aicepted and

widely used. Cnaprer 3 describes the Acadeimy't PM pro•ra

including overall zcope, mana etent te;hn&4uea and

administrative proce4urei. Building on the information of

th~e preiou.a 1,wo th~e Anl~aiz or wthe A~a-'

prograt.is perfornid in Chapter 4. The teo~aoy seJ in

acquiring *.ne data and the anyget themseiveg are

7



presented. Equipment history, PM program cost informationInd management methods are investigated. Specific

recommendatio)ns for improvements within the existing PM

program are offered. Chapter 5 presents a proposal for- an

ideal PM system at the Naval Acaoer.y. Because of its

significant shift from the way the program is now

established, implementation barriers are identified and

recommiendations for realization are provided. It is felt

that many of the ideal program's featu,'es are applicable to

a broad spectrum of equipment maintenance prow-ams at

agencies both inside and outside of the Navy. Chapter 6

provides a mariagemert.-type summary of the conclusions and

recommendations of the previous chapters.



CHAPTER 2 PREVENTIVE MAINTENANCE THEORY

Preventive maintenance events are those routine,

repetitive actions such as equipment inspection, testing,

lubrication, cleaning, minor adju3tmentz and minor part

replacements, wnich together share the goal of extending

building equipment life and avoiding unanticipated

equipment failure. Some of the significant factorz leading

to equipment failure include the adverse effects of the

environment, overload conditions, equipment misalignment,

equipment age, externally imposed physical damage,

lubrication inadequacy, and generai material degradation.

As costs are involved with equipment failure, PH is ideally

designed to lower overall life cycle costs 3sociated with

equipment operation. These costs include not otily direct

equipment and PM labor and overhead cost3, but also the

ndifrect cozts vezultIng from the disruption in Sev r•o3

proviaed •.'y the equ.pment. P14 scnedulin; apeotz, record

~epng ;-m~tt~ano. t=anagcent reporting yat~ems3 are

topic. that have been 'i uazed frequently In the

lierature. To nate much of uhta has been written hal

ehibexfn very theo-epiZai regarding acheodung vency

Sof e q,-;lp.e ent and authored by oparation a rh

Aor very p ll oriented and Authored b,:

*t 5izyn a, :oormt and contra...-

-1r.re. lyrretl;l~ it ap e r '.; th P.



between these two extremes is being bridged in the area of

facility equipment with the ;ppllcaZion of reliability

centered maintenance to physical plants. This chapter will

pres-ent a review of some of these PM concepts as they apply

to facility equipment.

2.1 Freventi:e Maintenance Concepts

There are a number of' ways to approach the equipment

maintenance problem. One possibility is to dto no

preventive maintenance and react to each equipment casualty

ci in a crisis management style. performing corrective

* maintenance or replacement only at the time of ttae

casualty. A second alternative involves an austere

* inspection program whereby infrequent observations are made

to determ-ine which pieces of equipmeni. are iL :ne worst

snape, and ,en setecutin mem for appropriate maintenance

Vor replacement iýcttons on a priority abasi-.V Ti ry,-

opportunia !'t ainte-oarte eoui4d ber done by ~h~~~

ovrt4l r,& notr op ttc.n. i 3 t a p erio dI;all;. -ia t

* ~5et Z~ton tlht e of ýýtz 4ct. rin:tSon-e

orA 0 et preventve ý-tAj:1teqnahfl InI eq,.tion touh

*Perfor~tet wtifl Void# enn!4nc-e the Safy4 rekeabJ, awt

opflrti~h Iqcsinov fAarac-rstc o h

IA0

tY., • -! .



efficiency, operations effieciency and fiscal efficiency

(U.S. National Bureau of Standards, 1982). A proper

combination of the approaches mentioned above, tailored to

an agency's individual circumstances, would greatly assist

in the attainment of those goals. Little has been done in

the past by maintenance managers to upset already

implemented and accepted, but not necessarily effective

equipment maintenance policies. In all fairness most

maintenance managers are very capable people who are faced

with recurring limitations in human resources, bureaucratic

_.M- .0efficiency, organization adaptation, equipment

maintainability, physical environment, and funding support

in all their areas of responsibility (James and Green,

1979). PM is usually and unfortunately ignored or

relegated to a low priority because its benefits are not

always immediately apparent or fully appreciated by the

maintenance manager's supervisors. Subsequently, risk and

the rate of equipment failure increase due to a lack of

maintenance attention, arid a viscious circle ensues as more

and more resources are devoted toward breakdown

maintenance. The end result is a costly maintenanceV operation because of increased inefficiency.

The cornerstmne of an equipment maintenance program is

preventive maintenance. PM programs typically feature

scheduled PM inspections, the frequency of which are often

based on ultraconservative and antiquated estimates of the

needs of the equioment. Under such systems, emphasis has

0X 3 3 11
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been placed on getting the mechanic to do things righ-, but

little attention has been paid to doing the right things

(Smith and Matteson, 1985). The following sections in this

chapter will touch on the theoretical concepts and

alternative PM policies currently available to maintenance

managers.

2.2 Theoretical Preventive Maintenance Policies

Theoreticians use mathematical models to try to

describe events which occur in the real world. Maintenance

models are designed subject to the following conditions:

a)state of the system including age and overall condition;

b)maintenance actir- ailable, e.g., inspect, repair

and/or replacement; c)time horizon involved; d)knowledge of

the system including costs and failure distribution; e)type

of model, i.e., stochastic or deterministic; f)objective of

the system model; and g)methods of solution, e.g., linear

regression (Perskalla and Voelker, 1976). In general,

equipment maintenance models can be classified into two

broad categories: preparedness models and preventive

maintenance models. In each type, equipment is assumed to

"fail stochastically. Preparedness models further .ssume

that the actual state of the equipment is not known with

any certainty, while preventive maintenance models assume

that the state is known with certainty. States are bounded

by "new" and "failed" conditions with different degrees of

deterioration reflecting intermediate states. Equipment

condition movement from state to state is governed by

12
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probability mechanisms which are either known, partially

known, or unknown (McCall, 1965).

The choice of a failure distribution which accurately

describes equipment behavior is difficult and often

dependent upon individual equipment and 3ystem

characteristics. For the purposes of this thesis, data

analysis will be performed using linear regression with

some comparison made to *he characteristics of the Weibull

distribution.

The Weibull distribution is an accepted distribution

- used to deal with Qomplicated systems whusc ope.Aation

relies on the individual components that ma'ke up the

system. Dynamic equipment falls within this category. The

Weibull distribution is defined by its density function

which is

The graphs of the density function are provided in figure

2-1. The resulting hazard or failure rates as defined by

shows the failure rate of equipment for different values of

*• beta. Summing the curves of figure 2-2 in figure 2-3, the

so called "bathtub" curve results. In'.uitively thi3, curve

is easy to accept because new equipment expericnice-s frilure

at a faster rate due to the cumulative e4'fects oC chance

and the inherent "bugs" present in such equiApment.. The

_ •13
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Figure 2-1. Weibull Distributions

Figurp 2-2. Weibull Hazard Rates

Figure 2-3. Bathtub Curle

S 4,. Ifir
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equioment then fails at a constant rate by chance until it

begins to wear out at a faster rate due to the added

condition of advanced age.

PM should positively affect the performance of

equipment. Generally PM is broken down into two

categories: PM inspections and PM actions. PM inspections

involve little more than an aural and visual observation of

the equipment in operation, perhaps augmented by some small

maintenance task such as minor lubrication. PM actions go

beyond inspections to the next level of maintenance when

the equipment requires minor repairs or adjustments. A

re-tightening of a ventilation unit's fan belts is an

example of a PM action. Figures 2-4 and 2-5 graphically

indicated how PM inspections and actions might conceivably

affect equipment performance as compared to the number of

breakdowns. More PM should usually result in fewer

breakdowns than would occur if little or no PM was

performed. PM actions should have a more positive effect

than PM inspections, and the relative slopes of the curves

indicate this. The relationship between PM and breakdowns

is assumed to be linear since it is mathematically simple

to determine and yet still accurate enough for the

practical purposes of analyzing the effects of the Naval

Academy's PM program on ecuipment performance.

2.3 Practical Preventive Maintenance Policies

A preventive maintenance program can be based on

periodicity or equipment condition, or a combination of the

15

3SNd N IN~iN3 (i-ynjnod f



Figure 2-4. Effect of PM Inspections on Breakdowns

NU.MBEP,

OF PM

I S p sopr.'nT S

HAUMSIte oF 13KEAKDOWNS

Figure 2-5. Effect of PM Actions on Breakdowns

OF PM
"AC"ONS

tjUUmlE.R or •.EAKDDOWNS
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two. Periodic PM may be scheduled as a result of the

passage of calendar or equipment operation time. Condition

based PM requires some method of equipment inspection

and/or monitoring. An optimal PM policy minimizes the

total cost resulting from both inspections and equipment

failures while maximizing equipment availability. The

different types of PM policies currently being used are

termed preparedness, sequential, periodic and reliability

based (McCall, 1965).

Preparedness PM policies are designed for equipment

_ that has been placed in storage to be used in an emergency.

As a result, the type of PM program chosen is intended to

maintain an acceptable level of equipment readiness. This

type of PM policy has little practical value for most

facility maintenance managers and will not be discussed

further.

The second type of PM policy in use is the sequential

PM policy. As it is primarily concerned with equipment

undergoing rapid technological changes, this policy is more

concerned with equipment replacement than equipment

maintenance. It, too, has little application for most

facility maintenance managers.

* The most familiar and widely used maintenance strategy

-Is the periodic PM policy. Equipment is inspected on a

po edetermined periodic basis and repaired when defects are

noted. Little, if any, thought is given to equipment

replacement under this policy. Breakdowns are frequently

17
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very disruptive and are generally responded to in a crisis

management style. The most salient feature of periodic PM

is its ease of being understood by all who have to work

with it.

Unfortunately many PM inspections performed in

periodic PM systems are invalid, unnece.2ary and redundant.

Because the PM workload is often given a low priority and

frequently overwhelms the manpower resources of a

maintenance staff, scheduled inspections frequently are not

done, and/or the actions that are taken involve hurried and

faulty workmanship (U.S. National Bureau of Standards,

1982). In such cases the PM program is almost worse for

the equipment than no program at all.

The newest PM policy being practiced is that of

reliability centered maintenance (RCM). First successfully

used by United Airlines beginning in 1965 for aircraft

maintenance, RCM has recently crossed over into facility

plant maintenance. RCM assigns maintenance tasks which are

directly related to equipment failure modes, the risk of

*• failures, and their consequences. Five steps involved in

one RCM process for physical plants are: 1)Information

Collection--plant design, maintenance history, operating

procedures, etc.; 2)Identification and Partitioning--a

breakdown of the plant into subsystems; 3)Requirements

Analysis--a breakdown of significant subsystems in terms of

failure modes, failure consequences, failure history,

built-in redundancies, etc.; 4)Preventive Maintenance Task

18
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Selection--type and frequency of PM, and/or repair or

replace recommendations, and/or recommended plant design

changes; and 5)Packaging--an assembly of a complete

maintenance plan (Smith and Matteson, 1985). Although this

paper deals with facilities other than physical plants,

many of the concepts of RCM can and will be applied to

general facility equipment maintenance in subsequent

chapters.

9..'

19

SI.



CHAPTER 3 DESCRIPTION OF U.S. NAVAL ACADEMY PM PROGRAM

The Public Works Department of the U.S. Naval Academy

is responsible for maintaining facilities with an estimated

replacement cost of almost two billion dollars and an

annual viewing audience of a few million visitors. hike

other Navy activities worldwide, one aspect of the

Academy's facilties management effort is its Preventive

Maintenance Inspection program. This program is based on a

periodic PM policy. In 1983 the Academy scheduled 44,244

manhours of PM and accomplished 38,101 manhours through its

Civil Service workforce. PM generally accounts for about

5.5% of the Department's Maintenance Division workload in

terms of manhours expended, and the 1983 manhours

accomplished translate into an estimated annual cost (1985

dollars) of about a half million dollars (USNA, 1983 and

1985). Table 3-i is a summary of annual PM inspection&

broken down by work center or shop. Table 3-2 is a

modified verzsion of the Academy's priority matrix for work

accomplishment (USNA, 1979). Of eleven prioritized

elements, with number one being most critical and number

eleven least critical, routine preventive maintenance is

ranked a lowly eighth. On a similar scale for Navy-wide

facility applications, the relative ranking of routine PM

is about the 2ame (U.S. Navy, Nov 1977).

Virtually eve:ry piece of dynampic equipment at the

Naval Academy iz included in the PM program. Scheduling

20
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Table 3-1. Total 1983 Naval Academy PM Inspections

Minimum Avg Time
Number of Manhours, For Single

!Work Center Inspections Required PM Check

04 Machine Shop 10,056 5,374 .53 hrs/job

06 Electric Shop 5,112 3,621 .71 hrs/job

07 Air, Cond & Ref 10,964 7,278 .66 hrs/job

08 High Volt Dist 638 1,027 .62 hrs/job

18 Environ Control 1,001 871 .87 hrs/job

19 E/S Perry Center 668 2,292 3.43 hrz/,io'b

* TOTAL 28,439 20,469 .72 hrs/ job

*No time added for travel, etc.

Table 3-2. Naval Academy Priority Matrix

S... ..... ......... . . ... ..L

* LJ

is tj i~t#i j1 'dvf3aCj to i A v ai a nf10Jd3FN



frequency is based primarily on past practices, e.g., pumps

are almost always inspected quarterly because that is what

has traditionally been done. In their equipment handbooks,

most manufacturers leave the PM scheduling up to the user

because of the variables associated with environment,

loading, use, etc. Other sources of recormmended PMI

frequency have periodicities for different types of

equipment which fairly closely resemble those used by the

Academy (Grothus, 1976; Sack, 1963; and Seboda, 1978).

Administrative control over the FM program rests with

the Public Works Department's Maintenance Control Division.

ELtentially one person administers the PM program in this

division. The Maintenance Control Division is a 3eparate

entity from the Maintenance Divisicn. The latter a-tually

performs the PM w1ýh some of its approximately three

hundred personnel. In fact ýnese two divisions are the

prime players in a cheek and balancc arrangement. The

Maintenance Control Division does the istinating for the

work and 3cnedulea it on A monthly basis. The Maintenance

Divisioi; refines ttie acheCle to meet its diily needs and

aetually performs the worx. As a governmental entity. this

separation of runctions is necessary because it helps

alleviate the possibility oi waste an4 abuse of materlalS

and labo-% within the departnent. Variancts (nteriaiz and

labor o ¢un~er:-n. etc.) ~Associated wih a ýob ire

i idenI AId, investigated and resolved between the two

4 ivIsions. Anotner advantage to this org •Ia iotaI

22



arrangement results from the distinct assignment of job

responsibilities. Each person's role is clearly defined

and the expectations associated with a role are well

understood. From an operational standpoint, however, there

is some inefficiency involved in this type of organization.

Redundant site visit3 by various members of both

divisions, and the tendency for the estimator and foreman

to Jiffer in their approach to a job are two such examples.

But generally the system works well.

Another important factor in PM is oarts supply. This

is an issue wnich will not be discussed in this thesis

because it is not the responsibility of the Public Worzs

Department.

Up until 1984, a month's workload of PM inspections

were passed to the Maintenance Division in a hard card

form, a sample of which is provided in exhibit 3-I. This

card, identiý:al on front and back, provided basic equipment

information and liated In numeric format the PM checo

points that were to be aý:omplizhed or 3 given pieve oW

* equipment. These cneci pointa are :esacrbed Ln Navy

publication nAVFAC mO-322, a zample page of wih,

torresponding to the exnIbited iad card. ia provided In

aexnitit 3-2. On the card the nechanlc inicatel what *ype
-O in -cnne iction te perfortmed. These Qimr wore then

re.i-ne'. "o tte 47intinance Control Di''llon wnere thev

* were held ;ntil the nest in3ection tycie.

In 4% effort to adiniatrntiveiy ref;ne the PM a7•;en,

J~f:;d l ~i2' iI1~o~~iv13 n1x~30 ____________________________
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MAINTENANCE INSPECTIONISERVICE CHECKLIST

"MlOTOR/PL, ASSELBLY

Lc t Guide No...
Cha•ck~oomt Dwfý.ril01t

-Safety -Comply with all current safety requirements.

S1. Check for leaks.

2. Check gauge glass.

3. Check for leaks arouna pump packing gland. 3epack. replace orS~tighten as required.

4. Lubricate pump.

S. Check oil level in reductiom unit. Add oil as required.

6. Lubricate electric motor where applicale. 00 .'OT OVER
LIURICATE.

7. Check relief valves for proper operation and pressure release.

* Adjust as required.

8. Che~k motoc for excessive noise or vibration.

F 9. Clean filter and strainer,

_.•10. Check all pipe hangers and supports. ti.ghten if necessary.

11. Check for rust and corrosion. Remove rust and corrosion and
apply paint where applicable.

.12. Inspect wiring and electrical controls for loose connez:ions;
cnarring. broken or vet insulation; evidence of snort :irzjit-
cng, and other deficiencies. Tighten. repair or replace as

r equired.

• 72

Exhibit 3-2. PM Checklist

--'
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the PM hard card was replaced with a word processor

generated paper sheet in 1984. This sheet, as shown in

exhibit 3-3, essentially provides the same informaticn as

the PM hard card, but in a slightly less "user friendly"

form. The new sheets had three pieces of equipment listed

per page and could not be as easily arranged by the

mechanic in a logical manner by location as the old cards

could. Since new sheets were generated each inspection

cycle, they did not provide for a snapshot carryover

maintenance history on a piece of equipment as the old

cards did. In both the card and sheet systems, if the

mechanic identified a discrepancy he could not repair on

the spot, it was written up on an inspector's report and

sent to the Maintenance Control Division. They then

initiated some form of work order depending on the scope of

the work involved. Also in both systems, equipment

breakdowns were documented using the emergency and service

work authorization form depicted in exhibit 3-4.

Currently the Naval Academy is transitioning over to

yet another administrative PM system. This one is the

result of a recently arrived, Navy issued, mini computer

based facility maintenance system known as BEST, an acronym

for Base Engineering Support Technical. PM is one of the

software modules of the system which includes modules for

most Navy Public Works Departments' functions. The Academy

is one of the first of many Navy activities to receive

BEST. There will be a great deal of work required to input

26
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Card Shop Building Building Item
No. W.C. Name Number DescrIption
740 O4 Luce Hall 112 H.water pump.277GP?:.15HP,frame 05

Item Hfr. Serial Model
Location Naze Number Number*
Ylecn.Rm. Taco Inc. ILO-conr.Model# SE3012103C5KIH11

Inspection Check Point& Frequency Month
Guide for Inspection Required Due
MO-322,Vol.2,pg.72 1-42 Q Fe: May Aug Nov

Date Insp.'s Insp. Hours Deficiency Reocrt made
Sn".. Initials Std. /Used Yest , i

Card - Shop building Building Item
No. 't.C. Name N1.ber Descr:i:ton
741 U-- Luce Hall 1_- Conoensate pump i, 3-HP

" item . Serial Made.
iccation Name Nur e r Nser• e r

Mecn.t. Federal Pump Corp. B50769 CCV-:560-2

Inspection Check Points Frequency
Guide for Inspection Recuired Due
XO-32.,Vol.2,pg.72 1-12 q eb. .". Aug Nov

Date :nsp.'s Inap. Hours Deficiency R./.: Made
__ tn_2I__S Std. /Used Yee, -

Card Shop Building BuJi1ing ::em
No. W.C. Name N;ui=er Descrt:ticn
,7. 0.. Luce Hall Cz:n:ensa:e pu=; :,

:tem Mfr. Serial Xe
Loco, !on Nane Nunber ____e_

Feoera: Pu=p Ccn.

Znspe:+ion Check Pc±n:s F:::ccin
G-4 e fcr :ns=ectrcn .e:re: . ..

_"-e 's ".Hours :-:±e' -.

Exhibit 3-3. PM Paper Sheet
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EMERGENCY/SERVICE ..L7......
WORK AUTHORIZATION

-Public Works Depatmgfnt -*-'

U.S. Naval Academy ,•
C Annapolis, Maryland L , p;•w '

77J

O ' J Q I 4 P2

0 I

I 4 ®R
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the equipment inventory into the system's database and then

identify the appropriate check points for each piece of

equipment. A sample copy of the BEST PM workorder provided

to the mechanic is shown in exhibit 3-5.

Organizationally the actual PM workload is apportioned

among the appropriate Maintenance Division trade specific

shops which are staffed with mechanics from the various

construction trades. Each shop foreman is responsible for

carrying out his assigned month's PM workload. Prior to

"1982, there was a single designated PM Shop consisting of

about twenty mechanics from various trades. This shop had

the responsibility for performing almost all of the

Academy's PM functions. Management decided to disband the

PM Shop and disperse the mechanics to the trade specific

shops in hopes of leveling out the manpower resource

requirements in the trade specific shops. Within the

Maintenance Division there exists two multi-trade

emergency/service shops designed to fix those broken items

which require less than sixteen manhours to repair. There

is no easy way to compare their repair records with the

other shops' PM records in any of the three PM systems or

the two PM organizations the Academy has recently u3ed. It

is also difficult to obtain accurate cost data associated

with the PM program. Consequently little analysis of the

program was ever done at any level of Academy management.
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Exhibit 3-5. BEST PM Work Order (Page 1)
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Exhibit. 3-5. BEST PM Work Order (Page 2)
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CHAPTER 4 ANALYSIS OF THE U.S. NAVAL ACADEMY'S PM PROGRAM

Typical of most maintenance organizations, the Naval

Academy has not devoted a great amount of management

analysis effort to the PM program. Things have

organizationally and administratively changed over the past

few years as has been noted, but the consequences of the PM

program on the equipment have not been studied. This

chapter will deal with the issue of the relative success of

the Academy's PM program based on historic data.

4.1 Information Gathering

The Naval Academy is often considered to be a unique

Navy activity in that it has the reputation for being more

than adequately funded because it is, in many ways, the

Navy's showplace. Although this impression is true to a

degree in some areas, equipment preventive maintenance does

not share in the limelight. In addition there are many

facilities that the Public Works Department maintains which

closely resemble facilties at a "typical" Navy base. Five

facilities of this type comprising a cross section of age,

mechanical system complexity, and purpose were selected for

study, as well as one relatively new academic building

which contains a multitude of mechanical systems requiring

PM. These buildings are described in tabular form in table

4-1. Since mechanical equipment accounts for the vast

majority of the PM workload, only that area of PM will be

investigated. Newer and extensively rehabilitated

32

4s?3da• 1ý1i3iNNAOS LV n3oWaO.d3?.



Table 4-1. Selected Facilities by Age

Pieces of
Building Year 1979 Mechanical

Number Built Age Size (SF) Equipment Building Use

590 1975 4 300,000 576 Academic building, also
contains large mechanical
rooms providing academic
complex support

579 1970 9 10,000 57 Central Heating Plant,
provides high temperature
hot water as heat source
throughout Academy

"0 571 1966 13 41,000 84 Public Works Department's
shops' spaces

89 1952 27 30,000 25 Recreation building,
contains gymnasium and
theater

58 1942 37 6,200 6 Naval Station administrative
offices

-46 1941 38 61,000 52 Enlisted personnel
barracks and galley

N4
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buildings at the Academy characteristically are more

mechanically complex, and thus require more maintenance

attention than older buildings. This is generally the case

of the buildings selected for study, although the

building's purpose is also a f'actor.

Preventive maintenance records, both hard card and

paper sheets, were obtained for the mechanical equipment in

the selected buildings for the years 1979 through March

1985. A history of mechanical breakdowns were obtained for

1979 through June 1980 and June 1982 through March 1965.

Unfortunately the missing two year periods' breakdown

records had been disposed of. The raw data gathered is

provided in appendix A. Field interviews were held with

the division directors of the Maintenance Control and

Maintenance Divisions, as well as the PM program

administrator, shop foremen and PM mechanics. A visit to

each of the buildings being studiea and an inspection of

their mechanical equipment was also conducted. Data

accuracy was assumed to be good, although a minor problem

ia created by the different expertise and motivational

levels of the mechanics involved in the program. But

because mechanics were frequently rotated within the

program, thiz effett was assumed to be negligible.

4.2 Data Anaiysij

Figures i-1, 4-2 and 4-3 graphically sho* the numberz

of PM in3pecton5, PM actionz and equipment breakdownl,

respectively, thal. were experience4 between 1479 and March

0I
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1985. PM inspections remained at a fairly constant level

under the hard card 3y3tem through the organizational

change in 1982, continuing on into 1983. The paper sheet

system, implemented in 1984, has been a disaster in terms

of the numbers of PM inspections being done each quarter,

even though the number scheduled for accomplishment has not

changed. One major reason for the drop off is the

cumbersome and fragile form of the sheets themselves. Many

mechanics each month literally try to cut and paste the new

sheets together so they can be put into a more logical

* geographic or equipment related zequence. Notes such as

"pump closest to the wali" and "motor warm, check

carefully," which were on the hard cards, are lost from

in.pection to inspection becaAse new 3neetz are generated

Co.- each inspe-tion eyRle. iesc.heduling of non-tompleted

PM usually occurs, but the PM is not always atcomplished

due to the nurnber ot' PM inf,,Pec t ion3 ;jýýeuled each mon th

PH 3ictions inzr:.-ased saicnlticantly when respon.31bility1! or PH was azzigned *.o *-i trade spoci.fic -:nopn in Oia-2.
* ~They were maintlined at ZA rflatively hi~ln level uzntil .

pape zhet 2yatemz waz implient.ed. beiaus-e *theri IS no

pla';e on the sheet to Acu=tent any rvpainr Adto a

durn;an 1:11e-Ction. 7IrtW..y noine was otený

Co s e qn t t h I z r o rtýa t e o e p za nn er An e

$i`-Or7 waý

on 4r 4 ttj: 1ý yen t the fiaz*. Thtbe nvu

pa e:4 iyý-temt u3 xprlen--inz tthe oeffr, of a

.--
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learning curve during its initial implementation.

Unfortunately the system's faults seem to be much more

serious and lasting than that. The administrative burden

of the sheet system is hard on the mechanics as well as the

PM program administrator. The cards, complete with their

snapshot of PM history, were durable and relatively easily

arranged and filed in a visible file index. The sheets are

unwieldy and are typically placed in cardboard boxes after

a cursory review.

The number of breakdowns during the period displayed a

general rising trend, probably due to the increasing age of

the buildings studied. More ana-lysis will be done on the

subject of breakdowns on a building by building basis, and

also by studying the patterns of breakdowns over the

spectrum of all of the buildings' ages. Overall anywhere

from about two to nine percent of the equipment broke down

in a given quarter.

Three important relationships were examined for each

"building on a quarterly basis. They are 1)the number of

breakdowns versus building age, 2)the number of PM

inspections versus the number of breakdowns, and 3)the

number of PM actions versus the number of breakdowns.

Linear regression analyses using the method of least

squares were performed. The matheemati;.al results 'f the

analyses are provided in table 4-2, while a dIjcu4sLon of

nte results follows below.

SIn ener 3 t e Žcfefeoc;nts " Of Ceter minatIon 4n d
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correlation coefficients for each of the relationships by

building were fairly low. What was significant, however,

were the trends exhibited by almost all of the

relationships when compared on a building by building

basis. For example, figure 4-4 shows Building 590's graph

of the number of breakdowns versus the building's age, with

the plot of the linear regression analysis relationship

included. The result shows the tendency of the equipment

failure rate to increase over the building's age span of

from four to ten years. Similar outcomes were produced by

most of the buildings when this relationship was studied.

The only exception was Building 46 which showed a slight

declining trend in breakdowns during its thirty-eight to

forty-four year old time3 span.

Because there was not enough data available on any one

building to study it over its entire life, data for all the

buildings' mechanical equipment breakdowns on a per piece

of equipment unit basis were plotted relative to the age of

the facility. This is shown in figure 4-'5 Virtually

without exception, the mechanical equipment in these

buildings is originally installed equipment. Consequently

the plot provides a good estimate of the failure rate of

mechanical eqlipment over time. Three distinct timreframes

04f builin;a ge are present and were individually analyzed.

'They are 1-I0.- yeacs o1, 12.i-19.25 years old, and

27-L4.2ý, years old. The res.ults of the linear regression

Sni'ysis are provided •-ud compare favorably to what was

S• 5•Ia• •NIU• 9IV rý3r,(OOidlhl



-0

000

Z <
o13 U

0 z C

oWIs

00

n 

0

020

00

4 42

3SN~dX.1 1.j3W'Nk,3AO1D IV (32J:flOO~d38i



+ V

+

0

+

00

4W3 0
X

V) z
> LO

.r'I.

+ +z~

00

* 43

~SN~dXJIN3INN~AOVIV OlaOd3+



expected given the Weibull distribution. Equipment early

in its life breaks down at a relatively faster rate until

the "bugs" are worked out. Then a period of a relatively

constant failure rate ensues until the equipment starts to

feel the effects of old age when the failure rate increases

again.

The next relationship studied was the number of PM

inspections per unit versus breakdowns per unit on an

annual basis. Figure 4-6 shows the plot of this

relationship for all mechanical equipment. The points are

*O identified by the building number and age. This summary

plot is consistent with the trends exhibited by the

individual buildings. It shows that inspecting the

equipment does have a positive effect on equipment

performance.

The last relationship subjected to analysis was the

number of PM actions per unit versus the number of

breakdowns per unit on an annual basis. Here again the

individual buildings tended to demonstrate that PM actions

had a positive effect on equipment performance, although

Buildings 46 and 58 experienced no PM actions over the six

year period. The plot of this relationship for all

mechanical equipment is provided in figure 4-7. The

results of the analysis for this regression are somewhat

surprising. One would expect the slope of this

relationship to be more pronounced than the slope

associated with the relationship between PM inspections and

N44
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breakdowns. The fact that it is not indicates that PM

actions are not quite as beneficial to the equipment as PM

inspections are.

In order to study the correlation of PM actions to PM

inspections further, the percentage of actions to

inspections performed was determined and plotted in figure

4-8. The jump in the final quarter of 1983 is the result

of an average number of actions performed, with relatively

few inspections completed. This is because the transition

to the new paper sheet system was just getting underway.

Not including the data for 1984-85 since the sheets did not

provide a space to indicate PM actions taken, the average

percentage of actions to inspections was 2.18%. Even in

the "peak" of PM action accomplishment in 1982-83, the

average was only around 3%. So for every one hundred

pieces of equipment being visited, only about three were

getting extra attention.

4.3 Cost Analysis

Overall the maintenance data indicates that the

Academy's PM program has been a success in positively

"affecting the mechanical systems' equipment for the better.

The next question that arises is, "But at what cost?"

Figure 4-9 portrays the trend of the direct costs

associated with a PM program. Maintenance costs are

incurred every time maintenance is performed. The

* replacement cost of a piece of equipment decreases over

time because of the time value of money (a dollar today is

"•7
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Figure 4-9. Direct Costs of a PM Program Over Time
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worth more than a dollar tomorrow). One objective of a PM

program is to minimize the total life cycle cost.

Unfortunately obtaining accurate cost information on the

Academy's PM program in any of the recent PM systems is

difficult. The method of hat.rig job order3 cover a variety

of buildings and equipment does not allow for cost

segregation in a manner that is useful during a

comprehensive analysis.

Figure 4-10 shows the costs involved with a $200 piece

of equipment over time assuming a five percent annual

* discount or inflation rate, $15 per hour maintenance rate

(labor and minor repairs included), 0.5 manhours spent per

quarterly or semiannual inspection, and a forty year

equipment life span. The total costs for both inspection

frequencies are also plotted. The graph shows that the

semiannual inspeetion policy, as expected, costs muc?, less

than the quarterly inspection policy at any given time.

Maintenance becomes more expensive than the replacement

costs arouna year nineteen for the quarterly inspection

frequency, and year twenty-six for the semiannual

inspection policy. Building 590 alone hae appro.imateiy

forty small circulating and sump pu.ps which tost about

$200. It their PM frequency were changed from quarterly to

stemiannually, an annual .aving o"' $600 and, per-aps more

importantly for the Naval Academy, forty mannoura of iabor

would result F•... F-igue ii snoWat the direct maintenance

costs for equipment costing $200, $500, $1000 and $2000;

I• S?.ldJ .'3b1aN•J3AO9 LVt)3]flCO&5d3&



AM

0m

*16

03

*QMP4lrPCi AL

I D*c hitnr0 wm 1 2

IV ~ ~ : C13IU3



ta TO V@"a.£ffMTOAWV0 A Glav WAR 0 40
Uufalsagofo ReUAACmf Cav (las&. 4WDA
M If M.a0 4 AM (VrAlt 0)) ^so M oot,

CeT(WggK&e 04 eU.,IOLy 04 6' WA&7 -
CqNMeAM~, 6464s) 1D.41Wg FA row

IN,

'4

10 (w60)

Fl ~ st7~

(hZ; 2



and experiencing weekly, monthly, quarterly and semianaiual

F-M inspections assuming the same conditions as before. It

is provided so that other combinations of equipment and PM

costs may be investigated by the reader.

As mentioned previously, more than the direct cost-

must be accounted for in a PM program analysis. There are

a'so indirect costs associated with equipment failure.

These may include manufacturing process cr office

productivity losses from those dependent upon a mechanical

system for support or comfort, and physical dam3ge to the

* failed equipment's surroundings. In Building 590, for

example, a failed $200 sump pump may result in millions of

dollars in damagc to sensitive academic laboratory

equipment. 'he risks involved with the breakdown of

equipment can be mitigated through an unoerstanding of the

probabilities of equipment failure. Practical applications

of the theoretical noncepts. presented earlier as well as an

analysis of the equipments' maintenance hisor,, can help

establish probabi)ity of failure limits. Indirect co3ts

associated with equipment breakdown can then be factored

into the total cost equation throughh tdJustmenýo of the

II indirect costz by the probaoility orf tailure. There are

* also important intangibles wtich must Ue considered. The

"Admiral's window air conditioner ber.te, wor;( ealh time he

turns tt on, or else!

- Other than air comp'eis,.ors whi q ,ulniriy experien-C,1-

failure, virtually no other iniividual piece or zecr.anici

- 53
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equipment. broke down in consecutive quarters, whether PM

was performed on a regular basis (pre-19311) or not. (since

January 19841). In terms of preventive maintenance, only

when new belts were installed on ventilation units were

adjustments required in consecutive quarters. One

parcicularly interesting piece of equipment studied was a

ventilation unit in Building 590. That unit never had

preventive maintenance performed on it because scaffolding

was required for access, but was never provided. It took

nine years- for that piece o f equipment to fail.

* Consequently it appears that s,ýome of the mechanical

equipment is being over-maintaine d, and precious manpower

and funding resources are not bein-g efficien~ty used.

4.*4 Management Analysis

All level-,- of mnaintenance pers-onnel at the Naval

Academy have been voluntarily and not so voluntarily

3ubjected to three different PM systems and two different

FM organizations in the last three years. The current

paper ý:,eet PM program. was.. noble effort at t~rfing to

streamidný! some of the admnini_ý.tratrive burdena of the rild

hard card zsy~tte. As noted the new burden has turned out

to be at leaz~t as tad -as the oarld system ,;as, and flow .s

3<equipmne"ithis-rorv ;4ý !Tna~tifiecL The Nlavy i'm2ý-nea 63ST

mini cýompute- system, cre~at~ed and installec irn a

bi %e -7r u talIy st wI t .!v' Iey e ar z, 1a ce"_ so

* s~iic In ndz .ý,paoblity In thlt area of prevmentlvp
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technological potential. Except for the added features of

automated estimating, written out checkpoints for the

mechanic, and spaces for remarks by the PM administrator

and mechanic, BEST is very much like the paper sheet

system. The same magnitude of paper will be going back and

forth between the shops and Maintenance ConGrol, and in all

likelihood the completed BEST PM work orders will end up in

the PM orogram administrator's cubicle in a new box right

beside the old boxes filled with completed paper sheets.

He prooably will not have the time to read all of the

remarks coming back from the mechanics, much less will he

be able to enter all of them into the computer's database.

Understandably the PM mechanics will complain about another

change in the system and go through another learning cycle.

As has happened in the past, the PM mechanic will identify
IInecessary equipment repairs too big fix,

neesar euimet epir to igfor him to fiand

chances are the equipment will not be repaired before his

next inspection cycle. After a few instances like this,

the PM mechanic will, out of frustration, stop identifying

equipment deficiencies. Through it all, hopefully, the

equipment will keep on operating.

Any attempt to determine the effects of preventive

* maintenance will be assisted by BEST only in retrieving

breakdown information from the emergency/service module.

PM records will have to be manually perused much as they

were for this study. At most, if not at all Navy

activities, there just are not the resources available to
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* do the lengthy analysis this sort of investigation

requires.

The Academy's PM program and the PM software module in

BEST both suffer from a lack of commitment to equipment

preventive maintenance. Public Works maintenance resources

are understandably reacting to the intense pressure to make

things "look better." The more glamorous construction and

facility maintenance jobs of larger scope receive the bulk

of the maintenance manager's attention, and his management

tools reflect this. As with many maintenance organizations

in and out of government, the Academy's PM program is an

easy area to neglect when faced with competing demands

because its effects, both good and bad, are not immediately

apparent.

The Naval Academy's maintenance managers have

recently, much to their credit, begun aggressively

attacking the problems in the preventive maintenance

program. One immediately pressing need is to make the

issue itself more manageable. There are simply so many PM

checks being scheduled each month that they overwhelm those

involved with the program. One of the first steps should

be to drastically cut back in the inspection frequency

requirements. Based on the results of the data analyses,

most mechanical PM check frequencies could probably be

decreased one level, especially from monthly to quarterly

and quarterly to semiannually, without a noticeable loss in

equipment reliability. Extremely critical pieces of
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equipment, of which there are few, could be left on their

current PM schedule. Fewer PM checks, if carried out

diligently, would probably result in better equipment

performance at a lower cost than the present system

provides. One could argue that the current system's

frequent maintenance scheduling is the reason for the good

equipment performance record. But only about half of the

schedule has been completed in the past seven quarters with

little, if any, equipment failure increase as a result.

Once manageable, refinements of the schedule could be made

to determine those pieces of equipment requiring extra

attention. Scheduling should also be arranged, as much as

possible, so that heating, ventilating and air conditioning

systems are checked prior to their period of heaviest use,

e.g., unit heaters in early fall and air conditioners in

early spring.

One of the problems with the PM program in its present

condition is that the PM mechanic who finds a discrepancy

in a piece of equipment during an inspection probably is

not the person who fixes it. More time, somewhere in the

neighborhood of a couple of hours, should be given to the

PM mechanic to fix the equipment on the spot when

necessary. Inefficiencies arise when planners and

estimators are involved simply because another mechanic has

to relearn the problem, more forms are required and more

trips are taken to the site.

The Academy is essentially required to use the BEST PM
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system and should try to use it to its full potential.

This will mean the continuation of loading the equipment

information into the system's database. Some provision

should be made to provide some clerical help to the program

administrator so that the remarks off of the completed PM

workorders can be both loaded into the database and acted

upon by the administrator. In this way some type of

equipment maintenance history will be stored and the

equipment itself will be better maintained. Training of

the PM foremen and mechanics on the BEST system work orders

should also be done.

Since the complete implementation of the BEST PM

3ystem is still some time away, the Academy should revert

back to the old hard card system in the interim. The cards

* are still available and reasonably up to date and accurate.

This will cut down somewhat on the administrative burden of

those involved with the program, and restart the equipment

maintenance bistory files. Breakdown history should be

looked at quarterly using the DEST emergency/service module

to see if there are any pieces of equipment which require

extra investigation or attention.

Organizationally the assignment of PM to the trade

specific shops seemn to have worked reasonably well,

although lately the machine shop ha.; had other priorities

placed on it causing some of their burden to be shifted to

the electric shop. Continuing with this basic

organization, the Academy might want to experiment by
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considering the permanent assignment of one or two skilled

mechanics full-time to a building or set of buildings.

These mechanics would be responsible for both the PM

program and routine emergency/service repairs in the

building. In this way they could become intimately

familiar with the equipment, its users and benefactors, and

hopefully develop some "pride in ownership" with their sole

responsibility. The mechanics would also begin carrying

the equipment history database in their heads, rather than

having it only on the cards or in the computer. This

*" concept was successfully tested at the Navy Public Works

Center in San Diego, California, among other Navy

activities, and has become an accepted way of doing

business there. Not only has the equipment performance

improved at those activities, but so have relations with

serviced customers.
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CHAPTER 5 A PROPOSAL FOR AN IDEAL PM PROGRAM

As indicated previously, the goals of a preventive

maintenance program should be maintenance efficiency,

operations efficiency and fiscal efficiency. One of the

problems for Navy maintenance managers in achieving these

goals is that they are operating under a standardized and

accepted preventive maintenance system which is perceived

to work, relies almost exclusively on a routinely scheduled

PM inspection program, is nearly impossible to analyze and

difficult to change. There is relatively new and growing

interest, however, in making the Navy's facility

maintenance operations more efficient. Part of this is the

result of the threatening "A-76" or Commercial Activities

program, wherein Navy maintenance activities bid to keep

their jobs from private contractors, and part is due to the

tone set by the Reagan administration. For example Robert

A. Stone, Deputy Assistant Secretary of Defense

(Installations), emphasizes "managing for excellence" and

has implemented the Model Installations Program whereby

certain volunteer Department of Defense activities are able

to forego some of the more stifling bureaucratic procedures

with the goal of improving overall base efficiency and

morale (U.S. Department of Defense, 1985). Building on

this spirit, this chapter presents a proposal for an ideal

Naval Academy preventive maintenance program and

acknowledges some of the barriers standing in the way of
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its implementation.

The basic elements of a preventive maintenance program

are planning, scheduling, work performance, data

collection, equipment history, cost accounting and

management information (Newbrough, 1982). Recommendations

for the design of a preventive maintenance system will be

provided for each of these elements. While it is important

to know what makes up a good system, it is also important

to realize what adversely affects a PM program. Some of

the major causes of ineffective maintenance programs are

1)lack of cost control, 2)lack of good historical equipment

records, 3)little or no analysis of equipment failure,

4)poor operator training, 5)supplies mismanagement,

6)inefficient planning, 7)ineffective scheduling, 8)iittle

and/or improper use of non destructive test and diagnostic

equipment, and 9)lack of incentive to get and keep good

people (U.S. National Bureau of Standards, 1982). These

will be considered in the sections that follow.

5.1 Planning

Preventive maintenance planning begins with the design

and construction of a building. The types of equipment

provided, redundancy characteristics of systems, condition

monitoring devices installed, and equipment accessibility

are important PM factors which should be taken into

4• account. Studies nave shown that the operating and

maintenance (O&M) costs of a high rise structure are a

whopping forty percent of the total building cost which

•| 6 1
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includes design, construction, finance, operating and

maintenance costs (Ruhlin, 19 8 4 ). Often only the upfront

costs are considered in building design because future O&M

costs are discounted too much (Baglow, 1975).

An O&M manual should be part of the building's design

package requirements. This "owners manual" could go a long

way toward operating the building's systems effectively,

training maintenance personnel, establishing maintenance

procedures, and creating an accurate equipment inventory

(Ruhlin, 1984). The preventive maintenance scheduling

portion of the O&M manual should be based not on the

standard "cookbook" frequencies found in the literature,

but rather on the concepts of reliability centered

maintenance.

Most Navy activities currently have buildings which

range in age from new to about fifty years old. Some of

the items mentioned above obviously do not apply to

established buildings. What is required, however, is an

accurate inventory of equipment assets.

The next planning step would be to determine what

types of management systems and organizational arrangement

would best suit the requirements cf the PM system.

Computerized PM systems have been shown to cut costs almost

fifty percent when compared to manual PM systems (Smit,

1983). But that is not a guarantee and it i important to

remember that any system must not only work, it must work

well and appear to work well. In some inntances a
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partially manual system may be appropriate.

Organizationally each activity should be tailored to meet

its own needs. More discussion regarding systems and

administration will be forthcoming in following sections.

=5.2 Scheduling

The Naval Academy's PM program would greatly benefit

from a comprehensive review of its scheduling frequencies

if more of the concepts of reliability centered maintenance

(RCM) were applied. Although individual Navy activities

have some leeway in assigning their PM scheduling

-@ frequencies, most follow the tried and true method of

scneduling similar equipment on a similar basis, e.g,

virtually all pumps at the Naval Academy are inspected

quarterly. Little if any consideration is given to a piece

of equipment's role as part of a bigger system, the

environment in which it operates, its failure modes and

consequences in terms of the risks involved, and its

maintenance history. No amount of PM will prevent every

equipment casualty although the conservative frequency

levels recommended in the literature might lead one to

believe otherwise. Perhaps the inspection program could be

refined to include two different levels of inspection. One

level might include the PM inspection as it is now

performed, but on a less frequent basis. The other !evel

Smight,<, b i ten minute walk-through of a mech"4nini 3pa-ýce by

* a meu.ani. !ust -ur:.orily looking and listening for

ab)norfmalities d-iring a period when the vornprehen'sive ?i' ist
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noi; performed. In any case these proposal: could be fairly

easily implemented in six months to a year throughout the

Academy if a team of two or so mechanics, who were

receptive to and understanding of simple and basic RCM

concepts, were also give the time and responsibility for

making it happen. The PM program administrator would be

deeply involved and there would also have to be some

interface with Utilities Division personnel well versed in

the Academy's mechanical systems' configurations. This

allocation of resources would involve a tremendous initial

* investment in the amount of manhours spent, but it would

probably pay enormous dividends right from the start and

completely pay for itself within a few years. The PM

system itself could continue to look like it was based on a

periodic scheduling philosophy so that the basic

administrative structure of the system would not have to be

changed.

The RCM team created above would probably develop a

list of intuitive rules for e.etermining PM scheduling

*_ frequencies during the course of its investigation. These

rules could be captured and used in future instances if

they were incorporated into an expert 3ystem. An expert

*ystem is a computer program which is essentiall:; taught tO

"thnntif.1'e the expert. If a new piece of equipment were

added to tl•e inventory, the expert zy-te.i woluld t he

appropriate ,uestlonz in establiah'.n; a PM "!requen,:y just

a3 the expert meonanics did. Thi3 iS probably too
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sophisticated a step for onc Navy activity to attempt, but

it might be something that could be economically and

effectively done on a Navy wide basis by a headquarters

activity.

5.3 Work Performance

Performing the work in a PM program involves the

inspection, maintenance and repair actions necessary to

keep the equipment running. Although the mechanic is the

most important element in the program, some of the

inspection workload could be done by condition monitoring

*• devices placed on the equipment and connected to a st-tus

indicating device in a manned space. Satisfactory upper

and lower operating limits could be established, and

discrepancies could be investigated by a mechanic. Some

pieces of the Academy's equipment might be candidates for

this feature and they could be monitored in the Michel3on

mail energy monitoring control system (EMCS) computer room,

or possibly made parrt of the EXCS itself. Mechanic site

i°nspection: of :he equipment could te ncheduled

aNcord ingly. Anoner a.pe-t of the inspection portion of

PM' iP 3 the meithoA of inapec-ion. Revent strides have bener

Smade in diagnosP-ic equipment., particularly in non

_*• deatructive teaz-ni ( ;U.) uipmnt, and they should be

Uzed where Ilowever, care Should be teen In

* resud wherenot .* " •

to benefi:. aspet,.t- of~ any Ineto e-ed 'ie~c e

i~? 1J 1?IJVOMNuAOO LV 11 1Mr13O~d3#i

(~~~J ~ N __, WI - 4 "'eZ .'*...



seriously considered at all times.

Within maintenance programs, muiti-skilled maintenance

workers have been shown to have higher morale and greater

job 3atist'action than trade specific mechanics (Husband anl

Basker, Dec 1962). Maintenance workers should be uzed at

the Naval Academy wherever possible. Regrettably the

concept of a maintenance worker is not openly welcomed at

the Academy because it represents a philosopnical shift in

the way business is done. There is also the ominous

obstacle of getting tn.? personnel recruitment through the

civilian personnel oft'ice at a high enough pay level to

attratt quality people. lIevertheless, after considering

and planing for training requi,-ents, organizational

zhange3 and union probiems, the Academy should attempt

hiring 5ome maintenance "orkera. They could be effectively

uzed in those location.s whure asSigning one or two

full-time maintenance employees responsible for all routine

?X and emer Iservice worx makes senze.

I.4a 1- ten anýýe v')a 0U o. ~Ov dt t n 0ch aniia ~n 4

mna~eent With the Infraion nOC2sary to0 reaýh
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aggregation. The most important input comes from the

mechanic whether he is inspecting or repairing a piece of

equipment. But he cannot be expected to write a

dissertation on each and every piece of equipment he

services, nor would management be likely to absorb such

information on many pieces of equipment. The hard card

provided a convenient way for the mechanic to indicate,

using simple checkmarks, what actions he performed during

PM. The cara then provided a snapshot of the equipment's

"PM history for management. There was not, however, an easy

or quick way of correlating, or in some cases even finding,

relevant records of equipment failure. The paper sheet

system exacerbated the problem of recording and analyzing

equip.ent performance by not providing room for remarks,

and by not carrying over information from previous

inspections. The BEST system Joes not much improve PM in

these areas.

What is needed is a system which uniquely identifies

each piece of equipment, automatically eorrelareF PM and

breakdown information, is easy to use for the me:ýhanic, and

is helpful to management. An example of one part ofuc a

system is the work order provided in exhibit 5-1. Thiz

form, which is partially filled in by the comptuter and

partially by the mectianic, in eazy to use and alv•o ::pnble

of being read by a 2ompute:! card scanner which i- tied into

the matiagetent system. Thi.3 hast the tremen'Ilou:s advsintýage

of eliminating !-he need to manually trini3fer •.t
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Equipment PM history, time card information for employee

pay purposes, and employee productivity results are

displayed for the mechanic or captured for management.

Although this would represent a significant change in the

way PM is done, it is technologically feasible (as attested

to by numerous state lottery systems, among other

applications) and perhaps necessary as the number of

civilian workforce positions decline over time while the

workload grows due to the increasing complexity of building

mechanical systems. A similar type of card could be used

for emergency/service work orders which would also feed

into the computer management system. The size and cost

associated with such a computer system would be dependent

upon the size of the individual Navy activity which uses

the system. Similar to the BEST arrangement, control over

the system should remain with the Public Works Departments.

This would help to ensure that real time information and

easy access to that information is provided to those

personnel needing it most.

5.5 Equipment History

The generation and use of equipment history records

permeates the other elements of a preventive maintenance

* system. It is universally recognized as a vital component

in the overall scheme of equipment maintenance, but is

rarely adequate, up to date or effectively analyzed (de

* Matteis, 1982). As the issue is addressed in the other

sections of this chapter, it is highlighted here only to
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stress further its impo!,tarice.

5.6 Cost Accounting

Financial terms are often the only common language

among managers responsibLe for different functions within

an organization. The advantages of improved reliability

and productivity resulting from a PM program must be stated

in cost to benefit relationships, payback ratios and

present value analyses in order to win the full respect and

*• support of top management. The Naval Academy, like most

small Navy activities, has che costs associated with the PM

program spread out over many areas, making such analyses

almost impossible. PM and emergency/service job orders,

the current bases for cost accounting purposes, often cover

entire buildings or systems, and contain information in too

aggregate a form to be of much use in any cost analysis.

The most serious flaw in the BEST system is that it

contains no cost expenditure information anywhere in the

program! One or more forms of the scanner read card

proposed in a previous section would directly tie equipment

costs to timecards and eliminate much of the administrative

duplication that is required today for job order and time

card reporting purposes.

5.7 Management Information

Although the capability exists to overwhelm management

with facts and figures using a computer based maintenance

management system, a few simple and concise reports with

some information in graphic form would probably be more
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useful. Allowing the system's users to easily query the

database and extract their own information in suitable

formats would be an invaluable management tool,

particularly if the selection routines could be stored in

memory for repeated use. The database structure

incorporated into the system should allow quick and easy

access to the important criteria mentioned in this study.

One of the big problems noted with the BEST PM system

is its inability to easily combine breakdown and PM

equipment histories into a functional form. Ideally the PM

user should be able to identify a piece or category of

equipment and have the computer system print out a complete

maintenance history using charts, tables and other forms of

information as appropriate. Since there is not enough time

to inquire about every piece of equipment in a PM program,

however, some form of exception reporting should be butilt

into the system. For example, a monthly printout of

equipment experiencing failure in each of the last two

months or quarters might indicate problems which ihould be

further investigated. Numerous algorithms could be

programmed into the system to provide valuable exception

reports. General equipment summary reports in some areas

could also be provided.

Another important management funqt-:a i3 to monitor

the performance of its employee-. A3 ;',e neessry Laor

* time information was 1,ol...cte.. in ai orevi, .- i"n. tt;iu

now becomesz 7,n ea';y reportiflg p:-o'edre :or -hs ;th -?
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The level of aggregation would be dependent upon the

organization and philosophy of the activity. Exception

reporting could be used in this area as well.

33.d
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS

The Naval Academy has achieved the efficient operation

of its installed building mechanical equipment somewhat at

the expense of maintenance and fiscal efficiency. By

relying on conservative estimates for the scheduling

frequencies of PM inspections, the Academy has unwittingly

attempted to over maintain much of its equipment based on

the equipment history records for the period January 1979

through March 1985 in selected buildings. The PM program

at the Academy is not unique in that it suffers from some

of the same problems affecting other maintenance

3I organizations the world over, i.e., maintenance managers

are overworked, PM does not receive a high priority,

scheduling frequencies are inefficient, costs are not fully

accounted for and the motivation for PM personnel to adhere

to the program is sometimes lacking. The shift to a new PM

organizational arrangement and two new administrative

systems in the past three years has further complicated the

PM program's problems.

The Academy has recently begun critically reviewing

its preventive maintenance program. The five most

important recommendations for PM program improvement,

described in derail in previous chapters, are provided for

the Academy's consideration.

1. PM inspection frequencies should be drastically

reduced in light of -he mechanical equipment histories
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studied. With the exception of air compressors, virtually

no other single piece of equipment failed in consecutive

N quarters regardless of whether PM was routinely performed

or not. Most monthly checks could be done quarterly and

most quarterly checks could be done semiannually with

little or no effect on equipment performance. The very few

pieces of extremely critical equipment should remain on

their present inspection schedule. After this drastic cut

is made, the program will be more manageable and it will be

easier to make further analyses and system improvements.

2. Two or three mechanics should be permanently

assigned on a trial basis to a building or group of

buildings, e.g., Michelson-Chauvenet Halls, and given full

responsibility for all routine PM and emergency/service

work requirements. It is envisioned that the results of

the experiment and the input of the assigned mechanics

would prove invaluable toward further system improvement.

These same mechanics might also be able to apply the

principles of reliability centered maintenance to their

area, and the Academy could then expand their findings to

the entire PM program.

3. A major concern is of the usefulness of the new

BEST computer system as it applies to the PM program.

Major improvements need to be made to the Fystem before it

reaches its potential, but the Academy's mechanical

equipment still requires PM service in the interim. If

BEST cannot be used to maintain equipment historical

ie
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records immediately, then the Academy should revert back to

the old PM hard cards. Some of the improvements

recommended for BEST include increased PM scheduling

capability, better interface between the E/S and PMI

modules, graphics, cost accounting features, card scanners,

and quicker and easier database access.

4. Clerical support should be provided, at least on a

part-time basis, for the PM program administrator in the

Maintenance Control Division. This would help free up the

administrator from some of his menial tasks and allow him

* to concentrate on important PM equipment related issues.

5. The concept of multi-skilled main.enance workers

should be re-examined.

The Naval Academy's Public Works Department is staffed

by highly motivated and experienced professionals who have

identified and are correcting the problems in their PM

program. It is crucial that they co.ntinue to focus on the

solutions which will save money overall and iake things

simple for all of those involved in the program.
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APPENDIX A

ABBREVIATIONS USED

AC Air conditioning unit SUPAIR Supply air
AHU Air handling unit SUPLIN Supply line
AIRCOM Air compressor TUNL Tunnel
ATCCOM ATC compressor UNIHTR Unit heater
AUXCIR Auxiliary circulating pump UNK Unknown
BLRCIR Boiler circulating pump VENT Ventilation
BLR FD Boiler feed pump WALLU Wall unit
CABFAN Cabinet fan WTRCON Water conditioner
CABHTR Cabinet heater WTREXC Water exchanger
CHEMFD Chemical feed
CIRC Circulating pump
CL TWR Cooling tower FREQUENCIES
COND Condensate pump
CW Chill water W = Weekly
CWCIRC Chill water circ pump M = Monthly
CW RTN Chill water return pump Q = Quarterly
CW SUP Chill water supply pump SA Semiannually
DISITN Distilled water A = Annually
DISTRI Distribution pump
EJTR Ejector pump
EVAP Evaporator
EXHBLO Exhaust blower
EX!!FAN Exhaust fan
F DFT Forced draft fan
FD WMR Feed water
FO TRN Fuel oil transfer
FUFLOI Fuel oil
FW Fresh water
HTR/AC Heater & AC wall unit
H•MID Humidifier
FVAC Heating, venntil & AC
MAVU Heatin; & ventilating unit

fs' Hot water O y3tem
HYDRAU Hydraulif7

"P4 FK.; UP mwe ip feed nte;-

@M r

MT4MV1,41w Drivenf~
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