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FOREWORD

We are witnessing a major change in maintenance. It is moving from an equipment repair
service to a business process for increasing equipment reliability and ensuring plant capac-
ity. Its practitioners are trading their reactive cost center mentality for a proactive equipment
asset management philosophy.

As editor of a technical business magazine covering the maintenance and reliability
field, ] have had an opportunity to track maintenance during its move from craft to profes-
sion, I have had the pleasure of writing about its leaders, the people and organizations who
are continually extending the benchmark for maintenance excellence. Many are well on
their way to establishing themselves ata Jeve] where maintenance performance is measured
not by simple efficiency, but by contributions to plant productivity and profitability.

One of my favorite jobs as an editor is the reporting of best practices to the maintenance
community. I first met Doc Palmer during such an assignment—a magazine cover story
on a plant maintenance improvement program. Since then, 1 have published some of his
articles and heard his conference presentations, and found that he has a superb understand-
ing of the practices leading to maintenance excellence.

One belief that the leading organizations hold in common is that maintenance is a busi-
ness process and that formal planning and scheduling is key to ils success. Yet, there isa
dearth of practical references on the subject. Most articles and confercnce papers on plan-
ning and scheduling stress its strategic importance, but they do not delve into the practi-
cal details because of limitations imposed by article length or conference programming.
Doc has leaped over this hurdle with his Maintenance Planning and Scheduling Hand-
book. There is now a ready reference 1o take the action oriented maintenance practitioner
1o the level of understanding needed to install a planning and scheduling function and
make it work.

The book positions planning in maintenance operations and then proceeds logically to
introduce the principles of planning and scheduling and explain how to make planning

work. Additional sections cover the nuances of planning preventive maintenance, predic-
tive maintenance, and project work. The book concludes with helpful information on how
to get started.
Maintenance Planning and Scheduling Handbook is a welcome addition to the body of
knowiedge of maintenance excellence and how to achieve it.

Robert C. Baldwin

Editor, Maintenance Technology Magazine
Barrington, IL
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PREFACE

The Maintenance Planning and Scheduling Handbook shows how to improve dramatically
the productivity of maintenance. For example, a group of 25 maintenance technicians should
be performing the work of 39 persons when aided by a single maintenance planner. This
book clearly and simply sets forth the vision, principles, and techniques of maintenance
planning to allow achievement of this type of improvement in any maintenance program.

When | began writing articles and publishing papers describing the success we had
achieved in maintenance through maintenance planning, I was not surprised by the requests
for help I received. We had revamped our existing planning organization and the result was
| a total clearance of a large backlog of work that had some work orders in it as old as 2 years.
The clearing took less than 3 months thus freeing up in-house labor and allowing a sched-
uled major overhaul to commence without costly contractor assistance. We had been
through a learning journey in the course of our success. Before we got planning “working”
we had to unlearn about as many false notions about planning as we had to learn principies
to support what it reafly was. Most of the requests for help I received primarily centered on
aneed just to get a handle on exactly what maintenance planning was. Eventually McGraw-
Hill asked that 1 write this book.

1 believe that maintenance planning has remained an undeveloped area of tremendous
jeverage for maintenance productivity for several reasons. The planning function is posi-
. \ioned down in the maintenance group and does fot command the plant manager’s atten-
tion, 50 it is “beneath the plant manager.” The techniques require an increased degree of
organization, coordination, and accountability as well as a loss of some control (which
some maintenance supervisors might not find appealing), so it is “unnecessary o the main-
| tenance manager.” Finally, the principles of planning are not technical in nature, so it is

“uninteresting to the plant engineer.” Nevertheless, a company seeking to be more com-
petitive would do well to exploit such an area of leverage. A common saying states that for
any endeavor, 1 hour of planning will save 3 hours of work. Maintenance planning saves
| more. After a work order system, planning is the biggest improvement one can make to a
| mainienance program.

This book considers “planning” as the preparatory work given to individual mainte-
nance work orders before assigning them to specific craft persons for work execution. This
preparatory work, when properly done, greatly increases maintenance productivity. There
exist few actual books in print for maintenance planning and most do not actually address
| planning the way the Maintenance Planning and Scheduling Handbook does. Each of these
I other books is excellent, but they portray maintenance planning as overall maintenance
| strategy or preventive maintenance instead of as preparatory work before work order exe-

cution. For example, one book focuses on planning maintenance management rather than
planning work orders. That book emphasizes having detailed work plans for routine pre-
ventive maintenance, but the actual planning described in detail primarily shows how (o
schedule outage time for working on the equipment. Another book defines and presents
planning as preventive maintenance or other work decided upon well in advance of execu-
tion, In other words, there exist two types of maintenance, planned versus reactive, s0
by definition there is no planning ofireactive work. In contrast, my book presents planned
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xviii PREFACE

versus unplanned and reactive versus proactive as 1wo separate considerations. Planning of
reactive work is essential. A third book also addresses averall maintenance management with
little distinction on what type of work is being planned. It compares the accuracy of different
types of planner job time estimates, but without much comment on how using them affects
crew productivity. So the few books available define “planning” in varying manners. Overall
maintenance management and preventive maintenance are not the maintenance planning to
which the Maintenance Planning and Scheduling Handbook speaks. Even though these areas
are important and my book touches on them in several ways, they are not *work order plan-
ning." Maintenance management is using the right tools and using them correctly. Preventive
maintenance is a tool involving some of the right jobs to do. Work order planning is a tool to
get the right jobs “ready to go.” The Maintenance Planning and Scheduling Handbook,
authored by an actual practitioner, fills the gap in the literature for work order planning.

This book is also important because even when considering work order planning, indus-
try has a significant problem with the concept. Most maintenance organizations do not have
a planning function and many that do are frustrated and not getting anywhere near the
improvement they should. Just like leamning the computer, planning has been made need-
lessly over-complicated. Thomas Sowell (1993) said, “If driving an automobile were taught
the way using a computer is taught, driving lessons would begin with an elaborate study
of the internal combustion engine, then move on to the physics of the transmission system
and the chemistry of rubber tires before finally getting around to explaining how to put the
key in the ignition and start the car.” People have not seen a clear vision of the work order
planning function. Until now, most of the literature that targets the work order planning con-
cept has presented merely the responsibilities of planning without actually defining planning
in a practical, bottom-line manner. Because that literature does not know the vision, it fails
10 translate the responsibilities into exactly whata planner does. The few previous attempls
illustrate this lack of clear vision: their ideas about everything a planner should doleadtoa
job description impossibly full, even for Superman. The great truth is that the Pareto
Principle is alive and well. 20% of what planners should be doing contributes to 80% of the
impact of planning. In actual practice, organizations have crowded this most important 20%

out altogether with another group of activities imposed upon the planners. Some companied®

even mistakenly think of planning as simply a software project. Imagine the computer indus-
try reinforcing this problem where there is an explosion of software to manage maintenance
without a clear understanding of what maintenance planning is. As a result, the many com-
panies who have not implemented a planning function miss a great opportunity and the
companies frustrated with planning need to back up and relearn what planning should be.
Because of insufficient understanding, maintenance planning remains an undeveloped area
of intense leverage for maintenance productivity in industry.

The Maintenance Planning and Scheduling Handbook clearly sets forth both the vision
and the how-to specifics of maintenance planning. The handbook carefully explains what
maintenance planning is all about and then nails down what is expected from a planner
and why. It also shows how to measure the success. The handbook includes specific direc-
tions for planners. Readers can grasp the fundamentals of planning and make an impact in
their organizations.

Typically, maintenance managers and plant engineers have called me with questions
after I tnake a presentation or write an article. One maintenance manager called me saying
he had 38 craft persons and was going to hire 13 more for a major mill expansion. My opin-
ion was that he should hire no one new (savings of over $500,000 per year) and transform
two of his existing craft persons into planners. His resuiting productivity would be as ifhe
had hired 20 more persons. I have also received a significant number of queries from com-
puter system personnel and planners themselves. My favorite was from the planner who
called from across the nation just to say 1 was “right on target and to keep up the good
work.” The book is primarily intended for maintenance managers (including plant engi-

PREFACE xix

neers responsible for maintenance) and for plant managers. It is equally valuable for
maintenance planners themselves, as well as for management information personnel
working with a CMMS (Computerized Maintenance Management System). Contractors
and consultants helping others will benefit as well as risk management professionals
interested in the care of physical assets. Corporate executives, of course, would benefit in
learning what a difference planning can make as they play a role in getting the interest of
these other persons.

The maintenance manager really determines whether planning will be successful,
although 1o support planning, the plant manager must know what improvement can be
expected, what impact will be made on production personnel, and what the maintenance man-
ager must do. The maintenance manager will use this book to understand and believe the
vision and to apply the principles to obtain the dramatic improvement. This maintenance
manager is usually one of two persons: one is the degreed person, typically with an engi-
neering background, who has been placed in charge. The other is the craft person who worked
up into this Jatest promotion. This latter manager is many times the only nondegreed manager
on site. (A third possibility, especially internationaily where the distinction between engi-
neering and maintenance is blurred, is the craft person who eams a technical degree while
working. The resulting maintenance manager or plant engineer has much hands-on experi-
ence.) All of these persons need the concepts of maintenance planning very clearly expressed
so that they can easily grasp them, apply them, and communicate them to others.

Maintenance managers and plant managers are not the only ones who will appreciate
this book. The actual planners themselves will benefit from better understanding their mis-
sion and duties. Planners are typically maintenance personnel directly from the crafs or
-:_raﬂ supervision, but sometimes they are engineers or construction technologists. In addi-
tion, computer system administrators and management information persons will better
understand pianning and be more able to help maintenance with a computerized mainte-
nance management system. Companies that do maintenance for others and consulitants that
help improve programs will also use this book to establish superior maintenance perfor-
mance. Finally, there is the risk management professional. Those persons in industrial
insurance companies are taking a more active role spreading good ideas and asking perti-
nent questions. They have a vested interest in clients adequately protecting their assets; that
is what maintenance is all about.

The Maintenance Planning and Scheduling Handbook is valuable to any person who
wants to pick up a few good maintenance ideas. Nevertheless, the book is a handbook in its
completeness of coverage and all readers will be able to use it to make their maintenance
program dramatically more effective and productive. The readers will finally understand
the sn_nple truths about maintenance planning. Managers will be able o implement a new
planning group or decisively redirect an existing one. Planners and supervisors will use this
book as a training and reference tool. Because formalized planning can help any organiza-
tion with more than ten maintenance persons, the resulting maintenance program can be a
competitive edge for the company for utilization of labor and equipment assels.

Just after this Preface, and the Acknowledgments, the Prologue narrates several typical
scenarios of maintenance, some with and some without planning. These scenarios all have
SIgmﬁtEam problems which many readers will recognize in their own organizations. Seeif you
fecognize your own organization. After the book develops the planning function, the
E[:nlogue describes these accounis again, but as the events should have transpired, fiourishing
with a properly executed maintenance planning effort, a tool leading to superior mainlenance,

Doc Palmer

Neptune Beach, Florida

palmerfour@prodigy.ner

' January 1999
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1.40 CHAPTER ONE

When writing the work order he knew he had taken more than the estimated 1 hour, but

was reluctant to claim it took 5 hours so he wrote down two on the work order. The

timesheet was more problematic for the technician because it had to total to 8 hours for

the entire day and he only had one job. The technician therefore used the only work
order assigned to allocate time on the required daily timesheet. Payroll required &
timesheet from each technician every day. Did the job cost the company 1,5, 2,0r8
hours? The company certainly paid the technician for 8 hours, but the experienced plan-
ner had determined that the job warranted only a single hour. Did the low productivity
cost any time? Did the supervisor's method of assigning only a single job at a time cost
any time? Would a methodology of scheduling enough work to fill up a technician's day
help reduce the cost of individual jobs? These are same of the considerations one must
make when dealing with actual work hours, The job actually cost the company an hour.
The maintenance process Cost the company 7 hours. The timesheet is the desirable
reporting device for hours because it accounts for al} paid hours. Maintenance planning
aims at remedying this problem. Management desires 1o have more hours on planned
and scheduled jobs as a means t0 reduce this discrepancy.

Maintenance metrics are another tool of the maintenance manager. The use of the
maintenance metrics dictates their value. Is the quality of management decisions pro-
portionately increased? The maintenance managet should work with the person who
would be doing the compilation when deciding what to measure and how. This is
because there are so many judgments and interpretations involved with even some of the
most apparent straightforward measures. Maintenance planning makes use of several
metrics in particular dealing with work hours.

SUMMARY

ut planning is a key coordinating tool that assembles, inte-
grates, and helps manage many of the other tools of maintenance. These other tools
include a work order system; equipment data and history; leadership, management,
communication, and teamwork; qualified personnel; shops, tool rooms, and tools; store-
rooms; conlinual process improvements; and maintenance metrics. In addition, man-
agement considers essential reliability maintenance composed of preventive
maintenance, predictive maintenance, and project maintenance. On one hand, nexttoa
work order syslem, maintenance planning is one of the most valuable tools mainienance
management has. Yet on the other hand, maintenance planning is useless without the
other tools. Maintenance management seeking to maintain high plant reliability places
due emphasis on all the various aspects of maintenance. Nearly all of these areas pre-
sent opportunities for management to improve their contribution to maintenance suc-

CESsSs.

Planning is only 2 tool, b

CHAPTER 2
PLANNING PRINCIPLES

T?lsn?hapler recaps the vision and mission of planning and then presents the principles
?oail Se::;::vz (ﬂ:lannmgh. Each pr;cncnple identifies an important crossroads. At each cross
: pany has to make a decision regarding alternativ : -
: np . ¢ ways to conduct plan-
2;25é1h3 fd;rl:;llc:lr:l theEc;)r;":par_)y r'm;kes regarding each situation determines the ulti!:nate
. Each princi i
scess £ p ple presents the recommended solution to the cross-
Six prm.ctples greatly Fomribule to the overall success of planning. First, the com-
?any orga:l]:zes _planners into a separate department. Second, planners concentrate on
I;Iure work. T_hird,_planne_rs base their files on the component level of systems. Fourth
?\ 2311::; :’:}:;p:r‘:lie dlclalt_es J(t)_b e;umates. Fifth, planners recognize the skill of the crafts‘
, work sampling for direct work time provides the pri ,
: ; | _ primary measure 0 -
ning effectiveness. Figure 2.1 shows the entire text of these principllzs. folon

THE PLANNING VISION; THE MISSION

Qshprt_:sgnlsd in the lnlrgducl_ion. the mission of planning revolves around making the
Esn ; g:ssi rqm;l)ydtol go.” Maintenance management uses planning as a tool 1o reduce
Tl de?eigps a(: \:iiklgll'::i}h:f::m{e _preparaliﬁn. To prepare a job in advance, a
! receiving a work request. The work plan is nothi
more than the assembled information that the planner mak d g ician
who will later execute the work. Some organizations call th TEe Alvindgidvion
or & planned package. At a minimum, the work plan i nI d O Eeare \.mrk ,_Dackqge
of craft skill required, and schedule time estimates, The plant e dimie s pro
cedure for accomplishing the task and identify an parts and special o rosuired. The
scheduling information produces the most h)él %pali:S ﬂl‘ld_SpeClﬂl SR ey
facilitates allocation of the personnel resourcef it inicmation o ;
gectt _ _ ¢ each week. The parts information and
jobt :Efgg?rz::toge{ol:ﬁw in helpfulness. With the proper planning or preparation for each
pUcror s« sl e stage 1o increase the productivity of the maintenance force.

o (1’) anning is sm!ply to increase labor productivity. The mission of plan-
e s whe[:-l );n o prepare !he jobs to increase la‘lbor productivity. As simple as this
Syslem.abounds " _i:ﬁement 1mp1e|r}ems plapnlng.' it becomes apparent that the planning
e ith many subtleties. The inability of many companies to recognize or

ese subtleties prevents their planning organizations from yielding produc-

tivity improvements. Th ing princi i '
difficulties to be effectiv:rouowlng principles guide planning through these particular
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PLANNING PRINCIPLES 23

PRINCIPLE 1: SEPARATE DEPARTMENT

Planning Principle 1 (Fig. 2.2) states

The planners are organized inio a separate depariment from the craft maintenance
crews o facilitate specializing in planning technigues as well as focusing on future work.

The first principle dictates that planners are not members of the craft crew for which
they plan. Planners report to a different supervisor than that of the craft crew. The com-
_T pany places planners into a separate crew of their own. They have their own supervisor.
With a small number of planners, the planners might report to the same manager who
holds authority over the crew supervisors. There may be a lead planner with some
responsibility to provide direction and ensure consistency within the planning group.

The problem with giving the crew supervisors authority over their respective plan-
ners is that the crew focuses almost exclusively on executing assigned work. The crew
members execute work; the planners do not. The planners must be engaged in preparing
work that has not yet begun. In actual practice, the crew supervisor receives oo much
pressure for the supervisor not to use the planner to assist work that has already begun.
The crew supervisor must have repairs completed. 1t is tempting to reassign a planner to
a toolbox and say, “The planner is a qualified welder who can come help us.” Even in a
plant with few reactive jobs, the supervisor should still have significant motivation 10
keep actively completing an assigned backlog of work 1o keep the plant out of a reac-
tive maintenance mode. The supervisor has an obligation to complete the assigned work
! in an expeditious manner with a minimum of interruptions or delays. Once any job
encounters delays, the supervisor feels pressure to minimize them. With direct access to
the superior craft skills of a maintenance planner, the supervisor would always have sig-
nificant motivation to take a planner away from planning duties. To the crew supervi-
sor, the present is always more urgent than the future. The work in progress is always
more important than the job not yet begun.

Management may contribute to this problem when planners report to crew supervi-
sors. The pressure is especially intense if the maintenance manager has given a specific
direction to the crew supervisor, such as “Put that pump back on line today!” How does
the supervisor balance this instruction against the manager’s admonition last year, “Try
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2.4 CHAPTER TWO

not to use the planner on field work unless necessary™? There will always be important
work to complete today and the temptation to delay preparing for tomorrow’s work.

Not only does the crew supervisor favor assigning craft work to the planner, the rest
of the crew members as well place more relative importance on the work in progress
than the paperwork of the planner. Such peer pressure encourages the planner (o assist
on jobs already begun or 10 take assignments directly for craft work willingly.

The natural inclination of the crew supetvisor to place highest importance on
assigned work, the unconscious pressure from management to encourage supervisors to
give craft work to planners, and the peer pressure from fellow crew members all con-
wribute to taking planners away from planning duties. In actual practice, planners on
maintenance crews frequently work craft jobs and devote inadequate time to planning
activities. As a result, crews have insufficient work to execute on a planned basis merely
because planners do not have time to plan much work. This situation may also lead to
another problem that manifests itself in an insidious fashion. Because planning con-
tributes to scheduling, the lack of planning effort may decrease the number of work
assignments to Crews. The amount of work the company expects from each crew
decreases. The work assigned becomes more reactive in nature because the plant exe-

cutes less proactive work to head off problems. Gradually, the plant returns to a situa-
tion in which crews routinely repair equipment under urgent conditions and with little
time remaining for maintenance to prevent equipment problems.

A self-fulfilling prophecy occurs for the manager who assigns planners 1o field
crews. Supervisors frequently put planners on their tools to pull wrenches instead of
plan. Planners plan less work. Less work is assigned. Work that is assigned is more reac-
tive in nature, needing more on the job assistance. An apparent, but false, validation
results showing that planners need to be on crews to help.

The problem is not managers, Supervisots, or crew members with inadequate Orga-
nizational discipline or inadequate understanding of the nature of planning. The prob-
lem is poor alignment of the company otganization with the company vision. Simply
removing the planners out from under the crew supervisors allows the planners to per-
form planning duties. The problem is not having persons who can resist the temptation
to use a planner’s craft skills. The problem is creating a situation where the temptation
exists, The company avoids this situation by removing the planners from direct control
of the maintenance crews. Then when the supervisor presumes it necessary to use a
planner as a technician on an emergency job, the maintenance manager makes the call,
not the supervisor.

If problems do arise where extra craft help is necessary, the supervisor has several
options besides using a maintenance planner. The supervisor may assign more capable
technicians 10 difficult jobs. The supervisor may decide overtime work is appropriate.
The supervisor may decide to extend the job duration and not complete the job on sched-
ule. The supervisor may decide to 1ake advantage of an existing contract 10 provide con-
wract labor assistance. The supervisor may decide to contract the job altogether. Perhaps
the supervisor could increase productivity by personally supervising the work. The
supervisor might request help from another crew. The Jabor contract might allow the
supervisor 10 use another craft as a helper. For example, an electrician might be an ade-
quate helper fora machinist on a particular task. Supervisors might also contribute their
own hands to the execution of the work. Many options besides using the planner exist
to expedite pressing field assignments.

Only after considering other avenues of help might the supervisor request using 8
planner as a technician through the maintenance manager who applied the job pressure
in the first place. It is one thing for a manager to say “Fix that pump today!” and another
thing for the maintenance manager consciously to redirect other resources to the task.
Because a single planner helps leverage 30 technicians into 47, the planner in effect is
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worth 17 persons. The planner is the last person the manager would want to pull away
for a field assignment. Compare the cost of time and a half overtime paid to a mechanic
versus 17 times straight time opportunity lost to the company for using a planner on a
field assignment. Even triple overtime does not compare (o the economic waste of using
a planner for execution of work. Puiling a planner for a field assignment must be the
absolute last resort for the manager who understands and believes in the leverage of
planning. Making the manager involved in cach case for such a decision helps prevent
such reassignments.

The manager might expect the crew supervisor to complain that management took
some of the best technicians from the work force to create the planner positions. The
manager must understand that for each technician transformed into a planner, the work
force receives the equivalent of 17 technicians in return. It is in everyone's best interest
1o make planning work. Time spent in explaining the leverage and benefit of planning
to supervisors both at these times of questioning and at the outset of initiating planning
is time wetll spent.

Another reason the company organizes planners into a separate group is to facilitate
or help the planners become specialized in planning techniques. Planners need to work
closely together to ensure proper execution and consistency of planning work itself.
There are ample opportunities to conduct planning in different manners. Planners need
the reinforcement of each other’s help to plan jobs and follow the planning principles in
a common fashion. Consider a school musical band with a trumpet section. The first and
second trumpet parts follow the melody of the song exactly or very closely. However,
the third trumpet part if played alane might not even be recognizable as the song being
conducted. The third trumpet player greatly benefits when there are other third trumpet
part players. This is especiatly helpful if the third trumpet player occasionally loses the
place in the musical score. Listening to other third trumpets helps the player come back
into place. Maintenance planning provides a similar situation. Preparing work to be
accomplished in the future while the other technicians on crews scurry after jobs-in-
progress is a new experience and is difficult to master alone.

flilustrations

The following illustrations demonstrate this principle of planning. The first section
shows problems occurring as a resuli of not following the principle. The second section
shows success through application of the principle.

Not This Way. Maintenance Manager Scott Smith walked over to the office of the
lpcchamcnl crew supervisor, Each crew had its own planner who had a partitioned sec-
tion of the supervisor's office with a desk and computer. Smith did not expect to see the
planner necessarily because he knew that planners had to travel quite a bit to go to all
the jobs for scoping. S0 it was not unexpected that the planner was not at the desk. The
crew supervisor was not there either, which was appropriate, because Smith likewise
_cxpecu:d supervisors 1o spend time in the field with their crews. However, on the way
back 1o the front office, Smith happened to pass the fuel oil transfer pumps and saw the
":echanlcal crew planner on a scaffolding assisting another mechanic haist a valve into
Ilihzcei.ﬂAfn_:r questioning the planner, it appeared that the crew supervisor wanted to have
havi‘;-; \’le joll: completed today. He directed the planner to help the mechanic who was
ol g trouble managing the bulky valve: alone. Smith could understand that the plan-

was under the direction of the supervisor, but Smith had begun to notice an uncom-

| fortable trend. At least half of the time when he saw a planner, the planner would be

working on a crew. This probably cpniributed to the indicator Smith tracked showing
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26 CHAPTER TWO
that the crews spent most labor hours on unplanned work. Last week Smith had even
| room attendant. The supervisor of the tool

seen one of the planners working as a 10¢
room had borrowed the planner from one of the crews because the tool room was sud-

denly short-handed that day. Smith was somewhat reluctant to counsel his supervisor
because the supervisors took such great pride in managing their own work. However, in
order for planning to work, obviously there had to be some planners doing planning.

Smith decided to meel with his supervisors again regarding the matter.

This Way. Maintenance Manager Scott Smith walked over to the office area of the
maintenance planners. Each planner had a partitioned office cubicle with a desk and
computer. Smith did not expect 1o see all the planners necessarily because he knew
that planners had to travel quite a bit to go t0 all the jobs for scoping. So it was not
unexpected that only two of the four planners were al their desks. One of the planners
present appeared to be attaching plan information to a work order and the other plan-
ner was going through a file to find equipment clearance informatiof. On the way
back to the front office, Srith happened (o pass the fuel oil transfer pumps and saw
1wo mechanics hoisting a valve into place. After questioning the mechanics, it
appeared that the job plan was helping them expedite the job. The plan had given the
valve weight so that the right straps could be checked out of the tool room before the
job started. The plan had also advised the supervisor ahead of time that the jab
required two persons because of the valve's bulkiness. After talking to the mechan-
ics, Smith started again back 1o his office. As he was crossing the pump yard he
noticed one of the remaining planners carrying a clipboard witha stack of work order
forms. This planner claimed to be in route Trom the power house where three jobs had
been scoped and was heading toward the chemical waste treatment syslem 1o scope
four more work orders. Smith was comfortable that the planners were engaged in
planning activities as he wanted. Smith knew that the supervisors also knew the
importance of completing the planning. This morning he had wrned down a request
for a crew supervisor to porrow a planner for 2 field assignment. After discussing the
particular work order, Smith had advised that the crew supervisor would have 10
extend the schedule for its completion.

Managers need O place maintenance planners
supervisors to prevent the planners from being assigned field work as technicians. The

temptation to use planners as field technicians on current jabs is usually t00 strong to
allow the planners time Lo do helpful planning for future work. A separation arrange-
ment aliows the planners (0 concentrate on planning future work.

out from under the control of crew

PRINCIPLE 2: FOCUS ONFUTUREWORK

Planning Principle 2 slates (Fig. 2.3

The Planning Depurtment concentraies on Juture work—work that has not been
started—in order 1 provide the Muaintenance Departnent at deast one week of work back-
log that is planned, approved, amd ready 1o execute. This backlog allows crews 10 w ork pri-

marily on planned work.
Crew supervisers handlc the current

afier the commencement of any job are reso

day’s work and problems. Any problems that arise
Ived by the craft technicians or supervisers.

After every job completion, feedbuck is given by the lead rechnician or supervisor 1o the
Planning Depariment. The feedback consisis of any problems, plan changes, or other help-
ful information so that future work plans and sehedules might be improved. The planners

ensure that feedback information geis property filed 1o aid fututre work.
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4Principle 2

Focus on Future Work

50% ﬂ

Plan Learn

Do Job

80%
Feedback

FIGURE 2.3 The snowball of improvement,

Pla::: r;e::(:‘noti;’ec gcl':::ngrs need to be separate is they need to focus on future work
B et t e mlv‘olved in work that is already ongoing. A simple definitio :
L fuure work e kirew as ot yet been assigned to start on the work order. Once 5
do not come to the plal;%\;nf:);" ?125?;:;:: ybflllt‘iv?)u:c t!:cy nefld nsels informmi.on' lhe;
o o e e, tk it out themselves. Then after the
B oo 1 the gl lu“‘:‘pleles the current job, feedbuck to planning helps avoid similar
The i i
T ?;ﬁ:l,ﬁﬁ ::;thuﬂ:ic planner having the duty to help technicians find file informa
e o tn 1{.:1“ fer way is that the planner soon has no time left to plan or gath ‘
Shsfommat on 10 lp uture work. A vicious cycle is then in place. No jobs reccigve l;r
e dtionts rmlzl:nmnlgI becaus; there is no time to refer to past feedback or othere
i I?the : ms a .end of time. The question at the crossroad is whether lnn:
pacs are teally Jh e ulsmehs of planning or are they in place to help technicians u?ckl
g imormad knowl:dp resbcl)lve problems for work that has already started Tlﬂ: Inny-
B e help ff;awﬁcibg:lc:bt:n slzn_l tcr.;rlnical documents, and jOiDS lhal: are
L I1s€. i i i
alm%r;; 1?1: zl;c::-mghtcd_us t}sing planners as ﬁf:‘!:d tef:;‘:lliﬁ::less.s‘ R
ol cquip‘:n (;llll'rll'ivlll‘l‘Flg. 23asa rcpefued cycle of maintenance over the life of a
frecc of cuipmer ;i; f.allnc;ennnc? does a job to maintain the equipment. During th
e ﬂec ;;:l | technicians l_earn about the equipment or task, For exasl Iee
pRsmey, sam What & ce ain pump bearing can only be removed from the inboard sP;d :
Eioc of an wmos arldperce:l:mble taper in the design. The technicians learned this fact:
BT imicinns v £ dsl?cnt most of a morning doing it the wrong way. After the job
e Clane V| r:ii ]ack on the work order form about the design ill;d delay Tﬁgn
e erobions ang e u arlpu'mp needs maintenance, the planner can refer to tl;c re
e s Lnt resolution because the planner filed the previous feedback 'p}'h .
v sl ormation as part of lh_c job plan before the crew starts the ‘task:
e e 1 y t]t:ncnunu:rt:d delays might be avoided on the subsequent mai :
. In the example of the tapered bearing, the second lci!rnc thea::'rl;:
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2.8 CHAPTER TWO

g, they should not have o waste time trying to insert the bearing from
g of wasted time. Each time the crew

jearn something new that could

replaces the bearin
the wrong side. The crew avoids an entife mormin
works on a particular piece of equipment, they might

help future jobs.

This cycle of maintenance and planning concept carries some important implicit pre-
sumptions. The first and most important presumption is that a planner is available to
review feedback from previous jobs and otherwise plan for new work. Another pre-
sumption is that feedback is not only obtained, but kept after each job. The final pre-

sumption is that equipment is worked on repetitively. These presumptions are not taken

lightly.
The first presumption is that a planner is not only willing, but available to plan new
work. As planning recognizes the need not to be on the tools (Principle 1), they are still
frequently hindered from focusing on future work. As the planners leave their tools and
artive in the office to focus on future work, they meet a new challenge. The problem that
arises is that if a planner is planning for 20 10 30 technicians, how many of those tech-
nicians are going to want some additional information? Probably at lcast two or three
will do so. So these two or three technicians come to the planning office and ask the
planner for help; after all, the technician regards the planner as the information finding
expert. With this constant interruption, the planner does not have the time for the filing
or work necessary to focus on futurc work. The planner helps with work-in-progress, not
future work. Figure 2.4, Chasing Parts, illustrates what happens.

Figure 2.4 presents a variation of the common product life cycle that illustrates the
planning cffectiveness challenge. As management takes good technicians out of the
work force (Principle 1) to be planners, the work force's effectiveness initially suffers.
oficient at finding file information (albeit on work-in-

Then as the planners become pr
progress), there is overall improvement for the work force. However, the first curved
ce can deliver. The second curved

line shaws an upper limit to how much help this practi
line shows when planners turn away from constantly helping work-in-progress and
focus on future work that maintenance effectiveness can improve further. Opportunity

Effectiveness

Planning

. Future
Chasing Work
Parts

Time
FIGURE 2.4 Chasing parts for today’s jobs cannot help as much as focusing on future
work in the long run.
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for further improvement exists because when the planners only hel work-in-

they are not hplping the crews avoid previously enlt::'ountcred de);ays.pEvcry jglb%?c%)r;s:s.
a new job without any history advantage. No wonder so many techs need help with
work-in-progress; they have no opportunity to avoid what has happened in the past. It is
no wonder the planner cannot focus on future work. Every job in progress runs'into
problems creating another vicious cycle. The planners become known as “parts chasers”
Fxmledly helping technicians find parts information or solve other problems on most
]ob%hlj:v?ry job is urgent once it starts.

is is a very sensitive area for existing planning departments. Mana
havq s!nne:d the plgnning department with the publishgd inrt’cnt of helping cvg:rr;;:; :r‘::ﬁ
?btammg information at any time. A planner soon learns the impracticality of planning
g\ nld\ﬁmce ti:ch 2(l) u;pc.:rsor}s while at the same time helping with work-in-progress. The
est alternative ot this point is to try to designate one of i j

in-progress to shield the other plgr)lrners. - e pimers forhepiag e

It is best to start out with the understanding that “planners will not replace the need
fora tef:h {or su_pervisor) to find techniczl information.” However, once a technician has
foupd information the planner will save and reissue all job feedback on future work
:I‘lus arrangement is also necessary for the crew supervisors to maintain their familiar:
ity with the files and also encournges feedback from the technicians. Once technicians
!mfve to lt"ind tec.hni:al inil'ormnlion for a job, knowing that they will have to find the
information again themselves the next time u
e e anes foodbark. nless the planner can extract the data from

The future work concept is important. If a crew has already started worki -
thing and they find out they need some more parts, they do )l,lot come to ttllzgp(l):ns;:::Tfn
help find those parts. One would think the planner is the one most familiar with the files
parts, and lhe‘compulcr system. One would think the planner is the person to whom tc;
turn. But that is counterproductive overall. Think back to before the company had plan-
ning; then the crew supervisors knew how to obtain parts. The crew supervisors knew
how to find file information. That previous familiarity should be maintained
Management wants the “added value™ of looking at future work. Therefore, after the jol;
starts, the techs or crew supervisors must find any additional i, *rmation just as they did
before planning existed. That lets the planner focus on gettirg zli the jobs planned.
Principle 3 does not accept planning being a highly efficient department of persons (o
help crews look for parts once jobs start. The craftperson who changes the plan or has
problems should write that information down after she finishes the job and give it back
to pianning for filing. The next time that piece of equipment needs work the planner will
take the filed information and insert it for an improved job plan.

N_langgemgnt needs to monitor the time planners spend planning future work versus
helpmgr jobs-in-progress. If using a timesheel system, management may consider plan-
ners using a one time accounting number when planning and another number when pro-
viding technical assistance. A balance shouold be siruck between the use of separate
numbers legltu:mzing “chasing parts” and showing that “chasing parts” is not planning

The second implicit presumption is that feedback will be received and used. Many com:
panies almost hope:less:,ly damage their planning effort with misconceptions regarding this
ﬁ::t!lt. These organizations start their planning groups with the expectations that field tech-
= nins would never have to look for information and that planners would always plan jobs
e Sr::lrla;‘tc:] In othervwords‘, their concept is that each planner would pick through the tech-
e h: s every time a job came up to support the planner’s 20 to 30 technicians. The
e Thi:cums lhereb}!' never have to find information because the planner always has it
53 30* ls aélproach fz_nls for two reasons. The first is that a planner cannot keep up with
E ittt oa n?searc_hmg each job from scratch. This is why planning organizations have

cult time in their first 6 months of existence. In effect, every job is being built from
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210 CHAPTER TWO

square one before the files slowly become builtup and useful. The second reason is that the
most valuable information needed on plans is not available from equipment manuals.
Information such as potential work permitting problems, the probability that certain parts
will be needed, and corrected local inventory stocking numbers are learned from past jobs.
A planner must be able to find the helpful feedback on those last three work orders from
the Jast three years to help the crew avoid previous problems. For example, if the planner
finds that the last time the crew worked on this job they did nothave a certain part, the plan-
ner makes sure they have that part this time. Each and every job is on a learning curve.
Looking to the files helps achieve that improvement opportunity. The correct concept is
that the planner to a large degree is essentially a file clerk for their technician. The planner
promises that if the technician reporis any information, the planner will have that informa-
tion available for next time. The field rechnicians must be willing to research and resolve
problems as they come up on jobs in progress and report feedback to their file clerk. The
technicians must not have the false impression that because certain information was
unknown that the planner failed to adequately plan the job. On the other hand, the planner
must understand the importance of saving and referring to this important feedback. The
planner does not plan each job from scratch. By using feedback in the plant files, the plan-
ner not only has the opportunity of continuously improving job plans, but has time to plan
all the work orders.
The last presumption concerns doing work repetitively. Working on equipment
repetitively is a reality. One typically thinks of preventive maintenance as the only
repetitive work in the plant. Yet the 50% rule says that if a piece of equipment requires
work, there is a 50% chance it will require similar, if not the same, work on it again
within a year's time. Moreover, the 80% rule says that there is an 80% chance the equip-
ment will be worked on again within a 5-year period. These percentages arc not for pre-
ventive maintenance. Why are these percentages SO high? One reason is “infant
mortality.” After any work on any equipment, there exists an increased chance of addi-
tional maintenance soon being required. Problems from the initial job might include
faulty materials or maintenance practices, The feedback from these jobs is especially
important for the planner to scrutinize for opportunities to avoid repeated problems.
Another reason is that some equipment simply requires moxre attention than others. Out
of 10,000 different pieces of equipment, 300 might continuously need attention while
the other 9000 or so never seem to need work. On the other hand, there is a common per-
ception that “Nothing is ever the same” or “It is always something different.” These
statements reflect a perception that none of the equipment receives repetitive mainte-
nance attention. This perception is false, but understandable. For one thing, the exact
same technician might not be involved each time, For another thing, working on a picce
of equipment only once or twice a year just does not seem 10 be very repetitive, espe-
cially if the cxact same task is not involved. Nonetheless, one must move beyond the
horizon of a crew thinking of one week ata time. The 30 pius years of a plant’s life mean
that the vast majority of maintenance tasks will be executed repetitively. And if the vast
majority of jobs are repetitive, each presents the potential opportunity of contributing to
increased labor productivity through heeding the lessons of the past. That means there
is a tremendous opportunity 10 improve through avoiding past delays. There is a cycle
and a snowball effect. As maintenance crews work jobs, they learn helpful information
about delays. Then they give that information to planning as feedback at the end of 2
job. Planning references this information when the next job comes up for that equipment
and the snowball picks up momentum as repeated jobs avoid past delays.

A final comment is appropriate regarding future work. Even without regarding the
repetitive nature of maintenance work, there is a serious problem when the plant overfo-
cuses on helping jobs-in-progress. When technicians run into a problem, there is generally

a job delay while they resolve the matter. Unless these technicians can quickly move 10
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other work, there will be several technicians standin, ing ti i

A r g around wasting time ¢ven if the plan-
ner rapidly resolves the pmblem. It is undeniably much better to have the planner a:l:ti:i-
pate problems ahead of time and spend time resolving them while no one is waiting.

lllustrations

The following illustrations demonstrate this principle of planning. The first section
shows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

Not This |W.a_','. Sally Johnson was the planner for the mechanical work for Crew A's
ten mechanics an_d ten welders. Since it was Monday, she planned to scope and compile
plans for all the jqbs that the weekend operating crews had reported. In addition, there
were a number of jobs completed last week for which she needed to file the work c;rders
Before she cquld complete checking her email, however, two welders came into lhe.
office requesting her help to run pick tickets for them to receive a valve out of inven-
tory. S_oon after she provided this help, a mechanic called her on the radio for assistance
obtaining bearing clearances for the forced draft fans. She knew this would be a problem
an}l she spent the be.:tter part of the morning locating and talking 1o the manufacturer. By
g;ia%;mx:)lll. the tl‘nterruptions had kept coming and Johnson still had not scuped. the
fist f:gh‘her ee;_?(s]:-t ss . e felt a sense of accomplishment that she kept important jobs going

This Way. Sally Johnson was the planner for the mechanical work ’
mechanics and ten welders. Since it was Monday, she planned to sciz:ec:rl:: cﬁnipl?l:
plans for all the _|c_obs that the weekend operating crews had reported. In addition, there
were a numi;er of jobs completed last week for which she needed to file the work c;rdcrs
Afier checking her email, she began filing. Then as she started to assemble infommlim;
for the new jobs, s.he first made a field inspection, then again returned to the files. Good
she thought, here is a list of parts for the air compressor job. That will help the n';echnn:
ics when they start that job. On about half the jobs, she found useful information from
previous work o_rdcrs. After compiling the information, she finished the required plan-
ning by about midafterncon. That left part of the day to talk to one of the plant engincers
from whom she had asked some material selection advice. She felt a sense of accom-
pllshmgnt that she was part of a new service for maintenance that boosted productivity
and ultimately company profits. She could feel that her efforts were part of a better
pro;::ss than the old “Just work harder” mind set.

§ one can see, the repetitive nature of equipment maintenan i
opportunity for planners to give technicians n‘}lefd start in nvoidi:'ig g:s)tv g:::b]?::ﬁ:l
Technicians need to be mindful to resolve problems without planner assistance and pro:
;l:d; feedback on circumstances encountered and information gained. Planners need to
i c:qful to their task of keeping and utilizing past work order information to improve
Jdc ls cm‘g planned. To make the cycle of job improvement work through avoiding past
- ]ayS, planners must be allowed to focus on future work. Neveriheless, past delays can

nly be avoided if they are remembered, which leads to the next principle.

PRINCIPLE 3: COMPONENT LEVEL FILES

Planning Principle 3 (Fig. 2.5) states
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secure file system based on equipment

The Planning Department maintains a simple,
e equipment data and information

tag numbers. The file system enables planners 1o utili
learned on previous work fo prepare and improve work plans, especially on repetitive
maintenance iasks. The majority of maintenance lasks arc repelitive overa sufficient period

of time. File cost information assists making repair or replace decisions.
Supervisors and plani engineers are trained to access these files io gather information

they need with minimal planner assistance.

The concept of component level files or “minifiles” is a vital key for successful plan-
ning. Principle 3 dictates that planners do not file on a system Jevel or basis, but on an
individual component one. A minifile is a file made exclusively for an individual piece
of equipment the first time it is maintained. The term minifile helps convey the under-
standing that the file does not keep information for multiple pieces of equipment
together. Planners make new equipment a minifile when it is purchased. Planners label
the file with the exact same component tag number attached to the equipment in the
field. Planners consult the minifile for each new job to take advantage of the lessons and
information gained on previous jobs. This principle takes advantage of the fact that
equipment requires repetitive attention over the life of the plant. In particular, cost infor-
mation available through the files helps planners and others make important decisions
on replacing or modifying troublesome equipment. The files are arranged in a secure
fashion to keep data from being taken away unadvisedly and lost, but are arranged sim-
ply enough for other plant personnel to be able to access their information. Engineers
and supervisors directly use the files for obtaining information for prajects or jobs-in-
progress rather than interrupt the planners from planning future work.

The crossroads, 50 to speak, in this instance is whether to file information by systems
or by individual equipment. A simple few files make it easy to put certain information
in, but later difficult to find and take out that information. A complex, multiple file
arrangement would require more time to find the right file in which to put the informa-
tion. On the other hand, later it would be easier to find the information again. Starting
from the extreme, the casiest arrangement into which to place information would be a
single repository or file for the whole plant. Planners would have no trouble filing infor-

4Principle 3

Component Level Files

4+Paper and Computer

4+Work Order and Equipment
Databases

FIGURE 2.5 Filing so that information can be used.
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Enntion because it all goes into one place together. However, later if a

!nfon_nauon saved last year for the clarifier drain valve, it would be ti.m;:;.‘’rlaat:'ltri‘:::l‘:'c? rt|'1l::(ci|
it amidst the mass of other saved data. Moving to a slightly less simple arrangement, the
plant coul(.i file 1nf9m1nlion by building or plant area. A planner would file all the w'asle
treatment information together and later might have a less difficult time finding the clar-
ifier drain \:'alve data. Continuing to how many plants do actually file data, a plant could
fi_le by equipment system such as the liquid waste system, the high pressure steam tur-
bine system, an_d the polisher system. This makes the planner have to take a little more
care ﬁlgng the l_nformation to place it in the right place. Later the planner has a much
easier time ﬁndmg the information if needed. The next less simpie filing system would
be filing information by the equipment itself such as the clarifier drain valve. Obviously
the planner would have little trouble later retrieving information, but to begin with thl;
planner would also have to exercise considerable care filing information. The extreme
case would be to file information separately even by nearly every discrete subcompo-
nent such as a valve body, a valve actuator, 2 pump, or a pump bearing. These arrange-
ments become too complicated for filing or retrieving information. Alternately %he
plant may file equipment information by manufacturer or vendor. Filing by mam'lfac-
turer or vendor is common, but generally not favored because manufacturers and ven-
dors chapgc aver time for particular pieces of equipment.

Consu!er aroad or street address system in a town or city. Persons might take a muiti-
ple lane plghway \o arrive at the town, They turn off the highway onto a major road to go
to the nclghborhood.Then they look for particular side streets leading to the street of inter-
est. Once at the specific address of the home of interest, they turn onto a specific narrow
dnw?wny. The seekers can locate all of the occupants of this home because they are at a
specnﬁcally number‘cd address within the city. One cannot find any of the occupants of the
home t?y simply a.mving in the city. Planners likewise cannot find any of the work orders
for a piece of equipment if the population of total work orders is significant at all.

Consnd_cr 2 doctor’s office. Many physicians have a paper file system direcily behind
the receptionist. Tpcrc is a separate paper file for each patient or, at most, family. The
?hymclal_a can easn.ly determine the patient’s medical history by looking: at the ‘ﬁlcd
information. A patient would also be uncomfortable if the physician did not think any
past history was ever important. A patient would also be uncomfortable if the physician
f‘llcd all history by single neighborhood files. Similarly, planners know that history is
important for all. equipment and there is not too much trouble in filing by equipment.

The cpnvenuonal wisdom is threefold for filing. Do not file information that c;nc
:;:ct:hwsfwﬂl not bc_necded in the future. File in fat files what probably will not be needed
u“dei nut;:l::'u:):r:: Tf needed must be found. File in skinny files what will be needed and

Maintenance work orders decidedly fall into the last cat ideri
ma]l(:rity of cql.:}lpmem maintenance is iepetitivc over the yeacrif)ry considering that the

turns out that once management takes the planners off their tools (Princi
ac|:ually ready_to focus on future work (Princiglc 2), a new situation (a}:ll:ls'::‘;l.p';’;:)f?ll::
gdti::?dcviry_thmg has be:en put for years are not useful unless information is filed by
i idual pieces of equipment. Say a planner is planning a job on the polisher cation
ﬁﬁﬁncrauzn valve. According to the 50% rule, there should be at least one or two pre-
plams l:\m‘r1 orders from the past couple of years that would help, The problem is that the
Eant s:.l a single file to place all the wor!c orders from the polishers; there must be 250
o c::ioe:‘ri; g::ef;:;nner dlocs not h'i;:V; time to dig through them looking for the sev-
on valve 0 is situation i

piet;\e Oflequipment e plangzs& ': this situation is the norm encountered for every
. Asp nnning is implemented, it soon becomes evident that it is not feasi

individual equipment history and technjcal infermation if they are kepi inS I.r.t;rl:l::‘:nctl':'l:::
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System files have too much information to allow quick reference for individual equip-
ment. Once the planner receives job feedback for future reference, it cannot go into a
system file. A system might have 20 to 100 or more different components alone with
multiple work orders for each. When a file is that large, planners cannot practically find
information on a single piece of equipment. Therefore planners use a component level
file for each piece of equipment. When the planner receives a work order, the planner
consults the specific file to find the previous work orders for that equipment. The filing
mirrors the obvious work order arrangememt. Normally, planners plan work orders for
discrete pieces of equipment. It makes sense to file information in the same manner.

Consider a simple, paper file system. This file system is the equipment database
complete with work order history for each piece of equipment. With a minifile, the first
thing a planner does when a job comes in is go to the minifile, pull it out and find the
previous work orders for the equipment. If the planner finds that the last time the crew
worked this job they did not have a certain part, the planner makes sure they have that
part this time. The job is on a learning curve.

As discussed in the previous principle, many persons think a crew never works on
the same thing over again, that it is always something different. Yet in reality they work
on the same things over and over again, just not every day. It might be 9 months to over
a year before a crew works on it again and even then with a different technician. So per-
sons just have a feeling that they are working on different things all the time,
Notwithstanding popular opinion, if a planner can find those last three work orders over
the last 3 years, the planner can heip the crew avoid previous problems. Furthermore, if
a planner can tabulate the previous cost, the planner can make better repair or replace
decisions. For example, “The last two times we worked on that, it cost $1000. L know I
can buy a completely different valve for $500 that probably will not need as much main-
tenance.” Looking to the files helps the planner reach that improvement opportunity. In
addition, since the majority of jobs have been worked on before, most of the jobs cur-
rently in the plant would benefit from a planner being able to review past information
through an adequate file system. Filing information by the individual equipment allows
that opportunity.

Experience has shown that after only 6 months of conscientious feedback and plan-
ning, most jobs in the plant receive a benefit from feedback leamed on previous jobs.

The next issue concerns how the planners should physically arrange and number the

files,

First, an intelligent numbering system of some sort is preferred. Many plants might
have the equipment files labeled by the written names of the equipment. For example,
one file might have Polisher Cation Regeneration Valve as its label. The plant may order
these files within systems aiphabetically or by process location. However, using the fil-
ing system becomes somewhat cumbersome as the quantity of equipment rises. For one
thing, not cveryone may refer to the equipment by the same name. On the other hand, 2
plant-wide coding system allows better file arrangement through intelligent numbering.
For example, from the number NO1-CP-005, one could tell that the equipment is a part
of the Condensate Polisher system of North Unit #1. This number allows not only &
unique, file reference number, but also the grouping of all polisher equipment together.
This system is preferred although some thought will have to be spent on developing an
appropriate numbering system. Some companies have already 1agged their equipment
with unique numbers just for the benefit of ensuring maintenance does their work on the
correct machines. Planning should use these existing numbers as the basis for the filing
sysiem whenever possible. Appendices J and K give practical advice on setting up &
numbering and tagging system.

Second, when using a numbering system, the company must make sure 1o follow

through on one action. Not only must they label the files, but it is almost imperative that!
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they hang matching equipment tags on the field equipment. This simple step greatly
assists the operators and other writers of work orders tie the equipment number to the
work order. This tie helps the planner find the correct equipment files. Some filing pro-
grams have failed not because the filing system was somewhat comptex, but because
there were no corresponding equipment tags.

Third, the planners must set up the files so that the supervisors and plant engineers
do not ask the planner to look in the files; they look in the files themselves. The plan-
ners intend for these persons still to work with files and information. For this reason,
paper files should be open and easy to see with side labels on individual folders. Files
that are enclosed within closing file cabinet drawers tend not to be inviting or as user
friendly as p955ible. Large labels should clearly declare the contents of different shelf
areas. For this same reason, planning should keep all the files in a common area, not
within individual planner cubicles. '

Fourth, if other persons have access to the files, management may have some con-
cern for security. Generally, having the file area located so that persons must first pass
through the planner area is acceptable. This arrangement strikes a balance between mak-
ing the files acqcssible and making the files less prone to wander off by knowing who
is there. Supervisors may want to designate that only certain individual technicians may
access lhe‘ﬁles depending on the competence of the tecknicians in this regard.

The objective of this principle is to create a file system that delivers useful informa-
tion to the planner and the rest of the plant personnel.

llustrations

The following illustrat_ions demonstrate this principle of planning, The first section
shows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

Not This Way. David needed to plan two jobs. One job required a simple filter change
and lhe.other required stopping a drip on the hypochlorite discharge piping. Both jobs
were fairly routine. The filter was not on a PM route because varying operating modes
caused the filter to plug at different intervals. The operators monitored the pressure dif-
ferem_lal and wrote a work order whenever the filter was beginning to show signs of
clogging. David first skimmed through the thick system files behind his desk for past
work orders, FC for Fuel Oil Service System and IR for Intake Chemical Treatment
System. He was sure there were at least some for the filter. After several minutes he was
ahle_ 1o find one for the filter, but not the piping. David copied down the filter and gas-
kgt inventory numbers off the previous work order plan. From his field inspection of the
dlschar_g? piping, he determined that maintenance needed to cut away and replace the
PVC piping. David included PVC piping inventory numbers and a statement to obtain
PVC glue from the tool room in the job plan.

_As D:}vid was finishing up the job plans, Supervisor Juan asked where the equipment
lf:lg?nnga;t;)n w:Ls fo:i- the hypochlo:‘te pumps. David explained that all the information

work orders was together in the system file a i i

shared his cubicle looking throﬁgh the file. " e paenyly a8 i

ITh'f:is ::de. David needed to plan two jobs. One job required a simple filter change and
fnir? er r‘equlred stopping a drip on the hypochlorite discharge piping. Both jobs were
= i%(h‘r;:q.ltlne. The ﬁ!ter was not on a PM route because varying operating modes caused
- r to plug at different intervals. The operators monitored the pressure differential

wrote a work order whenever the filter was beginning to show signs of clogging.
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The operators had written the equipment tag numbers on the work orders so David was
able to watk over to the planner file area and immediately locate the two pertinent file
folders, N02-FC-003 and NOO-IR-008. (David could have found the specific folders
even if the operators had not written the tag numbers on the work orders. The plant
schematics, the computer drill down, or a field inspection could have shown him
the specific number. He could also have simply looked in the file area under NO2-FC for
specific folders for fuel oil filters and under NOO-IR for specific folders for chemical
treatment piping.) As he had suspected there were several work orders for the filter and
one for the piping.

David noticed that out of the three times the plant had changed the filter, two times the
technician had reported having to redo the job because the assembly had leaked upon pres-
surization. David decided to change the work plan and include a reminder to tighten the
strainer cover in a criss-cross pattern. David also included a step to request the operalors 1o
pressure test the line before the technicians packed up and left because of past trouble with
the lid. David also copied down the filter and gasket inventory numbers off the previous
work order plans. From his field inspection of the discharge piping, he determined that
maintenance needed to cut away and replace the PVC piping. David included PVC piping
inventory numbers and a statement 10 obtain PVC glue from the tool room in the job plan.
David also noticed that the previous job in the file for this piping had recorded a job delay
to wait on the operators to drain the pipe. Apparently the pipe was nol self-draining as pre-
viously thought. David included a note in the plan for the supervisor to remind operations
about the potential clearance problem.

As David was finishing up the job plans, Supervisor Juan asked where the equipment
information was for the hypochlorite pumps. David pointed to the file area and
explained that any information they had from past work orders was in the NOO-IR sec-
tion in several specific pump files. If Juan could not find what he wanted there, Juan
might want to try the O&M manuals on another shelf area in the same room. David
asked that if Juan found anything useful, to make David a copy and he would file it in

an equipment specific minifile.

Caution on Computerization

A computer certainly gives more capability to the maintenance effort. For instance, 8
CMMS (Computerized Maintenance Management System) might allow accessing work
order information away from the planning shop (by operators, engineers, and man-
agers). It might allow sorting work orders (such as for specific types of outages). A com-
puter might be able instantly to tabulate previous work order histories with costs and
even eliminate a paper file system altogether. However, these benefits are not the spe-
cific leverage of planning. They are either additional points of leverage or acceleration
of the manual planning operation. Planning itself is not the use of a computer. First one
must learn to add, subtract, multiply, and divide before employing a calculator. The cal-
culator simply helps the existing process.

Be cautious in thinking that having a compuler system is itself planning. Planning
multiplies a work force by 157%: it transforms 30 technicians into 47. Is management
properly thinking that the computer system may help reach the top of this percentage
increase or is management only thinking in terms of replacing two clerks currently
entering work orders or typing PMs? Management needs a sense of perspective. Do not
be unnecessarily eager to abandon a paper file system.

Figure 2.6 declares that computerizing a poor maintenance process will not help
maintenance. This is especially true of the planning process.
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When Using a Computer

1. Ifyou do not know how to do
something without a computer, doing
it with a computer will not help.

2. Doing something wrong is faster
with a computer.

FIGURE 2.6 First learn planning, then computerize

As one can see, having unique numbers for equipment and then filing equipmeni
work orflers and information by those numbers make it possible for the planner to file
and retrieve information as necded. Planners serve as file clerks to a large degree and
need an accurate filing process.

PRINCIPLE 4: ESTIMATES BASED
ON PLANNER EXPERTISE

Planning Principle 4 (Fig. 2.7) states

.PJ.'anner: use personal experience and file information to develop work plans to avoid
anticipated work delays and quality or safety problems.
As a minimum, planners are experienced, top level technicians that are trained in plan-

ning techniques.
4Principle 4

Plans with Estimates Based

on Planner Expertise

FIGURE 2.7 Estimates are easy fog planners that are accomplished craftpersons.
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Principle 4 dictates that the plant must choose from among its best crafipersons to be
planners. These planners rely greatly upon their personal skill and experience in addi-
tion to file information to develop job plans.

The crossroads that this principle addresses is twofold. First, the plant has to decide
what Jevel of skill planning requires. The choices range from using relatively lower paid
clerical skill all the way up to higher paid engineering skill. Second, the plant must
decide the appropriate method of estimating job time requirements. A wide range of
choices also exists for this issue.

1t would seem that with the feedback and file system in place, clerks might be uti-

Jized as planners. However, 45 a minimum, planners need to be top level, skilled tech-
nicians so that they can best scope 2 job or inspect the information in a file for its
applicability to the current job being planned. One issue at stake is in whether to have
(hopefully)} good execution on an excellent job scope or have excellent execution of per-
haps the wrong job scope. Identifying the correct job scope is of primary importance.
One of the best persons to scope a job is the skilled craftperson who has successfully
worked the job or ones similar many times in the past. Even if the planner has not
worked the particular task, a skilled craftperson can research ot make an intelligent esti-
mate for what the task might require. A second issue involves the files. Planners cannot
simply be clerks or librarians in this regard, either. Again as a minimum they need lo be
skilled craftpersons so that when they review information in a file, they can gather all
possible help for the current job. They can look and see if a part used on 2 previous job
was a ““one in a million” type of part or whether it really needs to be a part used on most
future jobs.

Companies have considered apprentices for planner positions. These appointments
run into two problems. First, an apprentice rarely has the experience to scope jobs prop-
erly simply from a lack of experience. An apprentice has also not had the opportunity to
develop a top level of skill. The second problem is that experienced craftpersons receiv-
ing a job plan from an apprentice tend to cast doubt not only about the job plan, but man-

agement’s support of planning as well.

A newly promoted technician rising from the apprentice class has essentially the
same weaknesses in the planner position as an apprentice. Therc is more possibility that
an experienced technician may make a good planner, but consider that the planner will
be dictating certain job requirements to all of the field technicians. If an existing tech-
nician is not a star performer, the technician may not have the skill desired to be scop-
ing all the plant work. The rest of the technicians also have some reason 10 doubt the
specifics of any job plan based upon their perception of the talent of the planner as 8
technician.

Companies have also used engineers and technologists as planners. However, they
typically do not possess the skill to plan most maintenance jobs. Most maintenance jobs
consist of routine valve replacements, filter changes, or equipment adjustments that the
technical experience of the engineer or technologist does not encompass. Each of these
seemingly simple tasks is laden with potential job problems and delays beyond their
experience. On the other hand, even if these personnel have actually risen through the
ranks of the maintenance force while earning their degrees, they are not cost effective
10 utilize as planners for routine maintenance. Routine maintenance offers the highest
potential for planner contribution to compuny success because more intricate or unusu

maintenance tasks normally already receive help from plant engineering.

Supervisors make excellent choices for maintenance planners because they were 1Yp-
ically experienced, top level \echnicians before promotion. Because planners also must
have a high degree of self-initiative, they possess another of the qualities mandatory for
supervisors, but possibly lacking in some technicians. Existing company guidelines for
selecting supervisors frequently are satisfactory for selecting the best planners. Because
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companies rea_lizc that they must attract the best technicians to make planning work
many companies pay planners at or above the first-line supervisor level. A recent sur:
vey indicates this is the case for over half of the electric utilities with maintenance plan-
ning. A company might want to consider moving an existing supervisor into a planner
role or providing an additional promotion opportunity for its existing technicians
Making the planner position a step toward supervisor may also increase support in main:
tenance for planning. Another argument for paying planners at the level of supervisors
is that the planners deal with the crew supervisors, not the technicians, at a peer level
Companies not accepting that planners should be supervisor level might have one r.;r
two other considerations in mind. The company might feel that responsibility over per-
sonnel is more difficult than responsibility over a process. This thought has some merit
but consider that companies typically pay engineers higher than crew supervisors'
because olf n_mrke:t demand. The market might also attract away some of the companies’
best technicians if there is not ample room for growth. Paying planners as supervisors
nf_fers one solution to keep company strength in technical talent. Another consideration
?mght be that tht_a company does not support planning all the way. The company is keep-
ing open an option to revert the planners back into the work force if planning does not
work. The company might aiso be leaving an avenue to replace one or two planners that
do not do well. The_ company so inclined must be very careful that it is not holding back
the support & planning organization must have to succeed. The company might also have
a weakness in not being able to remove unqualified supervisors. If the company’s strat-
egy does not select the best planners, the company does not follow this principle at the
peril of planning. P
wn;[;[;e;;i;:ngdr;.&mng up a Planning Group, gives more guidance on selecting main-
o ::DOI:ICI' issu_e is ltf:c dec\lfelcpment of time estimates. The opinion of the skilled tech-
cian-planner is preferred over skri i i i i i
fick csI:ima[es, P r strict file information, pigeon holing, or other builtup
'Fil? information yields historical data about past jobs, but can only offer general
guidelines for current estimates. For example, the same job to clean an oil burner gun
showed the folloy:ing actual time requiremenis. One time the job took one person 20
hours. The next time the job took two persons 4 hours each. The last time took two per-
sons 6 hours each. A planner might be tempted to average the times and plan for two
persons al about 7 hours each. However, it is difficult to understand why the past jobs
were 50 different especially if feedback was minimal as in these cases. The longest job
might hawlm had an inexperienced technician assigned or the person assigned was given
no other jobs or schedule pressure. In the latter case, the person may have simply taken
all of two 10-hour days to complete the work. If this was the case the planner might be
more inclined to average only the two shorter jobs and plan for two persons at 5 hours
each. Altemately.why might not the planner insist that the target should be two persons
at 4 hpgrs each since that rate had been achieved once? On the other hand, what if the
technician feels that from personal experience that, if done properly, the job‘should take
lwoppelt;sons l::n entire day, 10 hours each? '
erhaps the planner could use the historical time estimates 1o create job standards for
mnmrti:pﬁfted lasécs. The problem‘ with. this approach is first that hisjlorical time esti-
ol Pl%/l l:gt 1:1: ect the appropriate time to do the job right. Second, other than for
o enos‘ he. uy-t0-day maintenance tasks are typically not repeated often enough
i e mug sn?llanly for studied measurements. In addition, management might be
Lo press for egrly PM completion where one of the objectives of PM is to take
Pinf all necessary minor adjustments.
emmﬁf‘ﬂn-hqlm‘g c_offers nnglher option for estimating jobs. Pigeon-holing involves
ing & job's time requirements, by referring to a table or index of similar jobs and
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making adjustments for particular job differences. For example, if the job at hand is to
rebuild a 25-GPM pump, the planner might refer to a table for pump work. The planner
finds a suitable chart showing overhauls for 20-, 50-, 100-, and 200-GPM pumps. The
planner figures that a rebuild is probably about the same as an overhaul and adds a lit-
tle time to the estimate offered for the 20-GPM pump. The problem with this effort is
the time consumed finding and using the correct 1ables even if they are available.

There are industrial enginecering estimates available for minute portions of tasks that
are generic to many jobs the planner is planning. Times for taking off individual bolts
of various sizes, walking certain distances, and particular hand or body motions are
given. The planner could build up a time estimate for different maintenance operations
using these standards. It is doubtful that the estimates these builtup estimates would
yield would be worth the planner’s time in creating them.

In certain industries such as maintenance of automobiles, auto shops have available
books of standards for zlmost any maintenance task regarding almost any car. The great
numbers of identical cars make these books possible.

The jobs in many industrial plants do not yield themselves as well to such universal
standards. These plants use a variety of equipment in a host of different applications,
The plants also have unique spatial or geographic layouts and unique maintenance facil-
ities and personnel skills.

The objective in planning is to help boost labor productivity, not create perfect time
estimates or meet standards. On the bottom line, maintenance supervisors need esti-
mates to help schedule and control work assignments. In practical application, the esti-
mates that a qualified planner can make based on personal experience supplemented by
file information are entirely adequate. The planners’ estimates are therefore considered
the plant’s standards for jobs even though they are not “engineered standards.”

This need for an casily determined time estimate that the field technicians will
respect is one of the reasons a planner must possess the skills of a top level technician.

Two issues arise after accepting how the planner determines the job estimate, Should
the planner plan for a certain skill level and should the planner allow time for delays?
The resolution to both of these concems is that the planner estimates how long the job
should take a good technician without unaniicipated delays.

These concerns are discussed briefly here and more thoroughly in the Chap. 5 sec-
tion on estimating work hours and job duration. First, the planner wants to set a standard
for performance through the estimate. The planner does not want (o set an ambitious tar-
get or gonl. The planner wants the standard to be met, but at the same time provide for

proper maintenance execution of the work. The planner does this by deciding that every
job will be done by a good technician. This meshodology encourages most technicians
on most jobs although it requires the supervisor o shore up weaker lechaicians on cet-
tain jobs. Second, the planner does not allow extra time for delays that the planner does
not expect. This keeps the estimate accurate when the technicians encounter no delays,
and provides the supervisor 2 reference time for controlling the work when unexpecied
delays do occur. The Supervisor can judge the appropriateness of the performance tak-
ing into account the specific delays dealt with and the time estimated for the job with-
out those delays. Setting time estimates for jobs not to include extra time for
unanticipated delays also sets forth the expectation that maintenance should proceed as
expeditiously as possible under normal conditions.

Another issue regarding the expertise of the planner involves skills outside the nor-
mal experience of the planner. Some jobs require crafts outside the background of the
planner. An example might be a requirement of electrical work on a mostly mechanical
job. The mechanical planner has several options. The planner might ask an electrical
planner for input. If there is no established planner for electrical work, the planner might

also consult an electrical technician or leave it up to the electrical craft supervisor 10
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coordinate the electrical input at the time of work assignment. Th i
be abl‘e to provide basic file information from previous%obs that m?gg:nt:l: EZII;;EIhtloa:;g
?]ecmc1ans. A mc‘chanical planner might even have difficulty planning ceriain mechan-
u:fal t_nsks. Many pieces of equipment have become so specialized that not all technicians
within the same craft might be familiar with them. In these cases the planner simply con-
f‘.ulls Wlﬂl'l the specn_alists who have knowledge. The planner attempts to provide useful
information regarding scope, schedule, and file data even on these jobs to help the later
sched_ulmg_ and execution efforts. In certain plants planners may become specialists in
planning different work and do not attempt to plan all the jobs. Jobs requiring the exper-
tise of another planner are referred appropriately. P
'Two final issues regarding planner training include maintaining a planner’s craft
skills and developing skills in specialized planning techniques. Firsi, experience has
shown that a planner retains practical knowledge of crafi skills even when not applying
them in the field. 'This is because of the close association Lo the actual maintenance
through the plqnnmg duties. These planning duties allow the planner continually to
develop strategies for jobs and review feedback from actual execution. The planner also
spends significant time in the field talking to technicians and supervisors. Second, there
are f(_)rmal courses available for training planners in planning techniques, but on-lt'le-job
training provides the most effective training of planners. An experienced planner guides
shc new planner through the processes. The first planning principle to keep the planners
in & separate group together facilitates this learning.

IHustrations

‘The following illustral.ions demonstrate this principle of planning. The first section
shows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

Not This Way. The planner sat down to estimate ten jobs. Lynn was b i i

an apprentice who had completed all of the requiremints net):ressn.ry fo¥ ;l-?:sr:::)_lt":g:':“:g
technician and was‘wniling for a technician job to become available. He had been one
gf the few persons interested in the job as planner when it became available. The first
Job was a pump _ah gnment. He had been trained and done severzl alignments, but never
on a pump of this size. He looked in the file and was able to find a previous’alignmem
work arder for this very pump. The previous work order had estimated 10 hours for the
task and the actpul ﬁe_ld technician had reported taking 10 hours. Lynn therefore used
10 hpurs as the _]Ol? estimate. The second job required rebuilding a fan and there was no
previous ml‘grmnlmn availablie. Fortunately, Lynn had personally been involved in two
rebuilds of either this same fan or its redundant spare nearby in the same service. He felt
::srz :3;2:1::: that the job lfhoulcl take two persons a total of two days. However, just in

g came up, Lynn put an extra ha i i i
= e&imalz Log cam mg L gl ainger an exd jobs_lf day into the estimate. Lynn continued
ter the mechanical supervisor who was about 1o assign several of the jobs
:lll:l!; l;aufnp alignment and fa'n re‘build work orders. Brinan%r had not had a cl{anc;‘:(?l;z:
R Jobs in the field and was inclined to accept the estimate of the planner who had. Still
CT\;'::ngzl:: vyhy the allgdnmcnl procedure should take so long.

. ician received the pump alignment work order and knew right awa
lhmcugrllagﬁm:m wm.,ld only take 4 or 5 hours. Dana decided she would spcng the moyn:ihna;
After%: m% cl:r the job an_d complete it in the afternoon. That wonld ensure a quality job.
e pleting the alignment, she reported to her supervisor an hour before the shift

- The job had only taken 9 hours instead of the estimated 10.
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Meanwhile, Scott and Fred had received the fan rebuild assignment. Surprisingly,
the total job lasted exactly two and one half days as estimated even though there had
been several unexpected delays. Fred had been temporarily reassigned for several hours
at one point. One bearing had also been damaged beyond repair and a new one had been
obtained from inventory.

Several days later Lynn received the completed work ordets for both jobs for filing.
The alignment had only taken 9 hours Lynn observed and the fan rebuild had apparently
gone off exactly as planned since no unusual feedback was reported.

This Way. The planner sat down to estimate ten jobs. Lynn had been a centified
mechanic with over 15 years of experience. He had competed for the job of planner
when it became available since it was a promotion, Lynn had been able to pass the test
and interviews successfully. The first job was a pump alignment. He had aligned most
of the pumps in the plant in his 15 years including this one. He looked in the file and
was able to find a previous alignment work order for this very pump. The previous work
order had estimated 10 hours for the task and the actual field technician had reported
taking 10 hours. There did not seem to be any unusual reasons the alignment had taken
so long for the last person. Lynn thought that most good mechanics ought to be able to
align the pump in about 5 hours. Lynn used 5 hours for the estimate, The second job
required rebuilding a fan and there was no previous information available. Fortunately,
Lynn had personally been involved in two rebuilds of either this same fan or its redun-
dant spare nearby in the same service. He felt very confident that the job should take two
persons a total of two days. Lynn used that for the estimate. Lynn continued to estimate
times for the remainder of the jobs.

Later the mechanical supervisor who later was about to assign several of the jobs
looked at the pump alignment and fan rebuild work orders. Brittany had not had a
chance to see the jobs in the field and was inclined to accept the estimate of the planner
who had. She had confidence in Lynn’s ability to estimate the jobs.

The technician received the pump alignment work order and knew right away that
the alignment would take 4 or 5 hours. Dana spent the moming setting up and aligning
the pump. No unusual delays came up and she reported to her supervisor an hour after
lunch. The job had taken 6 hours instead of the estimated 5.

Meanwhile, Scott and Fred had received the fan rebuild assignment. The total job
had run over about a half day because there had been several unexpected delays. Fred
had been temporarily reassigned for several hours at one point. One bearing had also
been damaged beyond repair and a new one had been obtained from inventory. Scot,
the lead technician, carefully explained the delays on the work order after the job was
completed.

Several days later Lynn received the completed work orders for both jobs for filing.
The alignment had taken an extra hour Lynn observed and the fan rebuild had run into
problems according to the feedback. An extra hour shorter or longer was not unusual nor
was a problem for most jobs since estimating was not an exact scienice. The bearing
damage was a concern, however, and Lynn knew that it would be advisable either to
have the bearing inventory number available or stage the bearing the next time the crew
rebuilt the fan.

The experience of the planners makes a big difference in the success of planning.
Planners must have the skilis of a top level technician to create timely, useful estimates
necessary for increasing labor productivity.

“This discussion has concentrated chiefly on the general scope and time estimates of
the job plans. The following principle addresses the specific content of the job plans
regarding maintenance procedures and specific details. Although top level technicians
should be utilized for planners, there is still a great reliance on the craft skills. The uti=
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lization of superior skilled planners does not mean that unskiiled technicians are accept-
able in the work force.

PRINCIPLE 5: RECOGNIZE THE SKILL OF THE
CRAFTS

Planning Principle 5 (Fig. 2.8) states

The 'Pl.a_nning Department recognizes the skill of the crafts. In general, the planner's
respan.f:blllry is “what" and the craft technician’s responsibility is “how.” The planner
determines the scope of the work request including clarification of the originator's intent
w.here necessary. (Work requiring engineering is sent to plant engineering before plan-
ning.) The p!am:re.r then plans the general strategy of the work (such as repair or replace)
The craft technicians use their expertise 1o determine how to make the specified repair w.-
replacement. This arrangement does not preclude the planners Jfrom being helpful by
aftaching procedures from the file for reference.

'This principle dictates that planners count on the work force being sufficiently
skilled so thflt_the planners can get all the work planned through putting a minimum
lgvel of detail into job plans. Strict adherence to the job plan is not required of techni-
mag& as long as gecdback is received at job completion.

e crossroads encountered regarding this principle is primarily a choice
prod_ucm_g highly detailed job plans for mini?nallypskillelt:i craftsyor prolc’l:uc?:;wﬁ:?;
detailed job plans for highly trained crafts. An associated issue involves whether all the
work should be planned or are there only certain jobs that would benefit from planning.

4Principle S
Plans Recognize the

Skill of the Crafts

4+What, Why - Not How
4+Some Standard Plans
4+Some Engineering?
4+Coordination of Engineering

FIGURE 2.8 The planning depagjment's guidelines on level of detail.

CiM Ex. 1001 Page 21



224 CHAPTER TWO

Another issue is whether strict adherence 1o a job plan by the technicians is required.
The resolution of these questions regards considering the company's desire for produc-
tivity and quality.

Planning promotes productivity by examining work for potentizl delays and sched-
uling work. Planning and scheduling more work increases labor productivity. Nearly all
work has potential for delays and benefits from learning from past history, and 50 most
work merits planning attention. The plant has better control over work that is scheduled,
and so most work merits some schedule control. The objective of the plant is to com-
plete work. To assist the plant in completing work, planners need to plan most of the
plant’s work. First, planners have to be careful not to put so much detail in a plan that
they cannot get around to planning all the work. A general strategy for 100% of the work
hours is preferable to developing a detailed plan for only 20% of the work hours. How
much detail should planners put into plans? If there is a procedure already in the file or
the persons who worked on the equipment previously wrote down some things that are
important, the planner will include those iterns in the work package. 1f no file informa-
tion exists, planners do not spend a lot of time developing a procedure. The planners
must respect that the craftpersons know how to work on something. The planner is in a
sense developing a “performance spec.” That is, the plan describes the intent of what
needs to be done, not necessarily how best to accomplish it.

In addition, there are frequently different ways to do the same job, and the plant gen-
erally wants the technician to do the job in the way in which the technician is most
familiar. Classical industrial engineering seems (0 hold another view, namely that there
is one best way to perform each job. However, engineered standards help productivity
for jobs that are repeated twice per day, not wice per year or less. In other words, plan-
ning seeks more 10 avoid past delays and provide scope and scheduling assistance than
1o minutely examine each welder’s technique on any individual job. In addition, indi-
viduals generally have perfected their individual methods of accomplishing routine
tasks. Requiring a technician to perform a particular task in a way less familiar, though
not necessarily superior, may lead 10 lower quality simply from unfamiliarity. It is the
supervisor’s job to help promote good work practices, not the planner’s job to dictate
consistency among equally valid work practices.

In addition, continual iterations back through planning to approve every modifica-
tion to the plan is a deterrent {0 productivity. It is also unfair to both groups to consider
that the planner who has not taken the time to disassemble a device to have perfect
knowledge. Vital information might only be practical for the field tech to discover and
handle.

On the other hand, there may be a procedure already in the file or persons who
worked on the equipment previously recorded information that was important. The
planner would include those filed items in the planned package. In addition certain tasks
such as a large pump overhaul may benefit from the planner having a “standard plan.”
This plan would describe steps and procedures unique to cerlain equipment and not
likely 1o be subject to individual preference.

Planning concentrates on adding valve. Before there was a planning function in exis=
tence, the technicians had to decide how to accomplish the work requests. Planning does
not take over this function, but rather adds a new function of value. The planners give
the tech a head start from scoping the field situation and reviewing the history file
review, and planners give the supervisor information for scheduling control.

Therefore the planners must count on the skill of the crafts. Supetvisors must shore
up technicians with deficient skills rather than have the planners planning jobs for. &

lower skill level.

Even when including a minimum of detail, the planner must be cognizant 10 include
certain information. First, a planner should include information as t

o why the ptannch
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chose a certain job strategy, especially when the file histo helped make isi
For ?.xample. “This valve is being replaced since patchingriyt in tlljle past ha;h:o(ti::(l)srf:d
wel! (the .plnnncr knows the file history). The technician needs this information to
avoid making unwise field decisions, A planner at one company reviewed the history
file and recom‘mcnded a valve be replaced because of past unsuccessful repair attempts
The planner did not mention the history leading to the replacement decision on the jc;t;
plan. Consequ_.temly. when the technician finished the job, he returned the completed
work (_)rdcr with the following feedback, “I saved the company money by repairing the
;rallg'; mstegd of regl:'l;_:inghit." Second, the planner should include known legal or regu-
a requirements if adherence to a parti i
by otiainra) particular procedure is necessary and not com-
The company is also interested in quality of maintenance Responsibility and sati
faction through ownership contribute to quali i 4 gt
e enhie of wock orgcrs. quality. There are different schools of thought
One school believes that technicians must execute the job precisely as
two reasons. Qne reason is that the planner had access ttj) thg necessyary ipnl?(?;;:ti?:;
mcl}.ld-mg specifications, history, and engineering to develop the proper job plan. Any
deviations from the job plan must be approved by planning before execution, and rec-
oEnmendcfl changes that appear during the job execution must also be immediately coot-
dinated with pla_nmng for approval. A second reason is that restricting execution to the
plan ensures reliable history records without having to count on accurate job feedback
pnc can recognize this school by work order forms or computer systems that have liml—
ited or no space for reporting job feedback. An example of an area where this may be
appropriate would be an automobile repair shop. One would like to approve any work
done to one's car before it is begun. This type of arrangement normally has a larger
planning Slflff because of the iterations sometimes necessary before a job can com-
mence. So in the first school where the planning department essentially owns all jobs
throughout l.he_ work process, a more substantial planning investment is required and
:;:rs:c egrpha:ns is plnc.ed 0; technician competency for determining the job scope and
edure for execution. Better history rec
e it eadback, ry records are thought to come from less depen-
On the: other hand, this book follows another school of thought. While a methodol-
ogy of smcl_adhcrencc to job plans may be necessary for some industries (nuclear power
comes to _mmd). it could be counterproductive. In the first place, planners do not pos-
sess q'le time to develop a detailed step-by-step procedure for every job. In addition
even if they did, field technicians may have an equally valid way to execute the job il;
which they are more comfortable. In the second place, technicians are skilled, knowl-
ngeable. and empowered. This is the type of employee a company desires to develop if
it has not already. The company expects the technician to know the proper method to
execute most of the routine, day-to-day maintenance operations, which is the focus for
improving p_roductivity. If technicians have questions or problems, they can contact
their supervisors or they themselves can access the equipment files. The best planning
practice prefers that 39 technicians do a little hunting around rather than a single plan-
:1;: ::nunuous!y helping jol?s-in-progrcss or trying to plan for every conceivable con-
m[gid c:: on every future job. The tecl.mician giving feedback helps the planner
ot thnl;a I:tl:l.:mbable spccnf_'lc f;!elays to avoid on repeated specific jobs. The first school
P hEn : lli::ps ownership in the hands of the planners for control of the work. On the
L] s t.c tlrs‘;t:t:orld school of t!lought keeps moving ownership of the job to the cur-
When th:r' Ob the v.:ork order. This second school is the accepted model for this book.
e job is being planned, l!ll_: planner owns and controls the work order. Later,
. mmcg_m;u_:m. Ehc field technician owns the work order and is responsible for it.
job is being planned, the plgnner uses field scoping, file information, and per-
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can benefit.
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sonal experience to develop a good general job scope for the
' other anticipated de
given the techn
the field, it is their job. They own it. The tec

ever, and this process requires good feedback fo
second schoo! adopted by this book where the ownership actually passes 10 the field

ician a time requirement. When the technicians receive the work order in

technicians, a leaner planni
technicians. A higher reliance is made on receivin
records accurate and allow avoiding future job delays.

This arrangement could be 2 sturnbling block for the planning group that feels they
“own” all the jobs from start to
cute the jobs properly. Explicit adv
thinking to the team concept.

Keep in mind thai t
The principle requires t
their craft specialty. This may involve their being
manual correctly. A cerified welder will know how o
skilled mechanic will be able to follow and perhaps improve upon 2 guide to rebuild o
boiler feed pump. The planner may

unusual safety precautions or machine tolerances. Warren Riggs and
£ Eastman Kodak (1995) correctly note that empowerment is in direct con-
flict to standards and that some jobs require standards.

After planning the job, the planner no longer owns the job. The planner gives the
technician a head start on the job, but the technician now owns the job. After beginning
the job, the technicians are free to accomplish the job scope &
have a closer intimacy wi
cians must give feedback on any job changes or del

jobs such as
Harrington o

Once planning accepts this principle, planned covera
in Fig. 2.9. Planned coverage s the percentage of all work hours spent on planned jobs.

100% planned coverage would ind

CHAPTER TWO

right job avoiding past of
lays. Planning has given the technician a head start. Scheduling has

hnician is part of a team in the process, how-
r file history to help future work. In the

ing effort requires more competent and empowered field
g good feedback to make history

finish and are responsible for making sure the crews exe-
ice is necessary to these planners to reorient their

he skill of the technicians does not mean that anything will do.
hat skilled technicians will know what standards to follow for
able to follow o provided technical

perform weld heat treatment. A

have to provide particular standards for particular

s they see fit. They may

th the job than the planner had time to develop. The techni-
ays encountered so that future plans

ge can take a big leap as shown

icate that the company spends all labor hours on wark

Planned Coverage

Changed Planning
Approach \

0
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FIGURE 2.9 Putting iess detail on plans.
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assignments only on planned jobs. 50% planned coverage would indicate that the com-
pany spends half of the labor hours on planned work. This company was able to move
from work crews spending only about 45% of their work hours on planned work to about
65% of the work. The company made the improvement simply by changing its approach
to allow more dependency of the skill of the technicians. Planners were able to plan
more 'work for the crews by spending less time specifying unnecessary details. Craft sat-
|sfacno_nlwnh th; work plans also increased as technicians felt more responsible for
determining particular craft operations. Not only were planners planning more of the
wor}:c. but they ;vcre no longer insulting the technicians,
ere is another sensitive area for an existing planning group that man i
as putting total information on every plan. The Igss skillgcg lecII:nicinns mzzlgycl':::cgni:lt:cl:::
plaining when less details start to appear on job plans. Communication and management
commitment o the program must focus here on the purpose of planning. One of the
problems is that unless they are informed, technicians and supervisors may not under-
stand_how.helpt_'ul a simpie job plan is. A simple job plan may have a good job scope
craft u‘.lcntlficnuon, a.nd time estimates along with a knowledge of previous job dchfys:
::c; ;;'ior:c;bg‘:e supervisor must accept the responsibility to assist weaker technicians on
The crew supervisor still has an option regarding work plans deemed unsatisfactory
The supervisors can return job plans to planning for additional detail or information ns:
long as they have not yet assigned the work. Once the work has been assigned or has
commeqced, the crew owns it and should resolve problems and give appropriate feed-
bac;_to 11Ir.npl'ove future planning efforts,
 Finally, engincering assistance merits some comment. Planners
w!thm thgtr level of expertise. Planners should recognize, but not bccgtr:l?tl)igpglzg c‘lt':\’;ﬁ
w_lm.ldemgn considerations beyond their expertise. The planner is responsible for coor-
dinating wor'k req_uested for plant engineering where appropriate. The planner stili owns
tl_\: job at this point and should request a quick turnaround of answers to routine ques-
tions. If the questions point to an extended effort on the part of engineering, the planner
should take other steps. The planner should formally assign the work Ol’del" to the engi-
neering group or otherwise request that a project be initiated. A few plants have an engi-
neer asmgnf:d un‘der the planning supervisor to provide easy access to engineering
support. This engineer would answer uncomplicated questions and coordinate questions
requiring more extensive research or determination. Utilize caution when mixing a staff
engineer into the production environment of the planning department. The planners
must not become staff assistants to the engineer gathering file information. Planners
must not become distracted from their planning chores. .

lllustrations

The following illustrations demonstrate this princi i

1 principie of planning. The first section
s:ows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

f::l; T{us W:y. ‘Typically it seemed the crews worked only about one out of five jobs

o sg ;nneh tlillas:s. This dls!ressed. Hosea, the supervisor of planning. The problem was

oy cuulcrc at the supervisors did not want the planned work, but that planning sim-

e not get to the jobs before the crew had run out of planned work. In these cases

e nr;':lurally turned its attention to the unplanned work backlog. There were ample

s Th' ere were ﬁ\fe planners for only 100 technicians. The planners were busy as
. The planners continually worked to provide detailed procedures on every plan.
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The problem with the crews working unplanned work was that they were simply not
able 1o take advantage of parts lists or other information the planners had available from
past work. Supervisors also had inadequate information io control schedules. That
brought up another problem. With the planners being so busy, they were not filing all of
the completed work orders. So even on planned jobs, the files were not as helpful as they
might be.

There were also some indications that particular members of some of the crews
thought planning was 8 w“waste of time,” in their words. Hosea had talked to one elec-
trician who told him flat out that he did not need to be told how to run a conduit. This
electrician had felt irritated at the thought that he had to be baby sat.

One of the planners had also expressed irritation recently, but not for the same rea-
son. This planner was upset that the crew supervisor had not taken the plan’s advice to
rewind a motor in-house. Instead the supervisor had agreed with the technician to send
the motor out to a local motor shop. The planner wanted to know why the supervisor did
not understand that in-house work could provide better quality. The planner asked if
Hosea would bring the matter to the plant manager 0 resolve.

This Way. Typically it seemed the crews worked about four out of five jobs on a
planned basis. This was acceptable to Hosea, the supervisor of planning. The problem
was not so much that the supervisors did not want the planned work, but that sometimes
the supervisors directed technicians to unplanned work., The unplanned work was press-
ing and did not appear 10 require much planning. Hoses knew that after becoming more
used to planning, they would want even more of their jobs reviewed by planners before
starting them. There were ample planners. There were five planners for only 100 tech-
nicians. The planners were busy as well. The planners continually worked o provide
adequate job scopes, time and craft estimates, file parts jnformation, and other notes to
help avoid previous job delays. The planners were able to provide planning for all the
work orders that the supervisors had not immediately written up and started themselves,

The advantage of the crews working mostly planned work was that they were able to
take advantage of parts lists of other information the planners had available from past
work. Supervisors also had adequate information to control schedules. The planners
were busy, but still filed all of the completed work orders. S0 to improve all of the
planned jobs, the files were becoming ever much more helpful.

There were still a few technicians that did not understand how helpful the scoping
and file information were to them or the scheduling information was to their supervisor.
Some technicians thought that without a detailed, step-by-step procedure, planning was
a waste of time, in their words. Hosea had taiked to one electrician who told him he did
not receive a diagram on how to run some field conduit. Hosea carefully explained to
the technician that the planner had considered this to be a field decision. On the other
hand, the planner had reserved 60 feet of conduit to avoid a parts delay, enough to sat-
isfy any layout.

The planners had accepted their roles of giving the technicians a head start and the
planner duty carefully to save any feedback on actual job performance. One of the plan-
ners had recently received feedback that a plan to rewind a motor in-house had been
contracted. The planner made sure to record the contract motor shop’s address and war-

rantee information for the files. The planner also checked with the supervisor to se€ if

future plans should consider such an option or if this was justa one-time event.
Planning provides the what, the technicians provide the how. This ensures that the
company best leverages the skill of the technicians. The company wants the technicians
to do what they were trained to do. At the same time, this allows the planners (o ensufc
planning all the work so that every job can have the benefit of advance planning. This
principle presumes the company invests in the acquisition and training to produce an
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muaintain a staff of skilled technicians. Planning gives skilled technicians a head start

PRINCIPLE 6: MEASURE PERFORMANCE
WITH WORK SAMPLING

Planning Principle 6 states

) Wrench lime is the primary measure of work force efficiency and of planning and sched-
uling eﬂ'ecr_w.eness. Wrench time is the proportion of available-to-work time during which
craft 17¢:hmcmm are not being kept from productively working en a job site by delays such
as waiting for asng{:mem, clearance, parts, 1ools, instructions, travel, coordfnarign with
other crafts, or equipment information. Wark that is planned before assignment reduces
unnecessary delays during jobs and work that is scheduled reduces delays between Jobs.

Principle 6 ordains that measuring how much time crafi ici
_ . suris t technicians actuall
on the job site versus 9lhcr activities such as obtaining parts or tools determi‘(n:ﬁll]lg
effectiveness of the mdintenance planning program. This principle holds that delays are
n;n Slfntlll:lyde' tc;f a lechfmcmn's job and should be avoided. Figure 2.10 shows an exam-
ple of the distribution of technician time. Only category 1 is ductive ti j
All quf the other categories identify delay timg £ productive s on e job

e mind of management must resolve two crossroads considerati

¢ W erations. (1) Does man-

agement have a specific mission for planning to keep technicians on joé sites or dggs

4+Principle 6
Measure Planning Performance
by Analysis of Delays with
Work Sampling

«  Distribution of Time

40
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Category

FIGURE 2.10 This company’s thme on the job is only 35%.
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management have a more vague idea of planning somchow contributing to effective-
ness? (2) Is working in a delay area such as obtaining parts or tools merely part of the
job or is it a delay to be avoided? Does management’s strategic vision invalve moving
technicians out of delay areas and onto job sites or does the vision only have technicians
working hard to do everything necessary.

The purpose of planning is to help put everyone on {heir tools in front of a job instead
of traveling, waiting for parts, o otherwise being delayed. The purpose of planning does
not include making sure persons are productively working once they are in front of a job
and not being delayed. The issue of productively working once on a job is important,
but it is not centrally associated with planning (other than the planner setting an infor-

mal time standard through the estimate), Nevertheless, consider that whether or not time
roportion of time so

in front of a job is as productive as possible, simply increasing the p
spent by a work force should increase the number of jobs completed by maintenance.

That improyement is the purpose of planning. Similarly. planning is not concerned with

administrative time spent for activities such as training, meetings, or vacation. Planning

concerns itself with the time technicians do have available to waork under the control of
their supervisors.

Work sampling (also known as wrench time) gives this measure of how much plan-
ning helps, The time the employees are at their job sites working is called direct or pro-
ductive work. At issue is not so much the time the technician spends doing productive
work. What is actually important is the analysis of the nonproductive time. For exam-
ple, how much time is spent waiting for parts; how much time for tools; how much time
for instruction? If the technician is obtaining a part, instruction, or tools, the job is actu-
ally not progressing. Separate studies done over time indicate if planning is becoming
better or worse with regard to reducing these delays. Has the time waiting for parts gone
down; has time waiting for tools gone down: has time waiting for instruction gone
down? Interestingly, measuring the technicians tells about the planaing function, not the
technicians. The planning tool should have an effect on the technicians.

The interesting thing about this principle is that it does not make planning work per
se, it only measures how well planning is working. A company could believe in plan-
ning and successfully jmplement planning according to the other planning principles
without ever conducting a wrench time study, Similarly an automobile could function
flawlessly without 2 specdometer. Nonetheless, measuring wrench time does tell
directly if the objectives of planning are being met. The objectives of planning are 10
reduce delay times and put technicians on their tools. Measuring wrench time thus also
gives an overall indication of how well the other principles have been implemented or
accepted. The other principles must be in place for planning to succeed. Wrench time
analysis is an indicator, not the control of planning ot the work force. Chapter 10 deals
exclusively with the control of planning.

While management might not use wrench time measurement to conduct of control
planning, it might use it to demonstrate the need for planning. Maintenance planning
effectively helps improve labor productivity exactly because there is such a great mis-
understanding of the current level of direct work time. That is why analysts present the
results of work sampling studies to management, supervisors, and technicians. The real-
ization that delays consume over 70% of work force time and direct work is less than
30% generates extremely beneficial dialogue toward accepting the concept of planniog
and productivity improvement. An important issue is that everyone understands that
while technicians are being paid by the hour to handle delays, the company is not receiv-
ing any benefit from such activities. The company benefits when productive mainte-
nance keeps equipment in service to make a product for market. The company does not
benefit from avoidable activities that consume over 70% of its work force labor hours.

Such a discussion time is a marvelous opportunity to explain that delays are undesirable.
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The technicians vie_w the results of the initial wrench time studies as even more remark
able when the_y realize that during the course of the study, they had made a special effor‘:
to be productive. That means the observation effect of the study showed llin)e resulis ¢
be even more conﬁ_n‘ning that at best the productivity had been less than 30% °
Simply conducting a wrench time study to illustrate what planning is ali :'1bout and
why the company employs technicians (to work on equipment) could be worth mo
than Ehe results of any study itself. The measuring of wrench time does not yield Ialr:
ning improvement, it only quantifies it. A properly structured planning system wiiIl)iin
maintenance organization yields the improvement whether or not it is n;czllsured :
Itis difficult to agree with industry claims that productive time could possibl. be s
low wnho_ut the results of a valid study. One supervisor submitted a scenario slfowino
how hard it would be for an employee to try to have such a low wrench time. This su t:rg
visor showed o theprel_ical technician through an average day. The tech t:irsl tool? 3(;
m§nutes to start going in the morning. During the course of the day the tech spent 45
minutes receiving instructions from the supervisors and 60 minutes waiting at ei?her th
tool room or storeroom. 45 minutes were consumed traveling. The tech tock a total ef
90 minutes in breaks apd 30 extra minutes for lunch. The tech also took 90 minutes fgr
showering and otherwise getting ready to go home at the end of the day. With all this
vl.vaslcd time, the tech had only 210 minutes left out of the 10-hour shift t:or work. Thi
time arrangement netted the tech a 35% wrench time and 65% delay time lncredii)le :
it scems, the typical wrench time reported in industry ranges between 2.5% and 35‘;5
}Vhﬂe some employees at each plant are in more productive situations than others stud'
ies show overall productivity measurements are in this range. A few minutes h;:;' c;
there add uptoa _produclivity problem with significant delays. o
. Wrench time is accurately measured with a properly structured, statistical observa-
tion study. The study sets up statistical procedures to ensure proper observalior; tech
niques. G.enerally.. a study conducts observations over several weeks or months u;
ensure a time r:nenod representative of the work force's normal activities. An observer
has a list of maintenance employees at the plant each day of the study and iw.q a method-
ology for selecting a sample of employees to locate each half hour or other {ime eriod
Thc first moment the observer locates a selected employee, the observer calegori';es the:
activity as a }ype of work or delay. The cbserver does not merely follow an em |;J ee
around to gain observations. The observer also does not locate jobs instead of Ic:rszns
because some persons may not be even assigned to work. At the end of the su?d th
study reports the proportions of observations in cach category. Appendices G and l-)l(‘ :
sent actual work sampling studies conducted at an electric utility. ‘ P
megg:ie; al:si,seefm;mzl methods of rr.le'asuring wrench time have been explored. One
Ao n to have §evernl :ndwu}lunls in the work force carry special scorecards.
so:'er pages these individuals at specified rundom times during the day. When a per-
pmbslep;ic‘l; ig[zctsh(i)sff;n tChtt;llO %e;sr:ns reconl'ls él_u: ap}})‘ropriale category on the scorecard. The
X everal. First, there is not a single person decidin
:ﬁ[:r&};n;:g :tate gc:’ry 1o use. Second, there teqd_s to be great rclucgtang: on the part o% :::;
s e m mr];ro uctive ?mployees to participate and carry a scorecard. Third, this
e th;qre issatl:xtreme |mc§nty on e.veryone's part instead of on a single observer.
cuntim:mll £ 18 sc} e':luremc “‘observation effect” in that the person being measured is
oo ayv g re l:i td € ongoing measurcment. As might be expected, studies using this
B erudy wm:‘l:;mi. ed average wrench times about 20 to 25% higher than what a nor-
B Woul 8| ol\:' on the same work force. That means when the actual work force
B eaies sus Ero ag!y about 35%, there would be reports of 55 to 60%. On the other
= l;) T :' as :1 is can often be conducted with good humor and effectiveness,
ey versu1'enc time, but to help educate the work force of the importance of
s delay activities.
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Similarly, efforts to have entire crews where everyane keeps track of their daily time
in the different categories have resulied in reported wrench time hardly ever below 80%.
These studies with everyone participating even if just to raise awareness are probably
not a good idea. They seem 10 degenerate into a “liars’ club,” damaging the integrity of
everyone and everything, including the wrench time concept. It is about impossible for
an individual to keep track of the minute-to-minute delays that impact one's work on a
continual basis. This factor combined with the often disbelief that wrench time could be
fairly low anyway leads everyone to guess high. Consider this point applicable to work
order or time sheet systems that expect everyone accurately to quantify all their delays
during a job or time period.

Nearly everyone has apprehensions that conducting a wrench time study could be
taken by supervisors and \echnicians in a mean-spirited way. That does not have to be
the case. Communicate the reasons before, during, and after the study. After the study
report the resulis to everyone. It is difficult to imagine too many persons objecting to a
program designed to boost productivity only to 559. Also, after some studies work
forces were able to demonstrate the need for new tool boxes, & better storeroomn, and
even go-carts. During the study consider using a familiar, agreeable person as the
observer.

A further mention of administrative time is appropriate in the discussion of wrench

{ime. The wrench time study observations do not include any employees not available
for work. If employees are scheduled for training all day, those employees are not
observed. This administrative time is time the company has decided to invest other than
for immediate work. On the other hand, consider the implications about wrench time.
Consider if employees are only available for work 80% of the lime because of adminis-
trative time. A wrench time of only 35% is only a measure of the percentage of time
available to work that the employee was directly working. The percentage of time paid
that the employee was directly working was a mere 28% (35% X 80%). Looking at the
cost 1o the company another way, say that the technician is paid $25 per hour. Because
the employee is only working 98% of that time on the average, the company actually
pays $89 for work that the employee accomplishes. This is why contracted repair per-
sons charge o seemingly high rate for time spent at the company's location. The work
force needs to understand its own high cost to the company and join forces with man-
agement to raise productive time and lower the rate of company labor cost. While plan-
ning can help with the productive portion of available time, the company cannot take the
impact of the other administrative time lightly. The company must balance among pro-
viding competitive company benefits, investing in training, and making technicians
available to work.

Hlustrations

The following illustrations demonstrate this principle of planning. The first section
shows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

Not This Way. Management could not understand why reliability continved its slow
decline. From discussions with the planning department, nothing seemed to be out of the
ordinary. The crew supervisors claimed to have their hands full, but were able to stay on

top of things.

This Way. Management could not understand at first why reliability continued its
slow decline. From discussions with the planning department, nothing seemed to be oul
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of the ordinary. The crew supervisors claimed to have their hands full, but were able to
stay on top of things. However, from observing the general state of the work force, man-
agement suspecied a lower than desirable productivity. Management had nolicec; lines
at both the tqol counters and storerooms. In addition, it appeared that breaks were some-
y.-hat excessive. Management decided that direct work time on the jobs needed 1o be
|mproved_ and that meant there was a problem with the planning and scheduling process
_Plannmg has L.he responsibility to help move personnel onto jobs and out of delay sit:
uations. Even without making formal measurements, understanding this concept of
wrench time as valuable time and delay time as waste leads to improvement. Properl
conductefl studies can quantify the direct work time, help educate the work fo'rce on thi
need for improvement, and demonstrate improvements. The wrench time is not so much
1 mclasurs of the work f_orce‘s performance, but that of the success of the leverage being
;:tl,pdg_;,r:ys'by the planning process. Planning takes direct aim at reducing the causes of

SUMMARY

So fn_r the planning effort has mainly focused on making individual jobs ready to go by
identifying and planning around potential delays. Consideration of six basic principles
greatly boosts _tlle planning program efforts toward success. Each principle resolves a
crossroads decision that affects the planning effort. At each crossreads, the company has
1o make a decision _regarding alternate ways to conduct planning. The decision the com-
pany .makes regarding each situation determines the ultimate success of planning. Each
?nnmplc presents l..hﬁ recommended solution to the crossroads. While a plant' must
incorporate or consider all of the planning principles to be successful, ighoring a single
one carl of.len. spell the ineffectiveness of the entire planning effort.

The pqncmlcs are having planning in a separate department, focusing on future
wloE'k, hnvmg_ component level files, using planner expertise to create estimates, recog-
nizing lhq S'klll o_f the crafts, and measuring planning performance with work sx;mpling
for tec'hnu:mn c!m:ct work time. Having planners separate from the control of crew
supervisors avoids the temptation of using planners for field work instead of for plan-
ning. Planners also need to avoid continuaily being interrupted to resolve problems for
jobs a!ready under way. Planners need to focus on future work not yet begun. Because
most jobs are repetitive, file history can help technicians avoid previous problems
encountered. O{IIy when planning keeps a separate file for each piece of equipment is it
practical to retricve information when needed. Planners must possess the experience of
top level technicians in order to scope jobs, utilize files, and estimate times adequately
Engmccredl standards or other sophisticated time estimating techniques are urmccessar);
to acqoplpllsh the specific objectives of maintenance planning. At the same time, craft
technicians must also‘ demonstrate considerable skill during job execution. Plz;nners
lt:llllum on lech.m.cmn skill and the planners focus on providing adequate job scopes rather
lc::n?::l'pmgdl!]g an abundance of job Procedure details. During actual job execution,
for pl m:z:: ﬁtl::;dtl:: lt::l:\i' be;: ;o nl::ct:pmpllsh job scopes and later give adequate feedback

. . nc jecti i
beigg me;. Jhes. Final gr' e della?:. measures whether the objectives of planning are
o utilizing planned work packages increases the maintenance department’s abili
;::énplcte w9rk ordefs effe.cliycly, efficiently, and safely. With mnir[:u:nnnc‘::l pSI:r?rllllll:;
Hel?eni;hwc ;;:( g:::m:llnf I:jI:IHCIPICS‘dw';"ll] the planning effort “work™?
3 utility discovered. They had only a marginal plannin
Planning department consisted of appgentices tasked with dgevelc?ping vfrye ﬁ;?::&}z;
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plgns o_:ll lOWel;( p:lioritly work orldcrs. dﬂl‘f ct:-ews \'m::(ec‘iﬂ velr(y fe\sv of the plann:c‘l) j(s)b:’ a:t: The analysis of this last study revealed a very i .
si(‘:n‘t:,’:iJ :l \\?orlfrssi;m ;in .r::uyd I\:J‘r)cnghltiis wgq onlyn37% anz'an nnalgysis of the delay areas that planning on individual jf;bs might h:f' (I)(l; ;:'m{?il (l:,amgoﬂes' Tt]ose i the
el p , 2 l l);f- e et s onty 37 e tools. Thi ey for excessive startup, break, lunch, and shutd p oid. Large delay times did exist
areas indicated t at the plant could do a eiter job with parts and (001 is was either 1o their credit, the Iechnic‘i h‘d ttdown categories. Despite these delay times,
symptomatic of tools and parts availability problems or planning problems, or both. assigned them ons had consistently been able to complete all the work

1af.ﬁﬁ?dﬁ’ﬁiéﬂﬁeﬁdé‘fl‘iié“fﬁﬂ;ﬂfé&ﬁfs company e & . (Howeve, Even 50, a review of the wrench time for each hour of the day indi .

Ehere was no compensation program to make Janner pay competitive. In fact ‘because the how technicians completed their work., When receiving th ¢ day indicated a scenario of
plant did not allog\.'c planneri; log work much gvenimep l¥1e reafl)c pay of planm':rs ended up nicians would scope out the jobs and begin work intcmn-si:n e;:'dwqr:: for the day, the tech-
P wer than that for most field technicians.) The com'pany also purchased separate hand E;;tls ﬁ:tl:;:ril;l’g. Then after lunch an incredible burst of agcuve:;"wss;ﬂ;é':fﬁﬂg !::r)::;
\0ols for each craftperson to reduce sc:mring problems. The compnmé also virtu:lly d;m}:led yearsp. sspe‘:vizgisuﬁgg g‘:pz'?:\t:l'm::s could ease up until the end of the day. Over the
e emping sy rvesed by e soreroom ey 7%, A T S o . et tht inount of work every day. The
Since analysis of the last wrench time study showed travel time was at 22%, manage- only problem was that now with several systems in plac unt of work every day. The
ment purchased bicycles and golf carts to help reduce travel time. At the same ti'me how- supervisors needed 1o assign more work. Obviousl pm ¢ to allow doing more wf"k’
i s d'ople 4 the six pl:;nning scheduling of planned work in the planning picture )lclni:;i%ﬂ::::;n:eg":d 1o consider
ology to ensure assigning enough work. This leads to the next chaept.::r 3?1";3::31.1}?:;;

ever, management overhauled the planning program &n
principles. The company took the planners out from under the control of the crews. The gl
company encouraged the technicians not to seek planner assistance for problems on jobs principles.
already started. The company adopted an equipment numbering system to begin creating
specific equipment files and filing by system ceased, The company again replaced the plan-
ning personnel. This time management selected technicians who had all passed the super-
visors lest, but were yet not promoted ductoa lack of positions. These new planners began

1o rely on the skill of the crafts and focused more on providing good job scopes and esti-

iding detailed job plans. With these principles in place, certzinly
planning would succeed. The third wrench study revealed only a 35% wrench time. See
Fig. 2.11. How surprising since analysis showed travel time had dropped o 15%.

Wrench Time
" |
70 .

f GOOD

Yr0 Yr1 Yr3
375 37.7 3541

FIGURE 2.11 Different studies over lime.
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CHAPTER 3
SCHEDULING PRINCIPLES

Effective scheduling is inherent in effective planning. This chapter explains the reason
why routine maintenance needs scheduling and then presents the principles of effective
scheduling. Together, these principles create a framework for successful scheduling of
planned maintenance work. Each principle sets guidelines on how maintenance should
handle a different portion of the scheduling process.

Just as for planning, six principles greatly contribute to the overall success of schedul-
ing. First, planners plan jobs for the lowest required skill levels. Second, the entire plant
must respect the importance of schedules and job priorities. Third, crew supervisors fore-
cast available work hours one week ahead by the highest skills available. Fourth, the sched-
ule assigns planned work for every forecasted work hour available. And sixth, schedule
compliance joins wrench time to provide the measure of scheduling effectiveness. Figure
3.1 shows the entire text of these principles.

WHY MAINTENANCE DOES NOT ASSIGN
ENOUGH WORK

Aids such as planning good job scopes and having parts identified and ready make it
casier to complete maintenance jobs but do not ensure that more work will be done.
Adopting all six planning principles from Chap. 2 does not ensure that more work will
be done. The reason why is because these aids and principles make it easier to complete
individual jobs. That is, each job assigned should be easier to complete than it would
have been without such help. If a particular job that used to take about six hours now
takes four hours, that does not mean more work was done. Why? The simple reason is
that still only a single job was done. Figure 3.2 explains that productivity cannot
merease if supervisors do not assign additional work.

Supervisors are typically responsible for assigning individual work orders to techni-
cians, and there are a number of reasons why supervisors might usually assign an insuf-
ficient amount of work. In concert, these factors perpetuate a powerful culture to
maintain the status quo. This is not a problem of the personalities of the supervisors, it
is.a system problem encouraged by how plant managemeni has arranged the processes
of maintenance.

_ First, crew supervisors develop a feel for how much work persons should complete
in a day. During the past years that scasoned supervisors, no planning function
existed. The plant also may not have had an adequate storercom, tools, or other
resources now becoming available. It used to take all day for a few technicians to
complete one or two work assignments. The technicians had to work hard and stay
busy rounding up parts and tools. Frequently they had to clarify instructions and job
scopes during job execution. They persevered and completed their one or two jobs.
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Wrench Time Cannot
Improve If Crews Are Not
Given More Work

FIGURE 3.2 The reason planning includes scheduling.
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Now, however, with it easier to complete those one or two jobs, the maintenance
supervisors may not be assigning more work. Habits are hard to change.

Perhaps the supervisors do assign more work. Perhaps they assign two or three jobs
to the two technicians. The supervisors would thus feel very supportive of the company
mission. But why two or three jobs? Why not four or five?

Now shift to explore another phenomenon. Consider a scheduled outage such as a
major overhaul, sometimes called a turnaround. A maintenance schedule dictates the
completion of certain jobs, often at certain times. This is true even for many short
unscheduled outages for emergency repair. Everyone also shares a sense of urgency.
The maintenance group completes a Jot of work. Schedule pressure drives the outage. A
consideration for doing quality work and doing the work right may alter the schedule,
but the maintenance group still completes a lot of work in a short amount of time.
However, that is not the phenomenon being considered here. After the outage, the crew
supervisors know that they have just accomplished a lot. They have restored production
capacity to full availability, and it is time to relax. What? The phenomenon encountered
is that the supervisors may think they are rewarding their crews by not pushing for com-
pleting a lot of work every day. The supervisor thinks, “How could I expect to work my
crew like dogs around the clock during such a critical time and then ‘press them’ the
next day?”" The supervisor may feel the outage where everyone works so hard justifies
not working so hard later.

In addition, many supervisors feel that the company really does not have quite
enough persons during an outage, but that during a regular, nonoutage work day itis a
little overstaffed. The supervisor reasons incorrectly that the company has to carry exira
persons so it can be ready for the outages. This reasoning is faulty because there is much
work that needs to be done on a normal work day for the competitive company. Outages
exhaust maintenance personnel because crews work hard, but they always need to work
hard to be competitive. One reason they can still work hard without an outage is that
normally there should not be an inordinate amount of overtime when there is not an out-
age situation. Maintenance personnel can work hard for 40 hours each week without
being too exhausted.

The crew supervisor may also feel that there is not enough work for the crews on
nonoutage days because they are only working on the urgent or high visibility jobs.
They may be ignoring the lower priority jobs to prevent future failures. The crews keep
somewhat busy fixing those things that break or fail. The high priority jobs give an
enormous sense of satisfaction because technicians can directly relate their completion
(] Plant availability. The lower priority jobs’ link to availability is less clear. Extra time
exists (remember they can now do a 6-hour job in 4 hours) for performing other main-
tenance jobs to head off failures. Supervisors just do not seem to assign those lower
!:lno'rity tasks, To make this situation even worse, crews try to make the backlog of sat-
isfying jobs last so they do not run out of work.
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FIGURE 3.1 The six maintenance scheduling principles.
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A related practice is a technician receiving a single job assignment at a time with the
understanding to come back for a second job when he or she finishes the first. Three
things occur. First, the technician feels that the first job is the job for the day unless itis
very obvious it should only take an hour or two. So nearly every job becomes an 8- or
10-hour job depending not on the job details but on the hourly shift duration. Sccond,
the psychology of the arrangement encourages the technician to presume the next job is
somehow a worse job. The fear of the unknown gives appreciation for the current job,
“Why rush through it to go to the next job? In fact, I bet the next job is the worst job in
the plant, shoveling out the poiler.” Third, if the technician does return for the next job,
the crew supervisor “cherry picks” through the backlogged work orders in the order of
whal is urgent and not necessarily by what is serious. If there is nothing urgent in the
backlog, the supervisor may well assign the technician to help someone else on an
ucgent job currently in progress.

Similar to the manner in which many jobs are assigned or executed as &- or 10-
hour jobs, the practice of assigning two persons to each and every job may exist. True,
many jobs require the safety consideration of an extra set of hands, but this practice could
becorne a bad habit. Supervisors as well as planners may always assign (wo persons,
needed or not.

Many of the circumstances just noted support a powerful counterproductive culture
of peer pressure. Ample reason exists for not productively completing jobs quickly.
Very little reason apparcntly presents itself otherwise, To try to counter this, many facil-
ities do not even write on the technicians’ copy of the work orders how many hours the
jobs should take. These facilities fear the technicians will slow down if they know they
can beat the time estimate. This is not a reccommended practice. The technicians are part
of the team and the time estimates help them understand the expectations of the job plan.
Maintenance management needs a tool that helps supervisors know how much work to
assign.

Thus planning is & maintenance manages’s valuable tool. Having the estimates of
how long a job should take and the number of persons of each skill required is a simple,
overwhelming powerful addition to the situation. If a job plan expressly requires a sin-
gle welder for only 4 hours, two persens for the entire day is obviously not acceptable.
A planned estimate may have reduced a task otherwise consuming two persons, 10
tours each, to a 4-hour task. Real labor savings ase available to assign elsewhere.
Planning has introduced an clement of accountability. This is not to say that the crew
supervisors were intentionally mismanaging their resources, but planning provides a
helpful tool to counteract the natural tendencies. L

On the other hand, remember that only a single job has been completed. Even with
individual jobs having time and personnel estimates, the proper application of planning
provides an allocation of work for a period for the entire crew. This establishes crew
accountability in the form of a check and balance system. The principles of scheduling
implement this reasoning. Thercfore, planning's primary task is not to provide advance
information on parts and tools. The most vital application of planning gives the manager
the necessary tool to manage how much work an entire maintenance crew should
accomplish.

The utility at the end of Chap. 2 had planning without scheduling. Wrench time stud-
ies indicated that planning had freed time from earlier delay areas, but overall produc-
tive time did not increase. This was because the maintenance group did not assign more
work.

Modern maintenance planning considers advance scheduling as an intricate part of
planning. Scheduling is necessary for maintenance improvement. The basics of sched-
uling are centered on giving enough work to the crews to fill up the crews’ forecast of
work hours available.
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ADVANCE SCHEDULING IS AN ALLOCATION

The basics of scheduling involve giving enough work to employees to fill up a forecast
of crew work hours available whether for a day or a week. Advance scheduling is actu-
ally more of an allocation of work and not a detailed schedule of exact personnel and
time assignments (see Fig. 3.3).

Advance scheduling enough work for an entire week sets goals for maximum uti-
lization of available craft hours. It helps ensure assignment of a sufficient amount of
work. Advance scheduling also helps ensure that sufficient proactive work to prevent
breakdowns is assigned along with reactive work. It also allows more time to coordinate
resources such as intercraft notification and staging of parts. There is also more time to
coordinate doing all the work on a system once the operations group clears the system
for maintenance.

The planning department can make the advance schedule. Creating the advance
schedule in the planning department involves the serious responsibility of selecting the
optimum mix of work for the best interest of both the short- and long-term operation of
Lhe.plam. The scheduler might consult with an operations coordinator to achieve this
optimum mix. The craft crews have the responsibility to execute and complete the
selected work. This arrangement changes the perceived status quo of the decision pre-
viously made by the maintenance crew supervisor about what work maintenance should
be performed. Now the scheduler decides what work maintenance should be performed,
and the crew supervisor is responsible only for performing it. The crew supervisors see
this check and balance system as an unnecessary loss of their control. However, the
plant priority system that sets priorities for individual work orders remains the primary
driver regarding the order in which crews begin different jobs. The schedule has merely
provided the supervisors a service by reviewing the entire plant backlog of work and
selecting enough work orders for the crews for the coming week. The supervisor no
longer has to pick through an entire plant backlog each time to select individual work
orders. The supervisor now has a small week's worth of backlog from which to choose,

) Tl:le vision of planning is simply to increase labor productivity. The mission of plan-
ning is to prepare the jobs to increase labor productivity. The mission of scheduling is to
allocate the jobs necessary for completion. Scheduling forms an integral part of planning.

4+Advance Schedule - Why?

4+Sets Goals

4+Ensures a Sufficient Amount of Work
4+Staging

4+Intercraft Coordination

4+Ensures Sufficient Proactive Work

FIGURE 1.3 Reasons why advance scheduling helps.
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Just as outages benefit from having set schedules, routine maintenance bcneﬁt§ as well.
The following principles provide a framework to accomplish effective scheduling.

PRINCIPLE 1: PLAN FOR LOWEST REQUIRED
SKILL LEVEL

Scheduling Principle 1 (Fig. 3.4) states

Job plans providing number of persons required, lowest required crafi skill level, c._raﬁ
work hours per skill level, and job duration information are necessary for advance scheduling.

Maintenance cannot schedule work without some idea gf the nu{nbc_r of persons and
time frames required. Maintenance job plans provide this information in a mannet that
allows the efficient scheduling of work. ) ) _

Maintenance job plans first tell what craft specialties are required. Does a parEnqu]nr
job require a welder, a painter, of both? Does the job require mechanics or machinists?
Does the job require two mechanics or just one? Does th'c job require three helpers to
assist a certified electrician? How many persons are requlre_d? ) [

Consider a job that required a certified welder, but the J.ob‘plan did l_lot.speclfy the
number of persons or craft at all. The supervisor wgul_d be limited to assigning persons
based solely on an interpretation of the job description. The supervisor might err in
sending two mechanics to perform the work. In this case, bqth mechanics would In_ter
return o the supervisor explaining their need for welding assistance. Similarly, l‘f a pr
requires a highly skilled, certified welder, the job plan cannot specltfy a mec‘hamc with

light structural welding abilities. The supervisor needs the information to assigh enough
ing expertise to the work order. =

WCISL %he (l:lhcr hand. the essential part of Principle 1 is that job plans }dentnfy the low-

est skill necessary to complete the work, By identifying the_ Io_wn‘:st skill necessary, the

crew supervisor has even more capability when assigning individuals to execute each

4+Scheduling Principle 1 .

Plans with Lowest
Required Skill Level

4Identify Skills
44 Persons, # Work Hours, Duration

FIGURE 3.4 Scheduling requires job plan information,

SCHEDULING PRINCIPLES 3.7

job plan. For example, the job plan should specify one mechanic and one helper if a job
requires two persons, but only one needs to be a skilled mechanic. The job plan should
not specify two mechanics in this case. The correct specification allows the supervisor
who has only a single mechanic o assign the work, presuming the supervisor has other
personnel that could be helpers. If the plan incorrectly required two mechanics, the
supervisor could not assign the work. Consider a job that requires only light structural
welding. The plan should not specify a highly skilled, cenified welder. Specifying too
high of a skill would severely restrict the supervisor who may see a backlog of mostly
cetiified welding jobs but who may have only one certified welder. The supervisor may
have several mechanics that were trained to do light welding. Job plans must specify the
lowest qualified skill level to give the supervisors the most fiexibility.

Another consideration is if a job could be done equally well with different combina-
tions of persons and hours. Perhaps one person could do the job in 10 hours where two
persons would require only 5 hours each. How should the planner plan the job? In these
circumstances, the planner does not need 1o go to great lengths to determine the absolute
optimum strategy. The planner’s feel for the crew supervisor's preferences usually
guides these decisions. The supervisor may normally work technicians in pairs or as
individuals. However, the planner should not plan the job example just discussed for
two persons with 10 hours each.

Job plans also specify the work hours for each craft skill and the total job duration
hours. Work hours are not the same thing as job duration hours. Work hours normally dif-
fer from job duration hours for a job. Work hours are the individual labor hours required
by each technician. Job duration is the straight calendar time the technicians work on the
equipment. Each is necessary for scheduling. Consider a job requiring one mechanic and
one helper for 5 hours each to rebuild a pump, The job duration is 5 hours, but the work
hours total 10 hours. If the job plan called for an additional 5 hours afterward for painting
the equipment, the work hours would total 15. There would be 5 hours each for the
mechanic, the helper, and the painter. The job duration would be 10 hours since the painter
would have to work after the pump was rebuilt.

The schedulers and crew supervisors need to know how many persons each work
order requires and for how many hours each. The job plan specification of persons, craft
skills, and labor hours gives this information, The schedulers and crew supervisors also
need 10 know when to send or expect back the appropriate persons on each job. The job
plan specification of job duration gives this information.

The operations group also needs to know the duration that equipment will be
unavailable for production. The additional time necessary for the operations group lo
clear up or prepare a piece of equipment for maintenance activities or restore it to ser-
vice are not included in the time estimates for individual jobs. The estimates are pri-
marily for the use of the maintenance group to schedule mainienance resources. The
operations group does their own allocation and arrangement of personnel. Advance
coordination keeps technicians from sitting around waiting for the operations group to
ready equipment.

For oulages, the overall outage schedule addresses where the operations group
requires time to prepare and restore equipment, but the estimates for individual job plans
do not include this information.

Planness should avoid two common traps when estimating the job requirements on
plans. One is always assigning two persons. The other trap is setting the time by using
half or whole increments of a shift. First, some situations do require two persons for
safety reasons or to handle certain job peculiarities. Even work not inherently danger-
ous might justify needing two persons if located in the midst of an industrial setting
away from other personnel. Two persons may also save the overall job time. For exam-
Ple, two technicians might be able 1o qo a certain job spending 2 hours each, whereas a
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single technician would take 10 hours. However, planners err when they always pre-
sume two technicians must work together. Hanging an office bulletin board or repack-
ing certain valves might be jobs for which one persen should be planned. Consider also
having single technicians carry a communication radio for job safety in some cases.
Second, planners make a mistake if they always round off work hours to shift incre-
ments. For example, one might see most jobs requiring either 4 or 8 hours for crews that
happen to work 8-hour shifts. Likewise, one might see most jobs requiring either 5 or
10 hours for crews that happen to work 10-hour shifts. This practice damages the sched-
uling effort. Many jobs require only a couple of hours and many jobs do not require an
entire shift to complete, Consider a 2-hour job and a 6-hour job. Both of these jobs
could be completed in a single 8-hour day. However, maintenance would incorrectly
assign them if one job had been planned for 4 hours and the other for 8. In correct actual
practice, planners plan jobs for their true expected time requirements. Then scheduling
is able to fit jobs together to improve overall productivity.

Planners also frequently need to address other situations peculiar to specific jobs.
These are not usually too difficult to handle. Perhaps insulation has to be removed and
replaced. Perhaps the operations group could restore the pump to service before paint-
ing if painting could be done on-line. The important point to note is that both job dura-
tion and work hour estimates are necessary for scheduling work. The job plans provide
this information.

One question that companies ask is whether plans or schedules consider a high or
low wrench time. Usually, job plans and schedules account for technicians having a high
wrench time. Job plans do this because the plan time estimates do not allow for unen-
ticipated delays. Moreover, the job plan attempts to avoid or minimize anticipated job
delays that the planner feels could occur during individual jobs, Similarly, the weekly
schedule attempts to minimize delays that could occur between individual jobs such as
excessive idle time, break time, or assignment time. The weekly schedule does this by
providing enough work that is ready to go so that crews do not have 1o waste time
receiving new assignments. Because these planning and scheduling efforts aim to
reduce delays, they also aim for relatively high wrench time. Remember that high
wrench time consists of having technicians on jobs doing productive work rather than

being in delay situations.

Mustrations o

The following illustrations demonstrate this principle of scheduling. The first section
shows problems occurting as a resuit of not following the principle. The second section
shows success through application of the principle.

Not This Way. Paul planned five jobs during the morning before break. Each job
required two technicians. The first job required replacing a high pressure steam valve
and needed two certified welders for 10 hours each, an entire day. The second also
required two certified welders to construct a work bench for the maintenance shop. Paul
planned it to take 5 hours for each. The third job was a simple request to move sev
barrels of waste oil. He planned this job to take two mechanics with a forklift and bar-
rel attachment only 2 hours. The fousth job required replacing a check valve. This was
planned to take two certified welders 5 hours. The fifth job required working on & leak-
ing critical control valve. Paul planned this job to require two mechanics an entire day-
Before taking his break, Paul figured that he had already planned 64 labor hours’ worth
of work for the crew.
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Later the crew supervisor began 1o assign work orders to various members of the
CrEW. J?mes had two certified welders, three mechanics, an electrician, and three
mechanical zllppremices. In addition to the other jobs available to work for ll;e next day
the back.log included the five jobs Paul had planned. There was a significant quantity of
meqhnmc work and, as usual, more work requiring certified welders than the crew had
available. Frequently, James had to second-guess the planner and use the apprentice
mechanics for some of the mechanic work. P

This Way. Paul planned five jobs during the morning before brea 0 j
required two technicians. The first job required replac%ng a high prt;?:res;:erzl:;‘evjzl?\t::
fmd needed one certified welder and a helper for 6 hours. The second also required weld-
ing Lo construct a work bench for the maintenance shop. Since mechanics could handle
llg.hl §tructural welding, Paul planned it to take one mechanic and a helper 4 hours. The
third job was a simple request to move several barrels of waste oil. He planned lhi.s job
1o take one helper alone with a forklift and barrel attachment only 2 hours. The fourth
job required replacing a high pressure check valve. This was planned to take a certified
welder and a helper 3 hours. The fifth job required working on a leaking critical control
yalve', Paul planned this job to require one mechanic and a helper 8 hours. Before tak-
;'E% ttll':: ::::I‘c. Paul figured that he had already pianned 44 labor hours’ worth of work
Later the crew supervisor began to assign work orders to various mem
James l?ad two certified welders, three mechanics, an electrician, and tﬁ‘:;f: ?liégf\:r:fc\:I
apprentices. In addition to the other jobs available to work for the next day, the backlo
included th_e five prs Paul had planned. James usually had confidence in the p'lanner‘s es.ti"E
tmate of _sklll required and knew when apprentices could be sent on jobs as helpers. James
first assigned the certified welder and an apprentice to replace both the high pressure steam
valve and the check valve in 1 day. James assigned a mechanic and an apprentice to the
light structural welding for the work bench to help maintain the mechanic’s welding skills
Afle{lasmgnmg all the ‘other work, there simply was no electrical work. Although not.
;l::kini cclc;:fl:; (;Ila‘r;?i :eaded to use the electrician as the helper to a mechanic on the critical
‘As one can see, the planning function gives the crew supervisor or sc

§k|ll and_lime requirements for scheduling work. A job plz?n tells {mw n:l::; I;;r:l:::lgr;lz
job requires and the minimum skill level. By not unduly restricting the skill require-

ments, the planner increases the maintenance crew’ ibili ing di
w's flexibility for us -
sons for the work. ! ing different per

PRINCIPLE 2: SCHEDULES AND JOB PR
ARE IMPORTANT RS

Scheduling Principle 2 (Fig. 3.5) states

m“s';’v’;ek[{ and daily schedules must be adhered 10 as closely as possible. Proper priorities
e pluced on new work orders to prevent undue interrupiion of these schedules.

The originator of a work order first pi i iori
: ork ¢ picks an appropriate priority for the work based
::r:izmlbhsmd plant guidelines for setting work order priorilies).' Depending on l;e
ular plant, the priority may then be reviewed and adjusied by the originator's

L ]
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4Scheduling Principle 2

Schedules Are Important

Job Priorities Are Important

FIGURE 3.5 Two esscntials that management cannot overlook.

supervisor, an operations coordinator, planners that code work orders, and at a daily
meeting of plant managers or supervisors. The resulting priority should reflect not
only the work’s level of importance for achieving the plant’s objectives but its impor-
tance relative to other backlogged work. Therefore, the plant priority system should
play a large role in creating the schedule of the work the mainienance group will
assign and complete. Management must treat the proper use of the priority system as
a serious matter. The plant must expect maintenance crews to work on the jobs that
the priority system through the schedule dictated. Management must treat working on
scheduled work as a serious matter.

It might seem unnecessary 0 mention that schedules and job priorities are important,
but they cannot be overiooked nor presumed. This is a common area of failure in mainte-
pance management. Advance scheduling enough work for an entire week sets goals for
maximum utilization of available craft hours. It helps ensure that a sufficient amount of
work is assigned. Together with the priority system, it also helps ensure that the right work
is assigned.

A significant source of inefficiency in the maintenance group is the interruption
of low priority jobs when more urgent jobs arise. 1f a true emergency arises, it is
always appropriate to delay another job. However, the maintenance group should
recognize that interruptions on any particular job add extra time pulting away tools,
securing the job site, and later refamiliarizing oneself with the job. An urgent job that
is not an emergency should be worked as the nexi job rather than interrupt any job-
in-progress. A nonurgent job should wait until the next day or week altogether so that
the job can be scheduled into the overall priority of importance for the plant. Later,
parts and tools might be staged to make executing the job more productive at 8 more
appropriate time.

Jobs with priorities falsely set too high improperly interrupt work or cause work to
begin without proper preparation. The end result is that the maintenance group com:
pletes less work overall. Then a vicious cycle begins. Higher priority work must inter-

rupt lower priority work because there is not enough productivity to complete all the
work plus the interruptions, Quite possibly, the maintenance group could complete all

the work with more organizational discipline in setting initial job priotities. This would
lower the incidence of job interruptions and lowered productivity. Management com-
mitment js important in this area. Conscientious management attention to enforcing
adherence to the priority system helps maintenance.

If everyone assigned a high priority to their work just to ensure its completion, then
improperly prioritized jobs would also make it hard to recognize true instances of when
schedules or work should be interrupted. They might delay starting true high prionty
jobs even if they did not interrupt them.

SCHEDULING PRINCIPLES an

‘ In addition, inadequate confidence that crews will execute scheduled jobs hurts the stag-
ing program. Staging, as discussed in Chap. 6, helps increase crew productivity by having
a job's planned parts and tools ready to go. They are already withdrawn from inventory or
storage and re_ndy for the technician to utilize. Planning stages the material before the antic-
ipated execution of the job begins. Technicians avoid delay areas that they might otherwise
encounter i they had to gather the parts themselves. Inadequate confidence that crews will
execute sched.uled jobs may discourage planners from staging paris. On the other hand, if
plnnmng.connnued to stage parts, the staging area might become overflowing with slagjed
parts for jobs that did not start. In this case, the storeroom might run into stockouts for other
jobs that maintenance chose instead to start. The stockouts might occur because of parts
thai were withdrawn for staging. These circumstances significantly diminish the great
potential for staged parts to expedite jobs.

llustrations

The following ill_ustrations demonstrate this principle of scheduling. The first section shows
problems occurTing as a result of not following the principle. The second section shows suc-
cess through application of the principle.

Not This Way. Mike finished his operator rounds and wrote work orders for problems he
had noticed. Although most were not yet serious, Mike wanted 10 make sure mainlenz;ncc
completed them. Therefore he set a priority of 1 on the most important ones and 2 on the rest

Nea_rly all the jobs in the maintenance backlog had been prioritized as 1's or 2's. Théy.
were e!ther urgent or serious. This made it difficult for the crew supervisor to select
which jobs maintenance should work the next day. Abby selected all twelve priority-1
jobs and three priority-2 jobs 1o assign.

‘Ncnr the begim_lirltg of the next day, the plant manager asked that Abby immediately
assign a few technicians to correct a dripping flange on the installed backup feed pump.
Abby mterrup_led two technicians on one of the priority-2 jobs. These technicians first
hastily put l!"lell' ongoing job in a state where they could leave it. Then with the operations
group clearing the pump and themselves having to find suitable gasket material, they
worked the rest of the day to replace the flange gasket and correct the leak. ‘

This Way.  Mike finished his operator rounds and wrote work orders for the problems
he had noticed. Most were not yet setious and Mike set a priority of 3 or 4 on them HO:'.
set a priority of 2 on a couple of sertous ones. .

Mike’s supervisor afterwards had Mike change the priority of both of the serious work
orders. They changed one to priority | (urgent) and the other to priority 3 (routine production)

The backlog had work orders with a variety of priorties. Priorities ranged from 1-
(urgent) to 4.(roulme nonproduction). This made it fairly easy for the crew supervisor to
select wl'uf:h jobs maintenance should work the next day. Abby selected all five priority-|
Jobs and eight pl‘-ior:ity-Z jobs to assign. She also assigned two priority-3 jobs.
Abtl:ltzar the beginning of the next day, the plant manager wrote a priority-2 work order for
nhca)(; T cre;w to correct a dripping flange on the installed backup feed pump. Planning went
s s?n plan and stage the gasket material. Abby included the flange job with the assign-
) wc \\lr(ns making for the next day. She was also able to assign most of the backlog pri-
s ork orders as well. AI:!by requested the operations group to clear the pump in time

T her crew to begin work on it the next morning.
The next moming two of the assigned technicians picked up the staged gasket mate-

rial and began the fl it withi
began anotﬁerjolf. . order-‘They completod it Withy & copplecr hours und
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Maintenance should avoid interrupting scheduled jobs or jobs-in-progress.
Maintenance should also place great importance on the plant following the plant priority
system.

PRINCIPLE 3: SCHEDULE FROM FORECAST
OF HIGHEST SKILLS AVAILABLE

Scheduling Principle 3 (Fig. 3.6) states

A scheduler develops e one week schedule for each crew based on a craft hours avail-
able forecast that shows highest skill levels available, job priorities, and information from
job plans. Consideration is also made of multiple jobs on the same equipment or system and
of proactive versus reactive work available.

The first two principles set the presequisites of scheduling. These next three princi-
ples introduce the concepts of the foundations of the advance scheduling process.

Principle 3 establishes a 1-week period as the advance schedule of allocation of work
time frame. It also presumes that a person apart from the crew supervisor will be the
scheduler, The scheduler selects the week’s worth of work from the overall plant back-
log. The scheduler uses a forecast of the maximum capabilities of the crew for the com-
ing week. The scheduler also uses priority and job plan information. The sc':hcdulmg
process also looks at performing all the work available for a system once maintenance
begins work on that system. This includes proactive work.

+Scheduling Principle 3

Schedule from Forecast of
Highest Skills Available

4One Week

4 Consider Multiple Jobs on
Same System

4#Consider Proactive Work

FIGURE 3.6 The basics of the advance schedule.
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First, the advance schedule selects a 1-week period for making an advance allocation
of the work. Advance allocation means the schedule will select all the work that the
crew should be able to finish in a single week. The schedule selects the work from the
overall plant backlog. The scheduler does not assign the work erders to individual crew
members. The scheduler also does not set specific hours or even certain days on which
the work on each work order should start or end. The scheduler merely specifies a block
of work as a list or package of work orders. Advance scheduling is an allocation of work
for maintenance and not a detailed schedule of exact personnel and time slots.

A 1-week period strikes a balance between creating set goals and allowing for grad-
vally changing plant needs. On one hand, a 1-week period is long enough to allow estab-
lishing a set block of work for a crew goal. This set black of work also allows planners
enough time to stage parts for scheduted work. On the other hand, the plant is constantly
writing new plant work orders. The new work orders gradually change the relative
importance of all the work in the plant backlog. A 1-week periad is short enough for the
schedule normally not to need significant alteration due to this new work identification.
This may be less true in a plant with more than a moderale amount of reactive work.
These plants may normally experience a significant deviation from the set schedule. The
1-week schedule also covers a short enough time period to allow supervisors enough
certainty in knowing which of their individual crew members will be available for work.

In addition, a curious phenomencn appears regarding the accuracy of job estimates
for individual work orders. Experience has shown that job estimates for individual work
orders may be off plus or minus as much as 100%. That means that on average, a job
planned for 5 labor hours has as much chance of being accomplished in 1 or 2 hours as
it might in 10 hours. This is especially true of the smaller work orders that make up the
bulk of many maintenance operations. Does this mean that planner estimates are worth-
less? No, on the contrary, the planner estimates are very accurate overall as the work
horizon widens out to as much as a week. Over a week’s worth of crew labor, the over-
all estimate planned hours becomes extremely accurate, only off as much as 5% or less.
That means that practically as many jobs run over as under due to the myriad of special
circumstances surrounding individual work orders assigned to individual technicians on
individual days. This confirms that a week is the appropriate allotted time period for
advance scheduling. Remember that the objective of scheduling is not to produce accu-
rate time estimates. It is to accomplish more work by reducing delays.

The scheduler publishes this schedule to give to maintenance crews, the operations
group, and management. The crews receive the schedule as allocations of goals for the
coming week. Supervisors of different maintenance crafts receive the schedules to have
an'idea of upcoming coordination needs, The operations group receives the schedules to
have an idea of what equipment will eventually need clearing. The operations group
may also be able to give the maintenance group timely advice of mainienance redirec-
tion needed. The operations group as well as management reccives the schedule as an
indication that maintenance is making progress on work orders. Many times, areas apart
from the maintenance group see it as a “black hole™ into which work orders enter, but
never emerge. Tangible proof of work order schedules increases cooperation from the
operations group.

Second, having a person separate from the crew supervisor allows a system of checks
and balances. A person separate from the crew determines how much work the crew
should be able to accomplish. The question is not necessarily: Which work orders should
be done? The plant priority system drives that. The question is: How many work orders
should the crew complete? The scheduler is best included as part of the planning depart-
ment because this person uses planning as well as crew information. Many times it is
appropriate for a supervisor of a planning group to perform the duties of scheduler. This
allows the planning supervisor routinely to review job plans.
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Third, the scheduler receives a labor forecast for each crew supervisor. This forecast
tells how many labor hours each crew has for the next week. The scheduler needs this
information. The scheduler intends to allocate hours of planned backlog on the basis of
the labor hours available for each crew. The crew supervisors are in the best position to
forecast the available labor hours on their crews. The crew supervisor may tell the
scheduler that the crew will have 1000 labor hours for the next week. The scheduler then
has o basis for knowing how many hours of planned work to allocate.

Fourth, the crew supervisor must make the labor hour forecast in terms of the high-
est skills available. By identifying the highest skills available, the scheduler has more
latitude when actually determining which job plans could be executed the next week.
Highest skills available means that if & crew has two certified machinists and seven
mechanics available for the next week, the supervisor would not just forecast that the
crew has nine persons or nine mechanics. The latter forecast would reduce the flexibil-
ity of the scheduler who would not be able to assign any complex machining jobs. The
scheduler has mere flexibility when knowing that there are two certified machinists.
The scheduler can then assign complex machining jobs. The scheduler might also
decide to assign routine mechanic jobs to the machinists. There is more freedom in what
jobs can be assigned.

Fifth, the scheduler will use information from the individual job plans and a feel for
the overali priority of plant systems. The scheduler looks at the priorities of the back-
Jogged work to help select jobs. The scheduler looks at the labor hours planned to select
enough jobs. Chapter 6 will discuss the actual steps the scheduler follows in this process.

Sixth, the scheduler also considers plant equipment and systems when selecting
work. When selecting work for an entire week, the scheduler is able to group work
orders for the same equipment. The scheduler may override some individual work order
priorities to accomplish this. For example, a priority-2 and priority-3 work order may be
both assigned because they are on the same piece of equipment. This might be preferred
over assigning two priority-2 work orders on two separate pieces of equipment.
Schedulers can also exercise flexibility by initiating certain PM work orders early to
take advantage of equipment downtime for other work. This allows improved overall
efficiency because the operations group can clear the equipment a single time and the
maintenance crew can work on a number of jobs together.

Finally, it is easier for the scheduler to include preventive maintenance or other work
to head off failures on a weekly basis. On a daily basis, there is often sufficient justifi-
cation to put off these seemingly lower priority work orders. On the other hgnd, when
combining a week’s worth of work, it becomes clear that PM cannot be delayed. The

weekly schedule includes this type of work to encourage the supervisor not to put it off
forever, 1 day at a time.

lllustrations

The following illustrations demonstrate this principle of scheduling. The first section
shows problems occurring as a result of not following the principle. The second section
shows success through application of the principle.

Not This Way. As maintenance manager, George felt that maintenance could increase
its productivity. Lately, he had seen more and more technicians heading home carly.
This was a problem since reliability seemed to be slipping at the plant. He knew that
there was a considerable backlog of work, but the supervisors had assured him that they
were assigning as much work as the technicians could handle. George was also con=
cerned that supervisors had a habit of putting off PM work orders.
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George felt that advance scheduling of some sort was the answer, but the last attempt
had been disastrous. Planning had first scheduled hour by hour what work maintenance
should accomplish for an entire week. However, by the end of the very first day, the sched-
ule was in shambles. Half of the scheduled jobs could not start at their target times because
other jobs had run over their expected completion times. By the middle of the second day,
the actual work-in-progress bore no resemblance whatsoever to what the advance schedule
had predicted. At this point, the plant had abandoned the concept and gone back to assign-
ing work 1 day at a time. George felt that now was the time to implement a gate carding
procedure to make sure employees worked their entire shifts.

This Way. As maintenance manager, George felt that maintenance was increasing its
productivity. Reliability seemed to be gaining at the plant. He knew that there was a
manageable backlog of work and the scheduling process was helping the supervisors to
assign as much work as the technicians could handle. George was also pleased that
supervisors were not putting off PM work orders.

George felt that advance scheduling had been a great success. Planning had first
developed a list of all the work orders that maintenance should accomplish for an entire
week. The amount of work was determined by the labor hours that the crews would have
for the week. At the end of the week, George discussed with each supervisor the results
of what had actually been accomplished. Although no crew had completed all the allo-
cated work, most crews had finished more work than they had thought possible. By the
end of the second month, crews had a firm idea of the amount of work they were respon-
sible for and were becoming more productive. As a resull, mainienance crews were exe-
cuting more work and the plant was increasing its reliability.

The proper period for an advance schedule is normally a single week. This time
frame zllows setting a goal that can stay relatively fixed as the plant continues to iden-
tify more work. The week's worth of work is not an hour-by-hour schedule of work
orders, but a bulk allocation. The crew labor forecast is an important part of the sched-
uling process. Not only should the supervisors forecast how many labor hours are avail-
able, but how many in each specialty.

The following principle discusses two concepts relating how the scheduler compares
the labor hours available with the planned hours in the backlog.

PRINCIPLE 4: SCHEDULE FOR EVERY WORK
HOUR AVAILABLE

Scheduling Principle 4 (Fig. 3.7) states

The one week schedule assigns work for every available work hour. The schedule allows
for emergencies and high prierity, reactive jobs by scheduling a sufficient amount of work
hours on easily interrupted tasks. Preference is given to completing higher priority work by
under-utilizing available skill levels over completing lower priority work.

_Prjnci[:lc 4 brings the previous scheduling principles together. The first part of this
pnn}:IpIe is that the scheduler assigns work plans for the crew to execute during the fol-
lowing week for 100% of the forecasted hours. This means that if a crew had 1000 labor
hours available, the scheduler would give the crew 1000 hours worth of work to do.

Overassigning and underassigning work are also common in industry. However,
€ach causes unique problems that cquld be avoided.
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4Scheduling Principle 4

Schedule for Every
Work Hour Available

4100%, not 120%, not 80%
4 Work Persons Down

FIGURE 3.7 How planned hours and forecasted hours become scheduled hours.

For example, consider the case of assigning work for 120% of a crew's forecasted work

hours. This would mean that the crew that had 1000 labor hours would receive 1200 hours
of assigned work. This strategy may seem (0 be a way 1o provide enough work for the crew
in case operators could not finish some of the jobs. It would also seem to be a way to
encourage the crew to stay busy. This is because it sets a more ambitious goal for work
completion, This strategy also creates several problems. It becomes difficult to gauge the
performance of the crew. Maintenance management has a more difficult time comparing
what the crew did accomplish to what it should have been able to do. This is because now
there are three factors to compare: what labor the crew had available, what the crew was
assigned, and what the crew actually accomplished. In the 100% case favored by this
book, the first two factors are identical. The 120% method’s three factors makes it more
complicated for management to question a crew’s performance. If a crew did not acconl-
plish all its scheduled work, management would normally want to know why. However,
management might be hesitant to question why a crew only accomplished 1180 hours
worth of work with the 1000 work hours it had available. Nearly any source of confusion
in communication regarding crew performance is not in management's best interest.
Management needs to lessen opportunities for misunderstandings whenever possible. In
addition, maintenance coordination with plant operators and other crafts may be more dif-
ficult with the 120% arrangement. This is because there is less confidence that jobs will
be worked.

Conversely, assigning work for only 80% of forecasted work hours may seefm to pro-
vide a way to handle emergencies of other high priority work that may occur. However,
the maintenance force is trying to eliminate emergencies altogether. Planning signifi-
cant resources to handle emergencies that may or may not occur is counterproductive.
It might also encourage work order originators lo claim false emergencies knowing the
availability of the resource. In reality, assigning work hours for 100% of a crew’s fore=
casted work hours nearly always inherently includes some jobs that can be easily inter-
fupted in case emergencies arise. A 100% scheduling strategy cncourages originators 10

understand that for every emergency, other work is delayed. The 80% scheduling stral-
egy also makes it difficult to gauge crew performance. Maintenance management also
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finds it difficult 1o ask a crew to improve if the crew completed all of its assigned work
A self—tl'ulﬁilmg prophecy is possible. Every week that emergencies do not occur the:.
crew might complete less work than possible. If the crew completes less work than iJos-
sible, the v\fork left undene might be work 1o head off emergencies. Consequently the
plant experiences emergencies that justify leaving labor forces unscheduled each week
On_the other hand, the 80% arrangement may be preferred in certain situations wheré
maintenance crews must work within an overall time limit. Perhaps an outage with a
c.nncn.l time constraint might meet this criteria. The 80% arrangement might also be jus-
tified if the maintenance group has a particular credibility problem with the operations
group- The maintenance group could publicize the work that it plans to accomplish and
gw;:icgl.llilu’ :eponrs to l|l‘lht;: (()}%erations group of its success.

rinciple 4 prefers the 100% strategy primanily for accountability and clari -
munication. The 100% rule also keeps the crew busy accomplisl?irng a przlc:tt)irt:zlf ;?)Tl
Maintenance handles any emergencies through interrupting jobs-in-progress. Mainlenancé
management should not plan for regular emergencies in this regard.

The sccor!d part of this principle, “working persons down,” is somewhat more sub-
tle. On a major _construction project requiring 20 welders and 20 helpers, the project
would s:mply h[re 20 welders and 20 helpers. However, in normal main,tenance the
most bcm?ﬁcml jqbs requiring completion rarely match the exact skill composilit;n of
the standing maintenance force. As a simple illustration, see Fig. 3.8. Consider a
planned backlog consist.ing of 100 hours of high priority work requiring only helpers
and lOO.hc.)urs of !ow priority work requiring machinists. If there were only 100 hours
of machinists avalla'lble. then the plant should assign them all to the high priority work
even lhou_gh_ it requires only helpers. The principle has the scheduling process recognize
that machinists can do helper work and allows assignment of persons to higher priority
}vork in l!le plant. Otherwise, think of a not-so-extreme case where there was no machin-
ist work in the backlog and machinists could not “work down.” Would a company have
hlg'h priority helper work sitting in the backlog and machinists sitting in the break room?
Thl(S: is a_grob];m with lt;e automatic scheduling logic of some CMMS systems .

onsider what type of multicraft or work !
B e amitico o thin aret, agreements are necessary to take advantage

See also how the note numbers in Fig. 3.8 illustrate the scheduling princi is-
cuss'cd so far. The b_acklog work is planned by lowest skill level (Princiglcp I ;T?ll'll’llaclsmcql:l;-
!og is ordered by priority or importance of work {Principle 2). The resources to work the
jobs are forecnlsted by the highest skill level available (Principle 3). Principle 4 shows
the éor;ecl assignment of technicians to jobs.

raftpersons typically shouid not mind working outside of their prim ialti
for work that is obviously in the best interest of tﬁe plant. It does bl:acor:;yasgglcllrztlzsf
resentment when th plant abuses the priority system. Consider management assigning
a first cla1ss electrician to be a helper for o mechanic. If it is obvious that the mechani-
ctl work is much less important than backlogged electrical work, there is a problem.

llustrations
The following illustrations demons is princi i

! trate this principle of scheduling, The first section shows
problems occurring as a result of not following the principle. The second section shows suc-

cess through application of the principle.

N h
ot This Way. Fred examined the plant’s backlog of planned work and selected the

- Work for the maintenance crew for the following week. The crew had forecasted 400

h (]
ours® worth of total labor for all thg various craft specialties. Normally Fred only
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"Working Persons Down"

Resource Forecast

Plann@d Backlo

4100 Work Hours @
) of High Priority
Helper Work
4100 Work Hours of
Low Priority
Skilled Machinist
Work

FIGURE 3.8 Doing work most ptofitable for the plant.

100 Hours of
Skilled Machinists
Available

scheduled for 80% of the crew’s forecast 10 allow for emergencies. This meant that
sometimes he was not able to schedule all of preventive maintenance due on the equip-
ment. This week he was able to schedule 60 hours of PM. At one point when allocating
work out of the backlog, it became difficuit to match the jobs needing attention with the
remaining available electrical skills. Therefore, Fred assigned 20 hours of lesser impor-
tant priority-4 work. This work required first class electricians and the first class elec-
tricians had hours available. The resuiting advance schedule was an allocation of 320
hours of planned work for the crew. During the next week, the maintenance crew did not
experience any emergencies and completed all 320 hours of work. .

This Way. Fred examined the plant's backlog of planned work and selected the work
for the maintenance crew for the following week. The crew had forecasted 400 hours’
worth of total labor for all the various craft specialties. Fred was able to schedule about
80 hours' worth of preventive maintenance into the schedule. At one point when allo-
cating work out of the backlog, it became difficult to maich the jobs needing attention
with the remaining available electrical skills. Therefore, Fred put in 20 hours of work
requiring only a third class electrician even though the crew had only first class electri-
cian labor hours still available. The third class work was priority-3 work, whereas all of

the first class electrical work left in the plant backlog was less important priority-4:

work. The resulting advance schedule was an allocation of 400 hours of planned wark
for the crew. During the next week, the maintenance crew did not experience any emer=
gencies and completed 360 hours of the work.

Scheduling Principle 4 dictates that the scheduler should match the advance alloca-
tion of work to the number of hours a crew has available. To accomplish this task, the
advance scheduling process considers working persons out of their strict classifications
or below their level of expertise. This methodology allows the scheduler to select the
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best combination of work orders to achieve plant goals such as reliability and efficiency.
The combination of work orders is one in which the crew does possess the skill required
to accomplish the work.

Principle 4 establishes a methodology in the planning office to assign enough
work. In addition, it is worthy to note what actually happens in the field on a day-to-
day basis. Because many jobs run over or under, the crew supervisor frequently does
not ever have to assign persons outside of their normal crafts. On a day-to-day basis,
the supervisor is usually able to assign work from the weekly allocation by craft.
There are more occasions where technicians may be used as helpers. For example, 2
job planned for one mechanic and a helper may be assigned to two mechanics. The
pext principle describes the basis for the crew supetvisor instead of the scheduler
making the daily work assignments.

PRINCIPLE 5: CREW LEADER HANDLES
CURRENT DAY'S WORK

Scheduling Principle 5 (Fig. 3.9) states

The crew supervisor develops a daily schedule one day in advance using current job
progress, the one week schedule and new high priority, reactive jobs as a guide. The crew
supervisor matches personnel skills and tasks, The crew supervisor handles the current
day's work and problems even to rescheduling the entire crew for emergencies.

4Scheduling Principle 5

Crew Leader Handles
Current Day’s Work
4+Daily Schedule
4Matches Names to Tasks

4 Coordination of Resources &
Clearances

+Emergencies

FIGURE3.9 The crew supervisogis in the best position.
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Once the week has begun, obviously some jobs will run over and some will run under
their planned work hours. Experience shows that although individual jobs show a wide
variance between planned and actual times, over the course of a week there is remarkable
agreement between the sums of the planned and actual times. That is the first reason that
daily scheduling is best done by the crew leader or supervisor who is close to the field
situation of job progress. Equally important is the ability of the crew supervisor to assign
particular jobs to individuals based on their experience or even their need to leam.

Each day the crew supervisor assigns the next day’s work to each technician. If
working 10-hour shifts, each technician would receive assignments totaling 10 hours of
work for the next day. The supervisor intends for each technician to complete 10 hours
of planned work each day. The technicians may be continuing on a single job that spans
several days or working several smaller jobs in a single day.

During the course of the day, the supervisors are out in the field assessing job
progress. If a job runs over the planned hour estimate, the supervisor may have to sched-
vie additional time for the next day. If a job runs under the planned estimate, the super-
visor may have to assign additional work to begin a day earlier than expected.

The supervisor normally assigns new work orders out of the work allocation. The
supervisor is also free to assign urgent jobs that come up during the course of the week.,
Ordinarily, the supervisor has the planning group quickly assess urgent jobs. Then the
supervisor assigns them as soon as qualified technicians complete current jobs in
progress. Because emergency jobs are begun immediately, the supervisor handles them
by interrupting jobs in progress. Emergency jobs do not receive planning attention.
They are handled entirely as jobs in progress from a planning standpoint.

Because jobs may finish earlier or later than expected, it is not practical to schedule
work order assignments more than a day in advance. Because the crew supervisors Keep
abreast of individual job progress, they are in the best position to create the daily sched-
ule. The crew supervisor creates the daily schedules and works the crew toward the goal
of completing all the work allocated in the advance schedule.

The second reason the crew supervisors need to make the daily schedule is they
understand the specific abilities of their various rechnicians. There also might be vari-
ous personalities making a crew supervisor favor pairing certain technicians together
and keeping certain others apart. Some technicians might also work better alone on jobs,
while others might work better as a team. A crew supervisor is also best aware of daily
personnel concerns, such as persons that call in sick. =

To meet the goal of the weekly schedule allocation, the supervisor may also have to
challenge some of the technicians. In the past, the supervisor may have allowed certain
technicians to accomplish less work or less challenging work than others. Faced witha
goal amount of work orders to complete, the supervisor may now be more encouraged
10 help technicians rise to the occasion. The supervisor approaches these considerations
carefully. The situation may be a benefit to technicians who have been “frozen” at their
current level of expertise because they only received jobs they could handle.

Because the supervisors create the daily schedule, maintenance also gives them the
responsibility to coordinate other daily activities. These may include requirements for
another craft to assist on a job. The supervisor makes timely requests from the operations
group. Many plants accomplish this type of daily coordination with a brief daily schedule

meeting each afternoon. All the craft supervisors attend with the key operations supervisors.

Hilustrations

The following illustrations demonstrate this principle of scheduling. The first section shows
problems occurring as a result of not following the principle. The second section shows success
through application of the principle.

SCHEDULING PRINCIPLES 3.

Not This Way. The maintenance planning scheduler sat down to make the weekly allo-
cation of work. This was done by developing 1 series of daily schedules for a weck. After
the schedules were complete, the scheduler sent the operations group a list telling which
systems and equipment to have cleared at different times each day for work,

As the crew supervisor visited the various job sites during the day, he had a good idea
of which jobs would finish early or late. This required constant communication with the
operations group, which generally voiced displeasure about the situwation. The opera-
tions group expected maintenance crews to be able to work on the jobs to which the
planning schedule had committed them. Operators generally wasted time clearing sys-
tems when the maintenance group did not have personnel ready. He had done the oper-
ations group a favor, however, when he was able to immediately put two persons on a
fan problem at their request.

The maintenance supervisor did not think that the new scheduling system was any
improvement over the past. In the past, the maintenance supervisor had assigned each
technician one job at a time after he had checked with the operations group regarding
clearances. The operations group could then count on maintenance personnel being
ready to work on the cleared equipment.

This Way. The maintenance planning scheduler sat down to make the weekly allocation
of work. This was done by developing a list of work orders for a week. After the alloca-
tion was complete, the scheduler sent the operations group the list showing which systems
and equipment the mainienance group planned to work on sometime during the week.

As the crew supervisor visited the various job sites during the day, he had a good idea
of which jobs would finish early or late. The crew supervisor knew that in order to com-
plete the weekly allocation of work, he would have to assign each crew member a full 10
hours of planned work for the next day. After muking a preliminary daily schedule, he
attended the daily scheduling meeting. The operations group said it could clear up all the
requested work for the next day. They also said they had earlier written a work order for
a fan problem that probably could not wait until next week. The crew supervisor said that
he would check with planning to see if they had started planning it. Depending on the
craft skills needed, he would probably be able to start it the first thing in the moming. He
hf;d several persons who were ready to start new jobs. After the meeting, he called plan-
ning. They had just planned the job for two mechanics. The crew supervisor called the
operators group, who said they would have the fan cleared for work. He made the neces-
sary changes on his schedule and went to the crew meeting area to post the assignments
for the next day.

The supervisor is in the best position to make the daily schedule. This person has the
latest information on field progress and can judge when operations should clear equip-
ment, This person has the responsibility of working toward the weekly allocation of
work. However, the crew supervisor is still responsible for breaking the weekly sched-
ule when necessary to take care of urgent problems.

PRINCIPLE 6: MEASURE PERFORMANCE WITH
SCHEDULE COMPLIANCE

Scheduling Principle 6 (Fig. 3.10) states

Wrench time is the primary measure of wark force efficiency and of planning and sched-
uling e_ﬂ:’ccriveneu. Work that is planned before assignment reduces unnecessary delays
during jobs and work that is scheduled reduces delays between jobs. Schedule compliance
is the measure of adherence to the one-week schedule and its effectiveness.
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Work sampling or wrench time is considered the best measure of scheduling perfor-
mance. However, maintenance management also tracks schedule compliance.

The bottom line is whether or not planning and scheduling have improved the work
force's efficiency. Planning and scheduling aim to do this by reducing delays that oth-
erwise keep technicians from completing work orders. Planning individual jobs can
reduce delays such as waiting to obtain certain parts, tools, or technician instructions,
However, other than setting an individual job time standard, planning does nothing to
reduce delays between jobs. These delays include such circumstances as technicians not
receiving an assignment after completing their current work. In addition, not having a
sufficient amount of work assigned may encourage technicians to take excessive breaks
or have lengthy mobilization and shut down periods at the beginning and end of each
day. Scheduling aims at reducing these type delays. Work sampling or wrench time
studies quantify both of these type delays. They give the primary measures of planning
and scheduling effectiveness.

Schedule compliance is also an important indicator. John Crossan (i1997) says that
weekly schedule compliance is the ultimate measure of proactivity. When the mainte-
nance force has control over the equipment, the maintenance force decides when to take
certain actions to preserve equipment. When the equipment has control over the work
force, the equipment drives the efforts of maintenance. A more reactive plant environ-
ment has more circumstances of the equipment experiencing problems and causing the
maintenance force to break the weekly schedule. The proactive maintenance force in
control of its equipment experiences few circumstances of a sudden equipment problem
that interrupts scheduled work. Schedule compliance is merely a measure of how well
the crew kept to the scheduled allocation of work for the week. Supervisors who adhere
to the schedule as much as possible ensure accomplishing as much preventive mainte-
nance and other timely corrective work as possible.

Schedule compliance provides a measure of accountability. It guards against crews
working on pet projects or other jobs that are not more important than the allocated

4Scheduling Principle 6
Measure Performance by
Analysis of Schedule Compliance

Case Sched Start Finish Compliance
@® 10 10 9 100% not 90%

@ 1 1 0 100% not0%
G 1000 900 850 90% not 85%

FIGURE 3.10 Muking schedule compliance acceptable to supervisors ond practical to
calculate.
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work. Yet if other more urgent or serious work arises, crew supervisors niust redirect
their crews to handle them. The schedule compliance provides a standard against which
to discuss those actions. A supervisor may explain a low schedule compliance by telling
what other work had to interrupt the schedule. A supervisor may have a low schedule
compliance and no other interrupting work. This might indicate there may be a problem
such as storeroom performance that needs to be identified and resolved. The schedule
compliance scores facilitate discussion and identification of plant problems between
maintenance managers and supervisors.

Similarly, a technician’s performance measured against the planned estimate of a
single job helps facilitate discussion between the supervisor and the technician. The
technician must ignore the planned estimate when the actual dictates of the job demand
otherwise. The technician and supervisor may need to send job feedback to the planning
depastment to prevent certain problem areas from hindering future work.

Schedule compliance is not a weapon to hold against supervisors. Maintenance man-
agement and supervisors want to use schedule compliance as a diagnostic tool.
Therefore, it is expedient to measure schedule compliance in a way to give the crew the
benefit of any doubt. Figure 3.10 illustrates this approach. Consider if a crew is given
10 jobs and the crew starts all 10 but only completes 9. The crew receives a score of
100% schedule compliance rather than 90%. The second case explains this reasoning
where a crew receives only one job, works it all week without interruption, but does not
finish. It is not fair o grade the crew as having 0% schedule compliance. Again, the
crew receives a score of 100% schedule compliance. In actual practice, case 3 shows
how maintenance measures schedule compliznce. Schedule compliance actually tracks
the planned work hours deliverad to the crew for the following week’s work (1000 work
houts). At the end of the next week, the crew returns all work they did not even start
(100 work hours). Maintenance calculates the schedule compliance as 90%, which is
(1000 — 100)/1000 times 100%. Giving the crew credit for jobs only started in the cal-
culation accomplishes two results. First, the measure gives the crew the benefit of any
doubt. This avoids supervisors feeling the calculation gives an unfair poorer-than-actual
view of their performance. Second it makes the score very easy to calculate. Otherwise
consideration would have to be made for the estimated remaining planned hours of jobs-
in-progress. That adjustment would be very subjective and again possibly not seen to the
supervisors’ advantage. Third, one should remember that the objective is to encourage

supervisors to work on scheduled jobs, the objective is not to have a scientifically accu-
rate correlation between an indicator and field performance. The preferred method of
calculating schedule compliance is expedient in all of these three regards. Instead of the
term “schedule compliance,” some companies prefer to call this measure “schedule suc-
cess” to indicate the plants’ attempt to gain control over the equipment rather than over
the supervisors.

That the crew in case 3 may have only actually completed 850 work hours is not
a problem as long as carryover hours the next week are monitored. For example, there
would be a problem if the crew consistently claimed that it had about 200 hours of
carryover work each week when the crew only had 200 available labor hours, Carryover

hours are part of the crew forecast the supervisor mzkes each week to determine avail-
able labor hours.

Earlicr, Scheduling Principle 3 stated that a 1-week period is short enough normally
1ot 1o need significant alteration due to new work identification. This may be less true
in a plant with more than a moderate amount of reactive work. These plants may nor-
mally experience a significant deviation from the set schedule. These plants especially
should continae to schedule and track schedule compliance. This indicator would deter-

;!iltlge jh'hat improvement maintenance has been able to make in overcoming the reactive
ation,

L]
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Hlustrations

The following illustrations demonstrate this principle of scheduling. The first section shows
problems occuring as a result of not following the principle. The second section shows suc-
cess through application of the principle. Chapter 10, Control, shows an example of the
actual calentation of schedule compliance for a crew.

Not This Way. Three planis considered schedule compliance. It made no sense at
Plant Shelton to track schedule compliance. The plant simply had too many reactive
work orders. However, the crews had become very efficient at taking care of the plant.
It was never a problem for maintenance expeditiously to resolve most circumstances
encountered.

Plant Bains had made a commitment (o track schedule compliance. The plant had
assigned an analyst almost full time to the task. Rather than only give the crews credit
for completed jobs, each week the analyst would also give credit for some of the work
hours for jobs-in-progress. The analyst carefully recorded the actual work hours that
technicians had already spent on jobs not completed and added them to the total of the
planned hours for completed jobs. There was some concern that the calculation was
mixing actual work hours for uncompleted jobs with planned work hours for completed
jobs. One alternative was having the planners give an estimate of the planned hours left
on each partially completed job. Another alternative was having the supervisors give an
estimate of the percentage of each job remaining and proportioning the original planned
hours. The analyst doubted there was adequate time to fine tune the calculations each
week using either allernative.

Plant Calvin used the schedule compliance indicator as a hammer. The most impor-
tant task for any supervisor was (0 finish allocated work. Management used schedule
compliance scores as the major part of each supervisor's periodic evaluation. This
ensured that crews accomplished all the scheduled preventive maintenance and other
work to keep the plant reactive work to a minimum. Supervisors never failed to take
charge of emergencies, but they were understandably reluctant to resolve otherwise
urgent situations before they became emergencies. Management knew that this was the
price to pay for concentrating on proactive work. In the long run, they felt this strategy

would provide the plant with superior reliability.

This Way. Three plants considered schedule compliance. It made sens€ at Plant
Shelton to track schedule compliance. Plant Sheldon called it “schedule success.” The
plant had many reactive work orders. The crews had become very efficient at taking care
of the plant. It was never a problem for maintenance to resolve most circumstances
encountered expeditiously. On the other hand, the maintenance Crews scored fairly low
on schedule success each week. The schedule success indicator gave maintenance man-
agement one of its few tools to assess the plant’s situation. Management knew that
somehow they needed to reduce the amount of reactive work at the plant. As manage-
ment implemented various solutions, they examined the schedule success scores L0 5¢¢
if there was any improvement.

Plant Bains had made a commitment to track schedule success. At the end of each
week, the planning supervisor gathered back ali the work orders that the crews had not
been able to start. Then the planning supervisor would sum the planned hours on the
work orders separately for each crew. Subtracting these sums from the amount 0
planned hours the crews had originally been allocated allowed a simple measure
of schedule success. This procedure consumed about 2 hours of the supervisor's tme
near the end of each week, primarily for gathering back the work orders that the super-
visors knew that they would not be able to begin. The supervisor reflected that the wo!
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orders not started would have to be gathered each week in any case because the sched-
uler needed them to add back to the plant backlog. The scheduler would then begin the
process of allocating work for the coming week.

_ Plant Calvin used the schedule success measure as an important indicator. It was
important for any supervisor to concentrate on allocated work. Management used sched-
ule success scores as one part of each supervisor’s periodic evaluation. This ensured that
crews understood the importance of accomplishing scheduled preventive maintenance
and other work to keep the plant reactive work to a minimum. Supervisors never failed
to take charge of emergencies and were also quick to resolve otherwise urgent situations
bcfpre they became emergencies. Management ensured that supervisors understood
their role to keep the plant out of trouble. In the long run, management felt this strategy
would provide the plant with superior reliability.

As one can see, the plant’s objective is not to have a high schedule compliance. The
plal:lt_‘s objective is to have a reliable plant. A low schedule compliance indicates oppor-
tunities for management o address other problems in the plant to increase the plant reli-
ability. The schedule compliance score facilitates discussion and investigation of
problems. When supervisors are appropriately following the advance schedule and
reacting to urgent plant developments, the schedule compliance score indicates the
degree to which the plant is in a reactive or proactive mode. A plant cannot bring itself
out of a renc!ive mode by insistence on blind obedience to the advance schedule. If it
did, the consistent neglect of urgent developments might put the company out of busi-
ness. Once it occurs, reactive maintenance needs cannot be ignored.

Summary

Maintenance annning will not increase labor productivity if it only concentrates on
planning mdmdu::ll work orders. Making it asier to accomplish individual work orders
does not ne‘cessanly mean that supervisors will assign more work. A number of sysiem
proplcms discourage crew supervisors from assigning more work orders for completion.
Maintenance management must consider scheduting in the maintenance planning strat-
egy to avoid these problems.
| Six basic principies form the foundation of successful scheduling. These are using
job plans providing time estimates, making schedules and priority systems important
having a scheduler develop a 1-week advance schedule, assigning work for all avnilublé
labor I}ours, allowing crew supervisors to make daily schedules, and tracking schedule
cumphal}ce. When setting craft and time requirements, job plans must plan for the low-
est rcquu'e_d _sklll level. This increases later flexibility in choosing jobs. Adhering to
scglcdules is important because interrupting jobs leads to overall inefficiency. The pri-
ority system must properly identify the right jobs to start. A separate scheduler from the
crew pmv[dcs acheck and balance. A 1-week period strikes a balance between a set goal
?nd changing plant needs. In addition, a 1-week period is long enough to smooth out dif-
I:rences l_)etween.planned_ estimates and actual times on single jobs. Knowing of the
dcwest s}ulls required for jobs and the highest skills available in the fabor pool allows
developing a schtledu.le with the proper work for the week. The uncertainty of actual job
gemngSS_ and the incidence of unexpected reactive work place the crew supervisor in the
St position to create the daily crew work schedule. Finally, schedule compliance joins
Wrﬂ;:ih time as an important indicator of maintenance performance.
s ag‘mpl;:h I and 2 are prerequisilcs.fm: scheduling. Principles 3 through 5 establish
e conlti(:)l e scheduling process. Principle 6 sets the overall indicators for schedul-
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So utilizing planned and scheduled work packages increases the maintenance depart-
ment’s ability to complete work orders effectively, efficiently, and safely. Will the plan-
ning effort work with maintenance planning based on the six planning principles and the
six scheduling principles?

Here is what the utility discussed at the end of Chap. 2 discovered. The utility estab-
lished a weekly allocation of work based on all six scheduling principles. The plant
management and crew supervisors quickly became extremely frustrated. The frustration
was not due to supervisors having a set goal of work. Management and supervisors both
accepted the responsibility of the crew to work toward the allocated goal and also
respond quickly to urgent plant problems. Management and supervisors understood the
balance of both responsibilities. The frustration was caused by the inability of the plan-
ning department to adapt the role of the planners for urgent plant needs.

The planners had recognized the supervisors had to deal differently with urgent,
reactive work. The problem was that the planners did not recognize that the planners
themselves had to deal differently with urgent, reactive work.

The planners insisted on developing significant job plans for reactive work. This
delay kept supervisors in a state of frustration having either to wait on planning or pro-
ceed without any planning. The former case frustrated the planners who had to hurry.
The latter case frustrated the planners whose eventnal job plans were ignored.

Supervisors realized the need of meeting the urgent needs of the plant, but the planners
did not.

Obviously, management needed to consider urgent, reactive work in the planning
and scheduling picture. Planning needed to make some adaptation of its work for reac-
tive jobs. This leads to the next chapter on what makes the difference and makes it all
come successfully together. The next chapter presents the final consideration necessary
for the planning and scheduling strategy to succeed. Planning must not plan reactive
jobs in the same manner as proactive work.

CHAPTER 4

WHAT MAKES THE
DIFFERENCE
AND PULLS IT ALL TOGETHER

This chapter explains the final concepts necessary to make planning work. These con-
cepts make planners do different things for different types of jobs and greatly influence
the overall application of the principles. Lack of appreciating these factors frequently
makes planning programs fail. The programs fail because they try a one-size-fits-all
approach to different types of jobs. Primarily, the programs are not sensitive to the
immediate needs of reactive jobs. This chapter distinguishes between proactive and
reactive maintenance. Likewise, it distinguishes between extensive and minimum main-
tenance. Most importantly, this chapter describes the resulting planning adjustments.
This chapter also discusses communication and management support regarding these
adjustments.

The preceding chapter’s second illustration of Plant Calvin depicted a fundamental
maintenance concept. While the plant should actively engage in activities to prevent prob-
lems, they must be dealt with quickly once they arise.

At Plant Calvin, maintenance crews understood the importance of accomplishing
scheduled preventive maintenance and other work to keep the plant reactive work to a min-
imum. Furthermore, crews also never failed to take charge of emergencies and were quick
to resolve otherwise urgent situations before they became emergencies. Management
ensured that supervisors understood their role to keep the plant out of trouble.

On one hand, maintenance supervisors must change their past philosophy of executing
mostly reactive work. Supervisors must assign more proactive work to head off reactive
work. Advance scheduling helps facilitate this change. On the other hand, planners must
change their past philosophy of planning all jobs as proactive work. Planning must adapt to
an alternative method of planning reactive work. Making several adjustments to the planning
department's process removes the last barrier to having an effective system.

PROACTIVE VERSUS REACTIVE MAINTENANCE

The recognition of the existing maintenance culture helps management change mainte-
nance crews to focus on proactive work. Proactive work heads off problems before they
occur. John E. Day, Ir. (1993) has done excellent waork developing the concept of proactive
maintenance. He points out the standard definitions of maintenance:
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"Success"
Level of Effectiveness

4+>95% Availability
4+>55% Wrench Time
4+>80% Planned Coverage

4+>3 Week Backlog and
Equipment NOT Breaking

4Reactive Work <20% and OT < 3%
4+ Contractor Work Only on Specialty Items

FIGURE 4.7 Typical company mainienance objectives.

r maintaining its own equipment for quality reasons. The use of

tenance force should prefe
t enough in-house work to justify maintaining

contractors is justified where there is no
necessary qualifications or experience.

SUMMARY

After establishing fundamental principles for planning and scheduling, a few final concepts
Planners must plan different types of jobs

become apparent for making planning work.
differently. This is primarily due to the immediate needs of reactive jobs. Planners put less
effort into planning reactive work to accommodate crews that must soon begin work. This
also allows the planners time to plan all the work and concentrate more on imporant

proactive jobs to head off failures. Planners also abbreviate their efforts on small tasks that
intenance jobs.

do not justify much planning effort. These tasks are called minimum ma
These planning adjustments require communication and suppori from management
because of their cifect on the plans that crews receive. Crews that previously received
detailed job plans may now receive less information on individual jobs without appreciating

its value. These concepts make the difference and pull it all together.

CHAPTER 5

BASIC PLANNING

The preyious chapters have described the principles underlying effecti i
schedullmg. This chapter describes exactly whul: a plnnncrydoges in t:::ccgrl:::::ngf 5:1'112
pregcd"l.f chapters. The chapter_follows the entire actual planning process including areas
;u;lma:erofge:;‘planner scopes a job, what a planner writes on a work order form, and how
Mpre magazine articles have described the concepts of maintenance planni
described exact steps a planner might take to fuiﬁllpthose concepts. 'I'hl;s mT; %:h Il:::c:z‘sr:
there are often many different options for exact steps. Nevertheless, many programs with
the right concepts have failed due to difficulty in determining how to execute the concepls
Therefore, this book undertakes the obligation to describe exact steps to clarify the role oi'
a planner to fulﬁ!l the concepts. The following sections describe specific planner actions
‘_Aﬂer understandmg what is necessary to execute the principles of planning, readers ma_v,;
lmp!cment'altcrqauve steps than the ones prescribed, The following sections address some
of. the con5|der{|u0ns involved to allow readers to tailor their own systems appropriately. In
this manner, this c.hnpter covers the question: “Exactly what does a planner do?” I
Before examining the basics of hands-on planning, observe a planner through a normal
!.vorl.( day. T!us company has a correctly established planning organization. Read the follow-
ing llllustratmn and try to recognize the principles and concepts affecting planning. The
section also repeats the illustration identifying the principles and concepis encounlen'ed.

A DAY IN THE LIFE OF A MAINTENA
PLANNER A

Mzintenance Planner Terry Smith came in to work on Wednesda i i

! : ‘ y morning looking for-
;Vna&i; flfoi ;:221;& routine day of helping the maintenance depariment boost its effectivgeness
m.bti.'tc]r chcc!fmg his electronic mail for important bulletins, he went to the “waiting-
“react?v:?mu" file to select work orders to plan for Steam Unit 1. There were not any
s e ;ylfe wgrk otrders, so Terry l'el!ll'm:d to ‘his desk to close work orders aiready
A y maintenance. Terry filed 'mformauon on repairs made, delays encoun-

and parts and tools used for each job. The closing included totaling the cost for

ea i i
- each work order to help guide future repair or replace decisions. On one job it was not

ol
- clear what extra part had been used by the technicians. He made a note to ask them later

 after break so the plans for future jobs could haye the part number available.

Now it was about 9:30 am and the new work orders had come from the supervisors’

| Moming meet; it
ing meeting to the wmnng-lo-b«i-plnnned file. As usual, each work order had pertinent

5.1
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5.2 CHAPTER FIVE

information recorded by the originator. Terry staned with the reactive work orders. Terry
made a copy of each for note taking and placed the originals in the planner active file by
his desk. The first job was obviously a simple welding job and required only minimum
maintenance attention. The other two jobs needed extensive maintenance consideration.

All of the equipment involved in the jobs had component lag numbers identified on the
work orders. Only one piece of equipment did not have a corresponding minifile, so Terry
quickly made a minifile for it. He then entered the work order number and problem descrip-
tion in each minifile. The entry would also later enable any duplicate work orders to be
caught by a planner before planning. Terry also checked the computerized maintenance
management system for each extensive maintenance work order to see & total job history
for the equipment. For all of the work orders, Terry then made a field inspection.
Afterward, from his personal expericnce and the minifile information, he made a planned
package for the work order. He did this by explaining the work needed on the original work
order forms and atiaching available technical information from the minifiles. As in the case
of most plans, he was careful to plan the general strategy of the job and not spend time
including “how to” details unnecessary for a competent technician, Terry was pleased that
for one work order he was able to identify a special tool that had slowed down the last job
when it was not ovailable. He then finished the planning for each job by putting the planned
package in the “waiting-to-be-scheduted” file and updating the work order status on the
computer. As was normal, all the reactive work was planned before funch.

After lunch, Terry concentrated on the proactive work orders in the waiting-to-be-planned
file. Two jobs required extensive maintenance planning and two jobs required only minimum
maintenance pianning. On the first extensive job, a thermography route had shown a slight
leak for a valve. A check of the minifile showed that this valve had a history of leaking, The
second extensive job, for a pump, had no identified component tag number because
schematics and coded tags were still being developed for that section of the plant. There
were no minifiles for the pump and the equipment for the minimum maintenance jobs, A
computer check for each job showed no additional information.

Terry put on his hard hat and safety glasses, then went oul for a field check to scope the
proactive work orders. He noted that although the valve was in high pressure service, it had
flange connections and would not require a certified welder. Terry decided to include
scaffolding in the plan. Since the pump job had ne component tag number, Terry attached
a temporary tag directly on the pump by the nameplate. One of the minimum maintenance
jobs was as expected, but he had to clarify the other one with the originator. Terry then
returned to the office.

He first finished the minimum mainicnance work plans, making a minifile for each
piece of equipment and putting the planned packages in the waiting-to-be-scheduled file.
Then Terry turmed to the extensive maintenance jobs. The valve’s minifile history showed
that the seat and disk had been reconditioned as well as replaced without too much
improvement in its time between failures. Terry decided the present valve was marginal for
the service and planned the job to replace the valve with an upgraded valve from the ware-
house. For the pump, Terry made a minifile from the temporary tag number he had
installed. Since the job was proactive, Terry took the time to research the technical and
vendor files for certain clearance and parts information. After Terry found the information
he needed, he copied it to the new minifile and finished the work plan. The next time the
pump was worked on, that information would be readily available.

With the time remaining in the day, Terry reviewed the feedback from several preventive
maintenance routes. Each PM route covered multiple pieces of equipment within a single
plant system. These inspections usually uncovered most of the problems for which work
orders were written in the plant. Terry changed the frequency of one route from every week
1o every other week because the route had been run for several months without identifying
any adjustments or situations needing correction.

BASIC PLANNING 6.3

At the close of the day, Terry walked to the parking lot. He thought about the part he played
in the high availability that Stcam Unit 1 enjoyed. The backlog of planned work allowed the
scheduling of planned work to match the forecasted available craft hours for the next week.
The weekly schedule sct 8 work goal and made the advance coondination of qthcr crafts and

arts staging possible. These pasics would normaily boost work force wrench time beyond ‘Lhe
35% typicat of industry to about 45%. Keeping the plant on a constant learning curve by using
information gathered in the minifiles actually increased wrench time to 50%. Technical data
was available and previous job delays were avoided. As the computer system became mare
developed, wrench time was slowly creeping up to 55%. AL 55% the prodpctmty of the 25
people for which Terry planned would be the same as for 39 people working at on!y a35%
wrench time. The benefits of planning actually involved productivity and quality savings. T‘he
productivity savings came from reducing delays during and between assignmems..The qu.ahty
savings came from correctly identifying work scopes and providing for proper instructions,
tools, and parts to be sed. The productivity improvement also freed up cn_1f}, supervision, gnd
management time. This allowed them to focus on troublesome jobs requiring more attention
and an opportunity to do more proactive work. This proactive wprk included root cause
analyses on repair jobs, project work to improve less reliable equipment, and attention to
preventive maintenance and predictive maintenance. Terry felt good that his work in planning
contributed to a cycle of continuous improvement. .

The following narrative repeats this case with planning principles and concepts affecting
planning identified. _ .

Maintenance Planner Terry Smith came in to work on Wednesday moming looking for-

ward to another routine day of helping the maintenance department boost its effectiveness
and efficiency (mission of planning). N
After checking his electronic mail for important bulletins, he went to the waiting-
to-be-planned file to select work orders (work order system) to plan for .Stcam Unit 1.
There were not any reactive-type work orders (reactive versus proactive), so Terry
returned to his desk to close work orders already completed by maintenance. Terry filed
information (Principle 2, feedback) on repairs made (history), delays encountered (gath
to improve productivity), and parts (pants lists) and tools (special tools) used for each :]Db.
The closing included totaling the cost for each work order to help guide future repair or
replace decisions (Principle 5, overall strategy of job). On one job it was not clear what
extra part had been used by the technicians. He made a note to ask them la!cr after the
break so the plans for future jobs could have the part number available (Principle 2, feed-
back and future work). .

Now it was about 9:30 and the new work orders had come from the supervisors’ Morming
meeting (other tool, communication) to the waiting-to-be-planned file. As usual, each work
order had pertinent information recorded by the originator (organizational discipline). Terry
started with the reactive work orders. Terry made a copy of each for note taking and placed
the originals in the planner active file by his desk. The first job was obviously a simple
welding job and required only minimum maintenance attention. The other two jobs needed
extensive maintenance consideration (minimum versus extensive maintenance planning).

All of the equipment invoived in the jobs had component tag numbers (Principle 3,
equipment numbers) identified on the work orders {organizational discipline). Only one
piece of equipment did not have 8 corresponding minifile (Principle 3, component level

files), so Tetry quickly made a minifile for it. He then entered the work order number and
problem description in each minifile. The entry would also later enable any duplicate
work orders to be caught by a planner before planning. Terry also checked the compulterized
maintenance management system for each extensive maintenance work order to see 2
total job history for the equipment. For all of the work orders, Terry then made a field
inspection. Afterward, from his personal experience (Principle 4, planner skill) and the
mimifile information, he made a planned package for the work order. He did this by
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i explaining the work needed on the original work order forms and attaching available
: technical information from the minifiles. As in the case of most plans, he was carcful to
plan the general strategy of the job and not spend time inciuding how-to details unnecessary
for a competent technician {Principle 5, technician skill). Terry was pleased that for one
work order he was able to identify a special 100l that had slowed down the last job when
it was not available. He then finished the planning for each job by putting the planned
package in the waiting-to-be-scheduled file and updating the work order status on the
computer. As was normal, all the reactive work was planned before lunch (reactive
versus proactive planning).

After lunch, Terry concentrated on the proactive work orders in the waiting-to-be-planned
file. Two jobs required extensive maintenance planning and two jobs required only minimum
maintenance planning (extensive versus minimum maintenance planning). On the first
extensive job, a thermography route (other tool, predictive maintenance) had shown a slight
leak for a valve. A check of the minifile showed that this valve had a history of leaking
(Principle 2, past job helping future job). The second extensive job, for a pump, had no
identified component tag number because schematics and coded tags were still being
developed for that section of the plant (Principle 3, equipment numbers for files). There
were no minifiles for the pump and the equipment for the minimum maintenance jobs. A
computer check for each job showed no additional information.

Terry put on his hard hat and safety glasses. Then he went out for a field check to scope
the proactive work orders. He noted that although the valve was in high pressure service, it
had flange connections and would not require a certified welder (Scheduling Principle 1,
jowest skill required). Terry decided to include scaffolding in the plan. Since the pump job
had no component tag number, Terry attached a temporary tag directly on the pump by the
nameplate (Principle 3, equipment number for files). One of the minimum maintenance
jobs was as expected, but he had to clarify the other one with the originator. Terry then
returned to the office (Principle 1, separate planning department).

He first finished the minimum maintenance work plans making a minifile (Principle
3, files) for each piece of equipment and putting the planned packages in the waiting-
10-be-scheduled file, Then Terry turned to the extensive maintenance jobs, The valve's
minifile history showed that the seat and disk had been reconditioned as well as
replaced without too much improvement in its time between failures. Terry decided the
present valve was marginal for the service and planned the job to replace the valve with
an upgraded valve from the warchouse (Principle 2, past job helping future job). For
the pump, Terry made a minifile from the temporary tag number he had installed. Since
the job was proactive, Terry took the time to research the technical and vendor files fot
certain clearance and parts information (further research for proactive jobs). After
Terry found the information he needed, he copied it to the new minifile and finished

the work plan. The next time the pump was worked on, that information would be readily
available (Principle 2, past job helping future job). P

With the time remaining in the day, Terry reviewed the feedback from several preventive
maintenance routes {other tool, PM program). Each PM route covered multiple pieces of
equipment within a single plant system. These inspections usually uncovered most of
problems for which work orders were written in the plant. Terry changed the frequency of
one route from every week to every other week because the route had been run for seve
months without identifying any adjustments or situations needing correction.

At the close of the day, Terry walked to the parking lot. He thought about the part he
played in the high availability (objective of planning) that Steam Unit 1 enjoyed.
backlog of planned work (Principle 2, future work) allowed the scheduling of planned work
to match (Scheduling Principle 4, schedule for 100% of hours) the forecasted available

craft hours for the next week {Scheduling Principle 3, schedule one week from fOI‘wa‘
of highest skills). The weekly schedule seta work goal and made the advance coordination

BASIC PLANNING 5.5

of other crafts and parts staging possible (objective of scheduling). These basi
nm:mally boost work force wrench time (Principle 6, wrench time) i)cyond the ZSSI‘CIZ t‘;;::tll
of industry to nbput 45%. Keeping the plant on a constant learning curve by using infor-
mation gathered in the minifiles actually increased wrench time to 50%. Technical data was
available and prcviqus job delays were avoided. As the computer system became more
developed, wr_ench time was slowly creeping up to 55%. At 55% the productivity of the 25
people fqr which Terry planned would be the same as for 39 people working at only a 35%
wrench time. '!'he bepeﬁts of planning actually involved productivity and quality savings
The Produc}wny savings came from reducing delays during and between assignments. Tht;
guahty savings came from comectly identifying work scopes and providing for proper
instructions, tools, and parts to be used. The productivity improvement also freed up craft,
supervision, and management time. This allowed them to focus on troublesome jobs'
requiring more attention and an opportunity to do more proactive work. This proactive
_work included root cause analyses on repair jobs, project work (other tool, project work) to
improve less reliable equipment, and attention to preventive maintenance and predictive
maintenance. Terry felt good that his work in planning contributed (other tools needed, no
silver bullet) to a cycle of continuous improvement. '
.Tl.m previous account shows that the steps job planners take reflect the important
pnl‘ICI‘p]CS and concepts of planning and scheduling. The account also demonstrates that the
plann_mg system resides as a process within the work order process. The next section
dc-sc.nbcls the 9vcrall process of completing work with the work order process from job
origination to job closure and notification of the originator. After this section, the chapter
focuses on the planning process activity in the work order process. ' F

WORK ORDER SYSTEM

As _cxplamed in Chap. 1, the work order system is the most valuable tool for improving
maintenance effecliveness and productivity. Basically, the system helps maintenance
personnel obtain necessary origination information and control all the work. The work
order system avoids an inconsistent utilization of verbal statements, electronic mail
Post-its, and pho_ne calls. The foundations of the work order system are a consistent for:
mat for mformguon and a designated flow for work to proceed. The information needing
1o hayc a consistent format (whether on computer or paper) is origination information
plnn.mformauon. and feedback information. The work order system prescribes the use ot"
specific forms, codes, and work processes. Appendix J provides a complete, sample work
order system manual, and also presents a flow chart showing the steps maintenance takes
to clgmplelse ;:n;lergency work without planning assistance.
igure 5.1 shows the steps of the work order process for a typical company usi

};r&? order system. Paper means that the work request is wrizgn ona ph[;.rsicj:latl1 s;::gci ?gl[')rcnr
emcus;;rne P[l;lyswal fqrm passes to the planning department and then to the field for work
: on. The form is then returned ¢o the planning department with job feedback. This

ompany also uses the term work order to refer to the document when it starts as a work
Tequest as well as after it is authorized and becomes a literal order to do work. The form is

kmown gs the work order form. The company uses a computer, but only to track the work

m:mm. This. book’s illustrati‘on of a company with a paperwork order system allows
explanation of the planning process, This typical company process will be used

i : c
: s:rhed:iz ll;emamder of this chapter and the next two chapters to illustrate the planning and
- ng steps, A computer may be used to add value, but it cannot replace the basic

Process, After the basics of planni i
Bieatof a computer system.p anning are mastered, Chap. 8 explores the possible employ-
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[ The first step in Fig. 5.1 shows the origination of the work order. This person may be !‘ I!‘ o w1 - @ é
i an operator, a maintenance technician, or anyone in the plant. The originator obtains a w i > = i 5 o |&] 2
: . . 3 A N o A I Y 0 = 8
work order form and fills it out with the required information. The originator describes the o El3 Dzls a ls g
| probler or work requested including identification of the involved equipment and its e o % % g b (29 ﬁ
location. The originator makes an estimate of the work’s priority. The originator also gives 2 2 1 Rl 00) %3 - O 5 2 §
an opinion, if possible, as to which crew or craft the work would be assigned and whether - : = i z ¥ ;‘ g 2 Stz '§
or not the work must be done during an outage. The originator also provides any other 1] 2 <z g wzis 2313l s
i information dictated by the particular work order form as well as any other information % & o B 2Elx 5 o5 |5 g
that might be helpful. This person also hangs a deficiency tag on the equipment if applic- g
able. The originator's supervisor, if required, then reviews the work order, makes any ;

adjusiments required, and places the form in a designated collection place. The particular
work order form utilized by the company may have multiple carbonless copies to provide I
copies or a copy machine might be utilized. The collection places are the preferred loca- ,
tions that maintenance planning has established to help speed the work order flow. The ¢
collection places might be simple boxes in the control rooms, by the elevators, in the front |
office, or near other work locations. Maintenance planning collects the work orders placed
in these boxes at regular times. The intent is to avoid work orders being placed in the
interoffice mail or otherwise delayed or last through some unusual means of transmission.
Afiter collection of the work orders, the second clockwise box in the Mow diagram
shows coding. Planners go through the new work orders 1o code the work orders. When
the planners code the work orders, they are placing appropriate codes from the plant
coding system on every work order. These codes include designation of work type,
whether the work is reactive or proactive, whether the work is minimal or exiensive, and
other codes. The planners also designate which crew would receive the work order.
The third box shows a step where the work orders are brought to the moming meeting
where managers and certain supervisors may swiftly review them to see what is going on
in the plant. Plant engineers attend {hese morning meelings. Any work order may have its
priority changed, may be canceled, or may be referred to a project group. The concept of a
morning meeting originated before the existence of planning and used to be the place where
new work orders were passed from operations 10 maintenance every day. The use of the
morning meeting now is usually a meeting to review a list of work orders and not the work
orders themselves. The work orders themselves remain in the planning department where
planners may begin planning them and clerks may finish entering them into a computer
system. The next step in the flow process allows the mainienance planning clerk to enter
any data that any compuler system may need. For example, this company uses a CMMS,
but just enters the work order information into the computer to allow having a backlog list
of work orders. The company also uses two other separite computer systems for inventory
and payroll time sheets. The clerk must enter work order numbers to authorize inventory
wansactions and payroll accounting. After entering the work orders, the clerk puts the work
orders in a wailing-to-be-planned file for the planners.

The planners plan work in accordance with the steps discuswed in this chapter. Informal
planning refers to crafts that do not have planaing. Many plants only implement planning
for mechanical maintenance when it has the bulk of the work. Electrical and 1&C craft
supervisors or technicians plan their work on an informal basis. After planning, the plan-
ners place the work order forms and all associated pieces of the planned package together
in a waiting-to-be-scheduled file. |

A scheduler then schedules the work in accordance with the process steps recorded i
jater sections of Chapter 6. Informal scheduling refers 0 crafts that do not have planning.
After scheduling, the scheduler delivers the scheduled work order forms and plana
packages to the appropriale crew supervisors.

The crew supervisors then work the scheduled work into daily crew assignments. The
crew supervisors obtain equipment clearances from the operations group, with a copy of

the work order if required.

AUTHORIZATION
(SEND TO PROJECTS IF NEC)
BY MANAGEMENT

N
J EXECUTION

1

BY CRAFT
- = THE PATH OF INSTRUCTIONS OR OTHER INFO

2. “SUPV" REFERS TQ CRAFT SUPERVISOR OR CREW LEADER

WORK ORDER
GENERAL WORK FLOW
3 _JM iNCLUDES COMPUTER ENTRY
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(if & has historical value)

el

THE PATH OF THEW O FORM;
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goes 1o originator,

5 “INFORMAL" REFERS TO CRAFTS WHERE THE SUPV DOES THE PLANNING OR SCHEDULING
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FIGURE 5.1 Example mainienance work flow diagram.

NOTES
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The next step has the technicians executing work on cleared equipment. After job exe-
cution, the technicians report job completion to the crew supervisor. The supervisor soon
reports job completion to the operations group. The supervisor does not wait until the shift
end to report multiple job compilations all at once. Giving the operators timely notice
allows the operators time away from their own shift change periods and reduces confusion
in restoring equipment. Timely notice also allows the operators to restore equipment to
service while technicians are still at the plant in case problems are encountered.

The next step requires the technicians to carefully record helpful feedback on the work
order form. The technicians and supervisors should go ahead and fill out this information
while their memories are fresh. A later section in this chapter thoroughly covers required
and desired information for feedback since feedback is essential to the planning improvement
process.

After receiving feedback, the last step is for planners (o assess the completeness of feed-
back and file appropriate information including the work order form. The planner may pro-
ceed 1o update future plans even before the plans are required. The planning clerk enters
designated information to close work orders in various computer systems. The
clerk may also have filing duties. A later chapter section prescribes possible clerk duties,
Finally, Fig. 5.1 closes the circle of the work process by sending notification of work
completion to the original requester. This notification could be accomplished by copy of
the work order, electronic mail, or spoken communication. Only in organizations where the
operations group has complete confidence in the maintenance group should the notification
of work completion be skipped. Altemately, a computer system where everyone has free
and easy access to check work order may suffice for operations to see whether maintenance
has completed their work.

PLANNING PROCESS

In the planning process, the planners take new work orders and add necessary informa-
tion to allow more efficient scheduling and execution of the work. Figure 5.2 expands the
single box that called for planning in the overall work order process. All of the activity
shown in Fig. 5.2 occurs within the single planning step of Fig. 5.1. Figure 5.2 shows the
general sequence of the planning operations. Understanding this sequence will help
explain the discussions that follow in this chapter.

The first box shows where planners place the work orders after coding, computer entry,
and moming meeting adjustments have taken place. The planners put all unplanned work
orders in the waiting-to-be-planned file. Normally this file has only a single day or two of
unplanned work in it because the planning principles and concepts allow for keeping up with
the work on a daily basis, However, in & plant just starting to implagnent planning, there may
be a substantial amount of unplanned work in the backlog. In those cases, the file will also
have to allow access to crew supervisors who may have to assign jobs before planning has
time for them. The work orders are placed in the file to allow easy identification of their
planning needs. Normally, the work orders are placed by plant unit. Within the work for each
unit the work is arranged by priority code. If there are multiple planners, each planner may
be responsible for certain crews or crafts and the file arrangement may reflect this order,

The next box shows the planners taking work orders from the file. The planners generally |

take the reactive work orders out ahead of the proactive ones. These normally carry 8 higher

priority. The planners want to plan such work orders quickly in case the crew supervisor -

requests them. :
The next box shows a step to provide the planner with a draft copy of the work order 10

allow note taking while in the field scoping work. The planner does not take the ori
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PLANNING PROCESS FLOW CHART

FILE ORIGINAL WORK ORDER IN SELECT WORK ORDER FROM
"WAITING TO BE PLANNED" FILE ————=| “WAITING TO BE PLANNED" FILE
AS PER PRIORITY CRITERIA AS PER PRIORITY CRITERIA
L
PWO WORK COPIES TYPEOFW.O.: -
- MAKE WORK COPY OF PWO | | oo Ac;::o” TYPE OFW.0.: CHECK
-FILE ORIGINAL PWOTO [ ™ —-{MINIMUM OR
“pLANNER ACTIVE FILE” OR REACTIVE EXTENSIVE MINIFILE
SCOPE JOB* PLAN JOB *
-FIELD INSPECTION - JOB STRATEGY AND QUTLINE Tt
_HISTORY, TECH, VENDOR FILES| | - PROCEDURES/SKETCHES/EQUIP DATA L L
- COMPUTER FILES - ANY STANDARD PLAN FOR JOB AND FILE
- MAINT, OPNS ASSISTANCE | g - CRAFT, # PERSONS, WORK HRS, DUR. PLANNED
- ga_tr);‘ CAUSE ANALYSIS - PARTS LISTS 9| JORK PKG
. - SPECIAL
- INSULATION/ASBESTOS B ATED cogt T TACTOR s
- CLEARANCE A
 SAFETYMSDSICONF. SPACE BATABHEETS, 1 o ceroR 08 SCHEDULED
- EQUIPMENT TAGGING - CRITICAL SPARES PROGRAM FILE

* According to guidelines lor type of work order and plan.
FIGURE 5.2 General flow of planning activities.

work order form out into the field. The planners leave the origi
r ! . ginal work order forms out on
“thclr desks n.nd go 1I|'u_o the field with copies. Alienately, there may be a set location for a
planner active file in each planner’s office or cubicle. Leaving the original in the office
also allows the supervisor of planning to help crew supervisors find certain work orders if
necessary.
The planners note the type of work orders the i i
5 : ; y are planning. They will plan each work
ordgh t:l!;ff:rfgtly d;pend:ll':g on |Its type: reactive or proactive, minimum or epxlensive.
I xt box shows that a planner will nearly always ch i i
}ob;;lformation el y ys chieck the files to see if previous
ext the planners scope the job according to the guideli
! . g guidelines of the type of work. After
;?ngal the jobs and understanding what they require, the planners will sit down to develop
actual job plan. The planner may update the job’s status as planned on the computer, The

plﬂ!ln:l's ﬁnn"y II h PICICd IOb Iml in a wait {0
| e eachn comy p lng bC Scheduled ﬁ.le. Thls ﬁle 15

WORK ORDER FORM

'mmalmcnqnge departments use separate work request and work order forms. In such
Tk lhc' an originator fills out a work request describing the work requested and turns it
e:t‘?;;l;:m:;:ce depanmel;‘t. After planning or other processing, the maintenance
p s the crew or technician a new form, the work order form, whi i
b il , which describes

L
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This book prefers a single form. Having a single form simplifies the maintenance
process and also may avoid the loss of originally attached information. A separate form
may also lead to inaccurately copied information to the second form.

After origination, maintenance planning uses the same form to record nearly all planning
information.

The scheduler handies the work order forms for scheduling. The form helps the technician
and supervisor include vital feedback helpful information.

After job completion, the planner can easily check the structured form for its completeness
and any need for the planner to seek additional feedback or initiation of additional work
orders. The planner files this form to help future jobs.

When planning anew job, a review of past jobs recorded on consistent work order forms
enables the planner to recognize and avoid previous job delays and problems.

Another issue involves work order numbers. Each work order having a unique number
facilitates discussion of work orders. Having unique numbers helps persons understand if
they are discussing the sume work. Sequential, unique work order numbers are easily
printed on the top of preprinted work order forms. Unique numbering is almost mandatory
for computer syslems.

Figure 5.3 shows an example of a typical, structured work order form for a company that
employs planning. This example helps to visualize its use in the maintenance process. Many
companies have much more complex work order forms with a multitude of specific boxes
requesting information. Structured forms provide for consistent information input for all
phases of a job. These phases include origination, planning, job feedback, and coding. Figure
5.4 points out the different main areas of the work order form. For the purposes of illustrat-

ing the planning process, this book uses the simple work order form shown in Fig. 5.5.

Consider now an example work order. An operator notices a strainer starting to plug and
originates the work order shown by Fig. 5.6. The pressure drop is high, but not too severe.
The operator uses the priority codes found in App. J 1o code the work order as an “R2." “R"”
means that the situation involves plant reliability and “2" deems it serious. The operator

(ills in other information required by the plant.

CODING WORK ORDERS

Two planners go through the new work orders early every morming to code work orders.
When the planners code the work orders, they are placing appropriate codes from the plant
coding system (such as found in App. J) on every work order. These codes include designation
of work type, whether the work is reactive or proactive, whether the work is minimum or
extensive, and other codes. The planners also designate which crew would receive the work
order. 1f a number of work orders have been received in the mid@le of the day or if there
are fairly urgent work orders, the planners may not wait until the usual moming period (0
code them. If the company utilizes an operations coordinator, this person reviews the work
order priorities and has the authority to adjust them as needed. The operations coordinator
might also be responsible for gathering work orders (0 bring to planning. Frequently, an
operations coordinator is a member of the operations group on loan (o planning. Less
commonly, planners have the authority to adjust work order priority.

Plants code data to increase their ability to use information. For one thing, it clarifies
communication. It provides for a consistent designation for each type of information 10
reduce confusion. For example, if everyone called the boiler feed pump by a different
name, information might get lost. Different persons might call the south boiler feedpump
the BEP B, the south boiler feed pump, or the B feed pump. How should
filed? Would technicians work on the correct pump? Using the design

the information be-
ation N02-DP-0025

BASIC PLANNING 51

WORK ORDER

REQUESTER SECTION Priority
Equipment Tag# ——
Problem or Wark Requested: Def Tag #

Outage Req? Y/N  Clearance Reg? Y/N  Confined Space? Y/N
By: Dute & Tlme: APPROVAL:

PLANNING SECTION  Assigned Crew: Attachment? Y/N
Description of work to be performed:

Labor requirements:

Parts requirements:

Special tools requirements:

By: Date & Time: Job Estimate: Actual:

CRAFT FEEDBACK (Madify plan sections above:actual labar, parts, & tools)
Work performed including equipment changes & any problems or delays:

Date & Time Started: Date & Time Completed:
By: Date : A PPROVA L:
CODING

FIGURE 5.3 An exampie of a work order form to help guide input.

tr;::‘cales that the pump referred to is the North Unit 2 Boiler Feedwater Pump B. Once
gm_i rl::eés O::::l)dc a work order, persons using llhe work order later might not have to digest the
oo ment to get necessary !nfopnauon. For example, once the planners code a work
B o active, later interpretation is not necessary when the planner is reviewing many
e :;s_ t;_: select several to plan. For a_nother thing, plants code their data to allow better
B 1o information. For example, coding all breakdown work as work type 5 allows the

T to evaluate the percentage Qf plant work it does on equipment after it has failed.
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| plant’s filing system and the coding allows access to this critical information. Because the
' WORK ORDER #001 23 4 codes lend themselves to interpretation at times, it is best 1o use as few persons as pos-
sible to code them. This is similar to a library, Once a book is returned to the wrong shelf
’ location, it becomes lost for all intents and purposes. A computer especially requires con-
| sistency of data, The exception to this guideline is having the originators place the initial
STER SECTION priorities on work orders because they have first hand knowledge of the work situation. The
REQ l ]E plant consistently using an intelligent, equipment numbering system helps ease the prob-
lem of selecting the wrong codes.
]
REQUESTER SECTION
APPROVAL:
PLANNING SECTION
»
CODING SECTION SEART FEEDBACK
FIGURE 5.4 The main areas of a work order form.
Coding all pumps as equipment type 01 may help find pump work orders or plans later &1
uter database. -
: C?II;:grc might be a number of codes the plant develops to enable various uses of plant dm;‘ APPROVAL:
Appendix J shows typical codes. Examples are work type, priority, outage, _dcpﬂf:“‘;;c, CoD H
craft, crew, plant, unit, building, plant area, process group, process sy.stcm. equipmen ING
manufacturer, proactive versus reactive, and minimum versus extensive.

in the plant coding his Pr-her--

The planners code the work orders rather than everyone e intain the

FIGURE 5.5 Example simpl k order form used for illustrati
own work orders. This maintains better consistency of data. The planne i T
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| WORK ORDER #(01235
REQUESTER SECTION Priority R2

#2 Control Valve B Strainer (N02-FC-003) has hig!l
pressure drop. Def, Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm,, pprOVAL: S. Brown 4/21/98

PLANNING SECTION

CRAFT FEEDBACK

APPROVAL:

CODING

FIGURE 5.6 Work order after the originator completes the information.

anning department uses at least two planners for coding becaus
musTlhl:cI:roccssged \.sithoui fail. Two persons allows the absence of one planner not
the coding.

Each morning, designated planners code spaces at the botto e
for each new work order. This means that planners are the first persons in
department to sec new work orders. Sometimes the planners notice 10
supplied by the originator. The planner may be at_:le to obtai
scoping the job. However, if the originator supplu;s all th
maintenance planning has a much easier job planning the work.

e the work orders
to delay

m of the work order form
the maintenance
sufficient data
in this information later w_l_ie_n_ 3
e readily available information, -
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Receiving new work orders with insufficient duta is a very sensitive area. On one
hand, the plant desires all persons to be able and willing to write work orders as they see
areas in the plant needing attention. On the other hand, poorly written work orders hinder
the maintenance effort (going back to the days of illegible Post-its). This is a manage-
ment commitment area to stress how timely information helps maintenance support the
entire plant’s reliability. Planners should not simply complain of widespread problems
with origination, but help management understand the problem with specific work order
examples.

Figure 5.7 shows the example work order after moming coding. The planner used the
coding system in App. J. The planner could have made a case for coding the work order
as P (proactive) since at first glance this important plant process had not yet been affected.
This logic was furthered by the operator setting the priority as a 2 (serious) rather than 1
(urgent), However, the planner realized that normally the operators blew down strainers
into the oil tank without a need for maintenance attention. The strainer had failed and
needed manual cleaning. Therefore, R (reactive} was the proper code. For similar reason-
ing. the work type was 5 (trouble and breakdown) rather than 9 (corrective maintenance).
The work was also not minimum maintenance since planning desired to keep track of
strainer work in history. The planner coded it as E (extensive). The equipment group was
F (fuel) and the specific system was C (service pump). The equipment involved was an 18
(strainer). Crew 1-2 would be assigned the work and the proper outage code was 0. No
gutage was Necessary.

USING AND MAKING A COMPONENT LEVEL FILE

The planner begins the planning process by selecting work orders from the plant’s
unplanned backlog. The waiting-to-be-planned file holds this work. The planner normally
picks several work orders at the same time. This may allow scoping several jobs at once
in a common plant area. After selecting the proper work to start planning, the planning
process dictates that the planner should first consult the information already filed for the
equipment in question. The planner should consult the files before scoping the jobs in
the field. The files may yield information on past events that would help the planner know
what to look for. The planner may also not find certain information that could be gathered
in the ficld. The planner would then know to gather that information when inspecting the
equipment on site.

Checking the files simply involves simply walking to the file section and looking for the
appropriate minifiles. Component level files are called minifiles because they do not contain
information for more than a single, specific piece of equipment. A minifile was made the
first time the planning department ever planned for the involved equipment. If the planner finds
that 2 minifile exists for the piece of equipment, the planner scans the included information
inside. If there is no component level file for that equipment, the first thing a planner would
do is make one. Chapler 7 describes how a planner makes a minifile.

Flanners should not underestimate the value of making a minifile for nearly every piece
of equipment on which maintenance performs work. If certain equipment in the plant is
important enough to have a separate identification number, it is important enough to have
B migifile.

’!'hl! planner gains what useful information is available in the minifile for each piece of
equipment before scoping the work orders.

For our example work order, there was no file for that piece of equipment, so the planner
| Created a new file using the equipmeny number N02-FC-003. Then the planner proceeded
10 scope all the selected work orders.
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running hot,” obviously the work needed to remedy the problem has not been defined. The

WORK ORDER #00 1235 process of defining that work is called scoping. Al other times, work requests come with

a description of the work desired. A work order may state, “Replace the gasket for the leak-

REQUESTER SECTION Priority R2 ing flange.” Although the work appears to be defined well enough to continue planning,
. N 3 scoping by the planner is still beneficial. The planner scoping the job locks through the eyes

#2 Control Valve B Stramner (NOZ—FC 003) has hlgh of a skilled maintenance technician, rather than those of an operator or iess skilled techni-
ressure drop Def. Tag #010304. No outage requlred. cian. The skilled technician planner may see a pipe hanger 10 feet away has come loose

p . R N Confined Space. causing the flange (o leak. The planned job scope should include attention (o the pipe
Needs mech crew. Clearance Req. NO hanger in addition to the flange. Instead of the pipe hanger, the planner may realize that a
: . m. . nearby valve is leaking instead of the flange where the drip appears. Whether the valve

J. Smith 4/21/98 3 00p APPROVAL: S. Brown 4/2 1/98 packing needs tightening or the valve needs replacing becomes the job scope decision. The
PLANNING SECTION scope may include a need for scaffolding after the planner sees the height of the valve.

The planner ensures that the plan specifies the right job through scoping work orders.

During scoping, the planner may alter specific information contained in the work
request. Consider the example of a leaking valve causing a flange to appear to be leaking.
The originator requested the flange gaskel be replaced. The planner would mark over the
request and explain the actual problem, the valve. The planner would specify that the valve
be replaced if that is the proper course of action. The planner would correct any equipment
tag information in the request. The planner would have to change the equipment tag number
specified from the pipeline 1o the valve,

The work involved in correctly scoping a job increases in complexity from simple
minimum maintenance, reactive work to extensive proactive work.

Beginning with work that is both minimum maintenance and reactive, the key is personal
planner experience for scoping. The planner should not need to consult any minifiles or the
computer. A field inspection may not even be necessary, but is usually recommended. A
work request might state, “Replace the broken window in the field office.” In this case, a
field inspection might be necessary to ensure the correct job is planned. Close inspection of
the window job might reveal that the broken window has a rotten wooden casing so ils
replacement must also be put into the job scope. The consequence of missing the rotten casing

could be the wasted hour or two of an assigned technician. The technician would return and

CRAFT FEEDBACK declare the window cannot be replaced before a carpenter is called. That is one reason why

planners should have top level technician-level skills. An experienced technician has run
into many of these type problems and knows what to inspect.

For jobs that are reactive but also extensive the planner would always consult the
minifile and the computer. The planner would always make a field inspection. However,
because of the urgency in processing reactive work, only if there is great uncertainty would
the planner consult operators or otherwise proceed further in investigation.

® For proactive work, urgency is not critical. The objective is to avoid future reactive work by

APPROVAL: planning excellent proactive work. For proactive work, the planner may take time to consult any

/Syst FC Crew 1-2 miniftles and the computer even for minimum maintenance work to develop a good job scope.

CODING \l;lankT'Fpe RS'E %a%lg T}}g e 18 Outage 0 For proactive work that is extensive, the planner develops the best job scope possible, not hes-
orK lype

Hating to consult operators or other knowledgeable sources, if needed. Sources to be researched

SCOPING A JOB

FIGURE 5.7 Waork order after the planner completcs the coding.

for proactive work may require looking beyond the minifiles and include equipment technical
files and vendor files. These files are described in Chap. 7, Forms and Resources Overview. A
root cause analysis may also be advisable. Operation of the equipment may be necessary to
observe the problem in some proactive cases.

However, any time proactive or reactive work requires in-depth troubleshooting, predictive

i identifyi i ing is a subset of the planning:
Scoping simply means identifying all the work required. Scoping is a su e
pf::f;ss&.' Scogizg refers to the overail work scope and not other planning tasks such as identi

fication of parts and

i iptive i i times hav
ted the work provided descriptive information. Work requtists some
;:CCII:::antion of the lpjn"a::ul:llcm itself. If the work request states that *“The boiler feed pump 18

lesting, performance testing, or engineering, the planner refers it to the planning supervisor
for possible reassignment. Reassignment is desirable for a couple of reasons. One reason is
not 1o bog down planners with & few unusual jobs and neglect the rest of the backlog.
Another reason is to get special expertise when needed.

. First, the planner cannot afford to become bogged down on one or two jobs and not
- plan the other 20 jobs. Most of the wark performed by maintenance is routine. That

time estimates. Scoping is necessary even though the persm; :nlh:
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means it does not require extraordinary measures Lo scope the jobs. Jobs such as valve
replacements, flange leaks, and loose linkages far outnumber situations where a skilled
technician cannot make a faitly rapid determination of the job requirements. The planner
needs to make sure all of those routine jobs are planned so that crews can schedule their
work and avoid unnecessary delays, such as having to find part numbers already available
in the files,

Second, some jobs merit specific expertise. Resources for planning to consider might
include engineering such as plant engineers, predictive maintenance, performance testing,
and the plant controls group. Planners must involve these groups when necessary.

The planning supervisor or planning department may have guidelines for when the
planners should request assistance. The guidelines for what jobs to reassign and whether to
have an engineer in the planning group itself depend on what type jobs would slow the plan-
ners. A very skilled planner group may be able to handle a wider variety of complex jobs
than a less experienced group without becoming bogged down. One of the supervisory
responsibilities of the planning supervisor would be to monitor what jobs are troublesome
and cost too much time in planning for the planning group.

Planning groups must also maintain an awareness of plant procedures to coordinate
certain actions with outside agencies. The plant may have an agreement with its insurance
carrier to notify it whenever a fire prevention system is turmed off for maintenance.
Normally, the primary responsibility for this type of notification would fall with the oper-
ators who perform the actual clearing and shutting off of the system. However, the plannets
may be able to use their file systems to provide helpful reminders. Some plants also place
a burden on specific plant engineers to remember and fulfill these requirements.

The plant also benefits from having some mechanism to allow canceling of work
orders. The best scope of work may be not to do the requested work and the planner sotme-
times coordinates these decisions. The work orders may not be thought necessary because
of the broader scope of knowledge of plant operations that planners may possess. Certain
work orders may not be needed because of a soon-to-be-executed project to resolve the
situation. The plant may be able to cancel certain work orders to repair portions of an
old demineralizer beyond immediate repairs if the praject group intends on installing a
new demineralizer. The plant can reconcile work orders to planned projects in different
ways. Plant engineers may have the responsibility of reviewing new work orders with this
in mind. Planners may have the primary responsibility to be aware of these projects to tum
back unnecessary work orders.

‘The following illustrates the actions of a planner to scope different types of work orders.
The planner selects four work orders from the waiting-to-be-planned file.

I the first case, the planner has to scope a reactive, minimum maintenapce job. A plant
engineer has written a work request to replace a pressure gauge. The plannet knows there
are many of these gauges in the storeroom. The planner walks out in the field 10 make sure
which gauge the engineer is referring to. The plannet also checks to see if the gauge has an
isolation root valve or if the system has to be cleared.

In the second case, the planner has to scope a reactive, extensive maintenance job. The
operators have reported a control valve that is leaking through. The planner consuits

the minifile for the valve and inspects the valve in the field. Since this valve has no infot-~
mation in the minifile to indicate otherwise, the planner decides that maintenance should _,

replace the valve.
In the third case, the planner has to scope a proactive, minimum maintenance job. Thﬁ
plant environmental engineer has written a work request to make and place a “No Swimming;
sign by the percolation pond. The planner reviews the area and decides the sign should be
attached to an existing fence. The planner asks the engineer if this would be acceptable.
In the fourth case, the planner has to scope a proactive, extensive maintenance job:
The predictive maintenance group has reported another control valve leaking through.

|
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The planner consults the minifile for the valve and inspects the valve in the field. The
planner decides that maintenance should try to replace the valve. Since this valve has no
information in the minifile, the planner spends some time to research several technical
manuals and talk to a supervisor to see if this valve might be rebuiit in place.

Note how scoping the jobs varies in complexity because of the need to move reactive
work quickly to maintenance and do careful analysis on proactive work. The overview of
duties for a maintenance planner in App. E provides a more formal, step-by-step type
checklist of these activities for the different type work requests received.

ENGINEERING ASSISTANCE OR REASSIGNMENT

Most of maintenance is routine and can be handled by planners. The planners must get all
the work planned so that effective scheduling can consider all the plant’s work. Planning
must not become delayed on the exception work orders that could prevent the other work
from being planned.

The common maintenance task is not an engineering concern. Adjust a valve here,
replace a gauge there, overhaul a pump here. These ongoing maintenance tasks make up the
vast bulk of maintenance. This work could arguably include some desire for engineering
serutiny. However, the main task of maintenance is maintaining or preserving a perfor-
mance level at a previously engineered specification level. This engineering was completed
at the original instaliation of the equipment long ago. Let the engineers concentrate on
analysis in projects designed to make things better, but that does not include most of what
is going on in maintenance.

Occasionally jobs are received in planning that need engineering solutions or designs.
An example would be an access platform where structural integrity is important or where
detailed drawings are necessary. Another example would be where a repeated failure
indicates a need for a different type valve or special material. In general, a reactive work
order would get less of this type scrutiny and be left up to the maintenance crews to
resolve, but a proactive work order’s objective is to head off future reactive work, so
engineering help may be appropriate. A plant engineer should be able to advise whether
PVC piping could be used to replace a chronic failure situation for carbon steel. A job
plan that requires sizing a pump could be handled quickly by a plant engineer. Some jobs
obviously need 1o become turned into projects such as adding a new demineralizer. The
pla.pners need to make sure these jobs do not come through planning, but are handled
entirely by a project group or the plant engineers. If a plant intends to use maintenance
labor 1o install the equipment, the scheduling aspect may come into play. However, planners
dp not need to become involved in the design. Other jobs not worthy of being called out-
right projects still may not need to go into planning until after a design is completed.
Overhauling a steam trap system may need to go through plant engineering for trap
sclccu_on and piping sizing and routing. Then planning can take the completed design to
coordinate parts and assign estimates for labor and schedules.

Tq reassign work or receive engineering assistance, the planner consults with the
planning supervisor or planning depariment guidelines. Some plants have a plant engi-
neer as part of the planning group to handle quick questions without reassignment and
to coordmatg the jobs that do become assigned to the plant engineer group. Otherwise,
the _plnnqer is responsible for keeping up with planned packages that are waiting for
‘engineering,

Shoﬁl ;forcl of caution 10 plann.ing groups with a strong engineering presence: The engineers
; not be nllowcq to redirect the planners’ focus. Engineers may be tempted to use
Pianners to collect equipment data rather than allow them to plan routine maintenance work.
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The planner should indicate on the final work plan any engineering input received and
why. For example, the planner would not write simply “Replace with staged new valve.”
A better plan would be: “Replace with staged new Teflon valve per engineer Brown's
recommendation to avoid previous corrosion problems.” The failure to include the “why”
of a job plan has resulted in many field technicians coping within their own experience
to a fault. If the technicians thought they could patch the existing valve to save the company
time and money, the expanded job explanation from the planner would help them sec the
big picture. The idea is to explain the “what” as well as possible so that the technicians
can react with the best information to the actual job circumstances. Planners should
always pass along technical information.

DEVELOPING PLANNED LEVEL OF DETAIL,
SKETCHING AND DRAWING

Similar to scoping a job, the planner spends the least time describing what work needs to
be done on reactive, minimum maintenance jobs and the most time on proactive, extensive
jobs. Only on a proactive, extensive job would the planner consider searching files other
than the minifiles to find new information. The planner must adhere to Planning Principle
5 and avoid telling an experienced crew “how” to do the work. The plan must emphasize
the “what.” Putting unnecessary “how to” steps in the planned packages causes planning
problems. The unnecessary effort takes up valuable planning time and frustrates empowered
technicians who take pride in their skills and techniques.

For example, a planner might say, “Repair” or “Replace” a valve, but never, “Repair or
Replace.” It may be acceptable in cerlain circumstances to say “Attempl to repair the valve
unless internal valve inspection requires valve replacement.”

The planner might say in the case of repair that the “Intemals probably need replacing,”
but would not give steps on how to dissemble the valve if an experienced craftperson
should know how to do it already. On the other hand, if the minifile already had an easy-
to-copy procedure available, the planner might attach it as a reference. A copy of any
standard plan should be attached if there is one for the job.

The description of what work is needed goes in the planner section on the work order
form. The planner should write down the scope of the job and the results of any research to
give the technician helpful information. For example, “Replace the valve, History file indi-
cates repeated failures and patches.” Another example, “The equipment could not be run,
but information from operator J. Smith indicates a failed bearing, Disassemble to inspect
and replace the bearing or other corrective action necessary.” Another exahple, “Replace
the entire pump because cost information indicates repairing is not cost-effective.”

The planner may feel that certain steps should be given to help clarify the intent of the plan.
The steps may also be needed to help coordinate resources. When giving steps, the planner

might number them. For example:

1. Erect scaffolding
2. Replace valve
3. Remove scaffolding

If the planner needs any more room than the space provided on the work order form, the

planner might have to attach an additional page of writing.

The planner should also identify any attachments sent out with the first page of the work
order form. This allows the schedulers and crews to make sure they have all of the planned
information. It also allows the planner to check its retum after job completion.
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) One intent of the job plan work scope and plan detail is to provide a good technician
wuh_enough' 1‘nformati0n to reduce the incidence of the technician having to delay the job
seeking additional instructions on what to do. The planners reduce potential job delays
when the work order plan identifies enough information so that the technician does not
have to mak_e extra trips to seek help from the supervisor. As with any trip, the technician’s
leaving the job site causes a job delay. Any trip away from the job might not only consist
of a momentary delay finding the crew supervisor. Frequently, trips allow other distractions
to hinder the technician’s prompt return to execute the work.

On the olhc_r hand, a point of diminishing returns exists for providing information. For
exnmp_le, consider an electrical planner sketching a conduit run. The planner had iaeen
sketching for an hour. If the planner did not do the layout, then a field technician would
have to spend about an hour doing one. The crew could simply field run the conduit
because system constraints did not mandate any certain route. The planner was doing the
layout in order to know how much conduit to reserve from the storeroom. However
[h'c plannel_' could just guess that between 100 and 200 feet of conduit would be needeci
without doing a layout. In this case, the planner should simply reserve 200 feet of conduit
and sgnd the plan on its way. Think about it. The one clectrical planner was supposed to be
planning for 20to 30 e_lectricians. There is no way the planner can justify spending an entire
hour to save a technician only a single hour in the field. A planner is worth 17 technicians
because the planner can help leverage the work of 30 persens into the work of 47 persons
Tc! pl_nn the specific details of the conduit run in this case would be to violate Plnnning:
Principle 5. 'l"h.le planner violates Principle 5 in not recognizing the skill of the crafts. The
pianner also violates Planning Principles | and 4. The planner violates Principle I when
the p]anper docs_ﬁeld work the crew should do. The planner violates Principle 4 because the
pll_mner is not quickly using a planner’s expertise to estimate a job. Consequently, the planner
might not plan all the backlogged work. The domino effect starts. Not getting all the work
plarned leads 1o not being able to schedule enough work for a crew for a week. Thus the
crew does not have a goal of work to complete. In addition, an excessive amount of
unplanned jobs causes a multitude of problems. It frustrates the crews if the crews are not
allowed to have it. If they are allowed to work on unplanned work, it is not only less efficient
but there is an excuse not to do planned work. ‘

One of the reasons the electrician example ended up as a problem may be -
ception that pl;mning takes care of all paperwork. Thispinclud[::s the time ybcfo:':: f::rlisdee[:e:n
after a job. This reasoning is false because planning is supposed to add value to the main-
tenance process, ngt_jusl do something that someone else used to do. There is nothing
wrong w"l.' a tet_:hmcmn doing some paperwork before the job such as figuring how to field
run conduit. This particular job might not require a drawn conduit run at all. Technicians
ﬁlhng out papetw_ork for feedback after a job is essential to the whole planning concept. It
provides _the basis for improvement on subsequent jobs. Paperwork is not a criteria
involved in deciding how much detail to put into a job plan.

Skettfl'ung or drawing is a particular concern. Planners may need to provide plant
:hemnucs or other engineering drawings as attachments to jobs. However, planners
3 ould rarely have to draw diagrams themselves unless they have a gift for sketching.
d:mcl planne‘rs can make sketches to illustrate job needs faster and better than they could
sk:fcl}ut: l:: :|otl: in words. On the other hand, many plz_mners have felt required to provide
We‘r;}:.lnncc é]:s a:y \?ﬁ‘hen the planners were not talented in drawing and the sketches simply

¢ planners must respect the skills of technicians. This allows planning all of
:l'he planner must also consider other plant jatist fng. This pen t'hc Wfll"k-
mgg'e B rits om sociain jobs specialists when planning. This permits atiliz-
1gure 5.8 shows the earlier example work order after the planner deci
of the job and adds the necessary leve! of detail to describe thg steps ofe :;:: ‘;z;,.n g

CiM Ex. 1001 Page 52




5.22 CHAPTER FIVE
i WORK ORDER #(01235
il REQUESTER SECTION Priority R2

#2 Control Valve B Strainer (N02-FC-003) has higp
- pressure drop. Def. Tag 4010304. No outage required.
! Needs mech crew. Clearance Req. No Confined Space.

I J. Smith 4/21/98 3:00pm,, poeOVAL: S. Brown 4/21/98

PLANNING SECTION

Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.

Replace gasket if needed

CRAFT FEEDBACK

]

_ APPROVAL:
Plan Type RE Group/Syst FC  Crew 1-2
CODING Wg;lk y;e 5 Equl]lJJ Type 18 Outage 0

FIGURE 58 Woark order after the planner completcs scoping and adds the appropriate level of job
step detail.

CRAFT SKILL LEVEL -

Planners designate craft s

appropriate jobs matching the skill levels possessed by each crew. It also allows crew
the job plan, schedulers and supervisors do not have to thoroughly read each work order.

and decide for themselves which crafts the jobs require.

kills needed on job plans. This allows schedulers to select the

supervisors to determine to which persons to assign the jobs. With the crafts specified bY
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The planner also plans each job to allow the lowest qualified skill level. This increases
the flexibility of the schedulers and supervisors in selecting or assigning the work.
Different jobs require a different minimum craft skiil level. If a centain job could be done
either by a junior mechanic or a centified mechanic, the job plan would not want to specify
a certified mechanic. That would limit the choices for who could do the work. On the other
hand, the planner could not specify a trainee who would not have the minimum skill levels
necessary (o be qualified for the job.

The designation of crafts and skill levels provides for communication from the planners
1o the schedulers and supervisors. The planners, schedulers, and supervisors must have a
common understanding of the terms used.

The following designations have been adopted for the purposes of illustrating the
selection of crafts and skill levels in this book. All of the maintenance departments at
the plant understand what each designation means when it appears on a work order from
planning.

Trainee: Any person newly hired in the maintenance, but not yet enrolled in an appren-
ticeship program.

Mechanical trainee: A person newly hired in the mechanical maintenance craft, but not
yet enrolled in the apprenticeship program.

Electrical trainee: A person newly hired in the electrical maintenance craft, but not yet
ensolled in the apprenticeship program.

I&C trainee: A person newly hired in the instrument and controls maintenance craft, but
not yet enrolled in the apprenticeship program.

Apprentice: Any person enrolled in the apprenticeship program for one of the mainte-
nance crafts. These persons are normally nat assigned work by themselves when the pri-
mary objective of the plant’s apprenticeship program is for them to learn alongside higher
skilled technicians,

Mechanical apprentice: A person enrolled in the apprenticeship program for the
mechanical maintenance craft.

Electrical apprentice: A person enrolled in the apprenticeship program for the electri-
cal maintenance craft.

I&C apprentice: A person enrolled in the apprenticeship program for the instrument
and controls maintenance craft.

Helper: Anyone. This designation is used if the job does not require any special skills
outside that of an adult maintenance employee. This person could possess only the skills of
2 new trainee, but may also possess the skills up to any certified technician. The planner
will use this classification alongside that of a more specific craft skill to indicate that the
primary need is for an extra set of hands. The planner may also require only helpers on a
job. This does not mean the supervisor would assign two apprentices, but that the job does
not require any specific skills.

'Te_chnician: Thus far, this book has used this term to mean anyone in the work force.
This has allowed the illustration of the principles of planning without unnecessary details
of craft skills. However, in the use on particular job plans, this term means a person that has
passed the apprenticeship programs in one of the craft areas. The term also implies a measure
of responsibility and accountability. The plant would normally hold a technician account-
able rather than an apprentice for the results of a particular job.

Mechanic: A mechanic technician. In this plant, the mechanic possesses a certain
Bmount of structural welding skills arfd light machining skills.
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. Welder: A welder technician able to do high pressure welding.

| '. Machinist: A machinist technician able to perform most machine work for the plant.
Painter; A painter technician.

Electrician: An electrical technician.

_ |&C technician: An instrument and controls technician.

| Lab technician: A technician that works in the plant laboratories.

I Certified mechanic: A mechanic technician who has gained special experience,
| knowledge, and skills in the mechanical craft. The plant has given this technician the extra

il privilege and responsibility of being able to stop certain jobs in the field whether or not
| assigned to them for quality concems.

Certified welder: A welder technician who has gained special experience, knowledge,
and skills in the welding craft. The plant has given this technician the extra privilege and
responsibility of being able to stop certain jobs in the field whether or not assigned to them
for quality concerns.

Certified machinist: A machinist technician who has gained speciul experience,
knowledge, and skills in the machining craft. The plant has given this technician the extra
privilege and responsibility of being able to stop certain jobs in the field whether or not
assigned to them for quality concems.

i Certified painter: A painter technician who has gained special experience, knowledge,
and skills in coating and corrosion. The plant has given this technician the extra privilege
and responsibility of being able to stop certain jobs in the field whether or not assigned lo
them for quality concerns.

Certified electrician: An electrical technician who has gained special experience,
knowledge, and skills in the electrical craft. The plant has given this technician the extra
privilege and responsibility of being able to stop certain jobs in the field whether or not
assigned to them for quality concerns.

Certified I&C technician: An 1&C technician who has gained special experience,
knowledge, and skills in the instrument and controls craft. The plant has given this techni-
cian the extra privilege and responsibility of being able to stop certain jobs in the field
| whether or not assigned to them for quality concerns.

Certified lab technician: A laboratory technician who has gained special experience,
knowledge, and skills in the laboratory. The plant has given this technician the exira privilege
and responsibility of being able to stop certain jobs in the field whether or not assigned to
them for quality concerns.

Using specific craft and skill designations provides a common ground for discussions and
reduces misunderstandings. Commonly used terms can be agreed on if they do not represent
specific labor classifications used by payroll.

Figure 5.9 shows the addition of craft skills to the work order. The planner has determined'
that the job requires two persons. One person must possess at least the skills of a mechanic
technician. The other person could be anyone to assist the mechanic.

ESTIMATING WORK HOURS AND JOB DURATION

Work hours (or labor hours) are the actual craft personnel hours that technicians later enter
on personal time sheets and job duration is how many hours the job lasts. Consider & pump
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WORK ORDER
REQUESTER SECTION #lgngﬁltyzgs

#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm,, pppoyAL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor: 1 Mech
1 Helper

CRAFT FEEDBACK

___ _APPROVAL;
CODING Plan Type RE Group/Syst FC Crew 1-2
Work Type 5  Equip Type 18  Outage 0

FIGURE 59 Work order after the planner determines the craft skill level required.

job that lasted 2 entire days and had two persons working 10 hours each day. The work hours
would be 40 hours and the job duration would be 20 hours. Note that for job duration, only
calendar time when someone was working on the pump applies. The estimated work hours

‘and job duration are necessary to schedule the work efficiently.

Operators need the duration information to know how long to expect equipment should

. stay cleared and unavailable. The job duration is also useful when considering what work

could be completed in a short outage situation. Consider a short outage that suddenly
occurred and had an estimated length of 24 hours. Any backlogged outnge job with an esti-

. Mated job duration of equal to or les$ than 24 hours should be considered.
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| : The planner uses the work order form to write the estimated work hours for each job.
| I The planner specifies the number of persons and the work hours for each person estimated
| 1l for the work. Then the planner totals all labor hours on the work order form. The planner
1 also specifies the estimated job duration hours on the form.
| The planner develops the work hours and job duration estimates from personal judgment
| and consultation of the minifile in most cases. The previous jobs in the minifile are helpful,
1 but the planner is not restricted to using previous estimates or actual hours reported. The
planner is attempting to estimate the hours reasonably required by experienced craftpersons
i without unexpected delays.
| Experienced craftpersons means that the planner should plan the job time estimate for
! a good technician, not the average technician, not the slowest technician, and not the
| fastest technician. There is no way that the planner knows to whom the supervisor will
assign the job. The supervisor may assign the job to the worst technician, an average tech-
nician, or the fastest technician on the crew. For whom should the planner plan? This
' entire consideration is essentially the same as for technician skill level where Planning
Principle 5 recommended that the planner respect the skill of the crafls.

Estimating the time of each job for the slowest technician means adding a lot of extra
time to every job. When every job is planned this way, the planner allows too much time
that most technicians do not need. Instead of planning a job with the slowest person in
mind, the planner plans knowing that although the slowest person may need extra time, the
help may not come from the plan itself. These technicians might get extra help from being
assigned to jobs where a more capable technician is also assigned to the same job. The
supervisor may spend more time on the job with a technician in a coaching role. The super-
visor may choose to give this technician the extra time that the technician requires.

On the other hand, estimating each job's time for the average technician has probiems.
Average means probably as many technicians in the same classification need more time as
need less time. In addition, one might think there is a small standard deviation away from this
average or mean. That is, on the whole, most of the technicians in the same clessification
possess about this mean level of capability. This is a very dangerous presumption that may not
be true. In many organizations, the skill level widely varies within a single classification. There
is no large, single aggregate of persons with a similar capability. Out of a group of 20 techni-
cians, the more realistic case may be two or three near the bottom, three a litule faster, a couple
above them in speed, four above them, three considered decent, three considered good, and two

' or three technicians who can do almost anything quickly. To complicate mafters, the general
hierarchy changes with respect to different types of work within the classification. The
absolute slowest technician with respect (0 pumps may be quite decent with respect to valves.
Two of the decent technicians with respect to valves and piping may be quite deficient with
regard to rotating equipment. So the fastest technicians in some respects could be the slowest
\echnicians in other respects and there may be only an illusion of what average means.

One problem of planning all jobs for the average technician is similar to planning all
jobs for the slowest technician. Although the planners can estimate less time than if they
were planning for the slowest technician, the planners are still allowing more time than
some persons need.

The most significant problem is that there is no standard of what time a good job should
take if all jobs are planned with average in mind. If maintenance assigns a job, the company
has some profit motive in mind. The company wants good work and so does the technician.
What time should a good job take? Jobs planned for good technicians mean that technicians
pull their weight and a liule more. They are not just keeping up with the sled. Jobs plmﬂﬂ_d

skills. Planning for the level of a good technician gives the crew an idea of how good it I5-
‘Why should planners not plan all jobs for the fastest technician? There are some problems

for good technicians set a time standard for all technicians by which they can judge their

associated with planning jobs for the fastest technician, namely schedule realism. For one
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thing, the supervisor needs some accuracy to schedule work. The estimates also set time stan-
dards. The time standards should allow average technicians to rise to the challenge to do a
good job. These challenges and the scheduling are not practical if afl jobs were planned for
the fastest technician.

How do planners know how much time a good technician needs on any particular job?
Plann_er‘s cannot know unless they are at least good technicians themselves. By putting a best
technician in planning, management assures itself that the planners can easily judge different
jobs and assess what time frames and details should be needed by a good technician.

In addition, having a superior technician as the planner gives the job plan credibility.
This helps when the supervisor finally assigns a planned job in the field. The field techni-
cian presumes the job plan to be practical and does not second-guess the standard.

Another consideration is that of job delays with wrench time. Although proper planning
and schet‘iuling helps produce high wrench time, the planners do not consciously consider
wrench time when estimating jobs. The planners simply estimate each job without unex-
pecied delays.

Without unexpected delays means the planner should consider including break time, but
not time to find unexpected parts, tools, or instructions that were not identified by the planner.
Jobs that take longer or shorter than estimated should be identified by the craft personnel
reporting what happened on the work order form. These comments help guide the planner
reduce delays on future jobs. The planner may be tempted to put in an extra hour in case
problems arise. If the planner autornatically included time in the estimate for unexpected
delays or inexperienced craft personnel, actual delays or problems may not be reported if
the averall time estimates were met. The preceding discussion addressed slower techni-
cians, but not other type delays, Even the best pianned jobs can run into unexpecied problems.
If 2 job runs over or under the estimated time, it is not as important as if crews become better
each time they do the job. Crews become better each time doing the job with planning
around expected delays. The planner anticipates some delays from personal experience, but
the best source of delay information on any particular job for any particular equipment is
from its equipment file. The ptanner can look in the file and readily see that previous jobs
!'equired an extra gasket. So the planner includes having an extra gasket in the job plan. This
improvement would not be possible if the use of an extra gasket had never been reported
by the technician. Having the time estimated for a smooth job (no unforeseen problems)
obligates the technician to explain and record unusual circumstances that slowed the job.
Therefore, planners should not include miscellaneous extra time in job estimates.

_Thcrc are also other reasons to include only the amount of time planners actually
estimate the job should take. The time estimate helps explain the job scope. For instance,
giving a technician a 10-hour estimate for a job that obviously should take no more than
4 hours may confuse the intent of the job plan. Consider a job scope that calls for chang-
ing the Iub.ri.canl of a fluid drive, but the planned estimate includes far too much time.
The technician may wrongly conclude the job includes changing all the filiers as
well. The estimate of only the actual time expected also gives the technician a reasonable
target 1o shoot for and keeps the work moving. In addition, many jobs go cxceptionally
well and end up taking less time than the planner imagined, so any extra time included
on estimates should be kept to a minimum.

Planne.rs should be mindful of avoiding the practice of estimating job durations by shift
hours. This practice might cause many jobs to be planned as 4- or 8-hour jobs when crews
work 8-1'!our shifts or 5 or 10 hours when crews work 10-hour shifts. This needlessly adds
.!‘lon:s to jobs and reduces the schedulers’ ability to put small jobs in schedule gaps. A 3-hour
Job ;hould.blc planned for 3 hours, not 4.

pspecia word concerning breaks and startup or wrapup time is appropriate. The plan-
ml:ts estimates do niot have the precision to be unnccessmgly worried alggull;uch detzu'ls'.)The
- planners figure that 10 hours of work ean be accomplished in a 10-hour day. Planners usually
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consider there would be no breaks in short jobs, but one or two breaks in longer jobs during
a single day. Similarly, the planner might realize there is a certain amount of time lost in start-
ing up or wrapping up at the beginning and end of shifts, Plans for a short job do not make
special provision for these times, but plans for longer ones might. On the other hand, job plans
should recognize that time might be required for cleanup at the end of certain jobs regardless
of size.

Finally, one must remember that even before management ever initiates planning and
scheduling, a quality focus must be in place. Technicians must not feel they must meet a
limited time estimate rather than do good work. Planning pushes so hard for productivity
that the work force must have adequate concem for quality.

Figure 5.10 shows that the planner of this example work order estimated 5 hours for each
person. The planner estimated the total job to require 10 labor hours and 5 duration hours.

PARTS

The identification and coordination of parts or material is an area where the planner can
greatly help improve craft productivity. Although scheduling information provides
the greatest planning help to maintenance, planning’s help with parts is the most visible.
This is the reason most organizations begin planning departments. The offer of help with
parts usually encourages technicians to accept planning.

On the other hand, the advertised idea that planning will identify all future pans severely
hinders the accomplishment of the planning mission. Planning cannot gather all parts infor-
mation before all jobs, The technician’s idea of that purpose which planning does not fulfill
gives planning a poor reputation that hinders later cooperation from technicians, The vital
role that planning fulfills is to save and retrieve parts information that the technicians have
previously gathered. This is how planning helps future jobs. Management should first
introduce planning properly to avoid later misunderstandings.

The intent of planning with regard to pasts is to identify them and ensure their availability
before the job begins. The planning department may also stage certain parts to reduce delays
in technicians having to gather them. As with job instructions, the planners reduce potential
job delays when the work order plan identifies parts because the technician does not have to
make extra trips to procure them later after the start of a job.

To identify the parts a job requires, a planner first consults the equipment’s minifile to
review previous job requirements or problems, The plans and feedback from previous jobs
conlain most necessary parts information. Other material in the minifile may contain lists
of possible parts, If the necessary information is not in the minifile, the planner may be able
easily to identify the parts necessary in the inventory catalog or listing. The planner might
do this even for reactive jobs if there is time. On proactive jobs, the planner might spend &
considerable amount of time searching the plant’s other technical files or vendor files. The

planner makes sure to make a COpY of any helpful information found to put in the minifile.

The planner writes down the information for needed parts directly on the work order
form. The planner should identify only anticipated parts within the plan itself on the work
order form. By only identifying anticipated parts within the work plan itself, the plannet

helps clarify the job scope. However, many jobs may need additional parts other than that
first anticipated, The planner should include the identification of other pants that there may
be a fair chance of using, This allows the technicians o obtain them more quickly if ;
The planner may identify these parts lower on the work order form and not necessarily
within the plan of the anticipated work.

Even if there have not been delays on previous work, including a parts list in the planned I

package helps the technician understand the equipment and be ready for procuring unan:
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ticipated parts. The planner might attach a list of all pasts the equipment uses if the list is
readily available. The planner attaches a copy of this list to the back of the work erder form.
The planner never sends the original out in the field. The planner also makes a note on the
work order form identifying attachments. This note helps the technician know there should
be atlach.menls in case something becomes lost. It also helps the planner account for
returnf.d iterns at the end of the job. The planner would not attach a complete parts list
for a simple job that would definitely not need any of the parts on the list. This would simply
encumber the technician with extra paperwork.

WORK ORDER

REQUESTER SECTION #gn(gnltyz 1325
#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm, pppovAL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor: 1 Mech 5hr Total labor 10hr
1 Helper Shr  Job duration Shr

CRAFT FEEDBACK

APPROVAL:
CODING Plan Type RE Group/Syst FC  Crew 1-2

Work Type 5  Equip Type 18  Outage 0

FIGURE 5,10 Work order aficr the planner estimales the time required.
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Once a job begins the planner is no longer responsible for helping identify any necessary
parts. The responsibility then falis on the crew supervisors and technicians. These persons
may use any available resources including all the files in the planning department. They
must record parts information uncovered during job execution as feedback on the work order
form to help future work.

Equipment Parts List

Information on parts that equipment might require comes in many forms. Lists of parts are
known by different names such as part breakdowns and bills of material. Manufacturer
“exploded view diagrams” or illustrated views showing how the different parts fit together
are extremely useful,

The specific work orders from past jobs contain parts information either in the plans or in
the feedback. Numerous repetitions of previous jobs develop a thorough listing.

The planner might use a parts form to record in one place the identification collected from
previous work orders. Such a form is shown in Chap. 7, Forms and Resources Overview, for
planners to include in minifiles when they create them.

If there is a standard plan as shown in Chap. 7 for a particular piece of equipment, it
might contain a thorough listing of parts.

The storeroom inventory might be arranged by equipment number or contain a comparable
sort. In addition, the CMMS computer system inventory module might automatically record
the previous use of parts by equipment, This would provide an ongoing development of & parts
list for each piece of equipment as maintenance works on jobs. Unforunately, many CMMS
inventory modules do not provide this automatic feature because they presume the plant has a
complete set of parts lists for all its equipment. The modules primarily concem themselves with
tracking quantities on hand and reservations for specific work order numbers.

When the company purchases new equipment, the equipment normally comes with an
O&M manual showing a breakdown of parts. In addition or instead, the O&M manual
might contain a list of recommended spare parts. Planners must insist on receiving these
manuals when new equipment arrives. Planners should then create the appropriate minifiles
1o facilitate their use. If the planners merely place the manuals on the technical file shelves
without sorting the information into minifiles, later efforts will be hindered. The planner
may later find the manual to contain information for all the manufacturer's models and the
planner will then be faced with an additional identification task.

Equipment sales proposals or negotiation notes may contain listings of proposed
spare parts. A\

The planner might obtain lists of parts from vendors or manufacturers.

Management might initiate a project to gather parts lists from vendors and manufacturers.
This effort could involve the identification of desired equipment, the collection of the lists,
and the insertion into the proper minifiles. The project might involve plant engineers or
other technical specialists. Management might choose to involve contract labor.

Management might also choose to use field technicians to gather the data. Including tech-
nicians would facilitate their acceptance of the planning file concepts.

Purchasing

Sometimes a planner finds that a part necessary 10 execute a job is unavailable, The plannert
is responsible for all planned packages that are waiting for material. This material may be out-
of-stock inventory items being ordered by the storeroom of nonstock items to be ordered by

the planner. For nonstock items, the pianning department is responsible for procuring the part..
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The planner identifies on the work order form nonstock items that the planning depart-
ment procured. The work order identification would normally name the item and describe
where it was placed or staged after the plant received it.

The planning department has to include a purchasing capability or some method to
procure parts. This purchasing capability may involve close coordination with a company
or plant purchasing department. {In some companies, planning itself may be a department
within the plant purchasing department.) Planning may also be able to purchase some
material through direct vendor contact and purchase orders. The planning department
might control several blanket purchase orders set up by the purchasing department to
allow planning to buy certain material with a minimum of paperwork and administration.

When nonstock purchased material arrives at the plant, the planning depariment verifies
that the shipment contains the proper material and makes the work order available for
scheduling.

Many planning depariments employ a separate purchaser or expediter to handle most
of the purchasing coordination duties. This allows one or two persons to develop more
familiarity with the company’s purchasing requirements. This familiarity helps the person
push through urgent work requests faster through the system if needed. In addition, this
person might contribute to the planning department by having a special talent for find-
ing parts that are difficult to locate. On the other hand, the planning department might
prefer that the planners locate the desired parts and initinte the purchase. The purchaser
would be more of an expediter 1o complete the details of the transaction and ensure the
timely arrival of the material. Having a separate person might take an administrative
burden from the planners.

In addition, once a job is in progress, the craft supervisor is responsible for procuring
any parts that were unanticipated during planning. If the storeroom does not have these
parts, they must be purchased. The planning department does not want supervisors (o
interrupt planners, but recognizes that a specialist might best handle purchasing. Having
a separate person in planning that the supervisors can access for purchasing might allow
resolution of both concerns. The supervisors could receive help, but not interrupt the
planners.

A planner also needs to spend considerable time in the field. A planner spends time in
the feld to scope work as well as to inspect jobs-in-progress. Looking at jobs-in-progress
allows the planners to increase their feel for the degree that jobs proceed according to plans
and the completeness of feedback. On the other hand, a purchaser frequently needs to be
available to accept return phone calls from vendors. Having the purchaser separate from the
planner may facilitate these different planning department needs.

A plant might consider having a separate person to handle some purchasing duties under
the following circumstances:

1, There is a lot of bureaucracy or complexity in the purchasing precedures.

2. Maintenance has a person available with the special talent required.

3. The planning depariment is Fairly large and has more than three or four planners.
4. There is a continual receiving of shipments that must be inspected and staged.

5, There is a coptinual nced o spend time verifying that parts will be compatible with the
system or existing standards.

6. Planners are each planning for 30 technicians rather than 20.

3 In general, the purchasers would either be responsible to or report 1o the planners,
.C{!penksdmg on their duties, the purchasers may not necessarily have to be technicians.

erks may be qualified 10 serve as purchasers. Appendix F includes an overview of these
' Purchaser or expediter duties. .
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Storeroom, Reserving, and Staging

In addition to naming any parts on the work order form, the planner also records the
storeroom identification or stock numbers, This precisely identifies the material to avoid
possible misunderstanding or delays at the storeroom. The technician presumes any
planned part with a stock number is kept in the storeroom, The planner identifies which
storeroom stocks the material if the piant has more than one storeroom.

Next the planner reserves anticipated parts in the storeroom and marks the planned items
as “Reserved” on the work order form, Reserving parts means that the planner has piaced a
reservation on an item with the storeroom. This action ensures that the storeroom will not
run out of the items before maintenance executes the particular job that had a reserved part.
The storeroom uses the work order number to identify the reservation requirerent.
Normally the planner reserves parts that the plans require from the storeroom even if the
storeroom has an ample supply of the items. This allows the storeroom more timely notice
of the consumption of parts and helps it prepare for replacing inventory. The planning
department also develops good work habits by reserving most parts. There are certain parts
that the storeroom keeps in limited supply and the reserving of parts on a routine basis
reduces the possibility of overlooking their reservation. Otherwise, a technician may start a
planned job and find that a planned part is unavailable.

One common problem plants encounter is not experiencing a high stockout rate when, in
fact, the storeroom frequently does niot have enough parts the planner or technicians seek.
Stockouts measure how many times the storeroom is out of an item that the plant currently
requires. Stockouts do not necessarily measure that a storercom is either out of a material or
has a less than desirable quantity on hand. The discrepancy is caused by the planners or tech-
nicians not reserving parts or requesting pick tickets for items that are out of stock. When a
planner sees that there is no desired item available, the planner will often plan the job another
way. For example, a planner may change a plan to replace a valve bonnet to replacing the
entire valve because the storeroom is out of bonnets. A technician may change the exccution
of a job in the same manner. Because no one ended up requesting the deficient part, the plant
never experiences a stockout. Therefore, the planner and technicians should always reserve
the parts to cause a stockout even though the planner and technicians alter the jobs. In this
manner, the jobs are planned and executed expeditiously and the storeroom receives the
appropriate signal to have enough quantities on hand in the future.

Another related problem is the storeroom having parts reserved for jobs that maintenance
has already completed. This is usually caused by technicians requesting parts at the store-
room without informing the storeroom of a previous reservation. The technician receives the
requested item, but the storercom docs not reduce the reservation quantity. The storeroom
handles this problem by checking work order numbers for previous reserved Parts when issu-
ing parts to technicians. The storeroom should also check completed work order numbers
against outstanding part reservations occasionally and canceling the reservations.

Next the planner stages any appropriate parts and marks on the work order form which
items are “staged” and where. If items will not be staged until later, the planner does not
mark on the work order form. Those items will be marked later when staged.

Staging is done for the same reason the operations group clears equipment ahead of
time: to avoid delays. A plant does not desire for a crew to stand around waiting for
operators to clear a piece of equipment. Similarly, the plant prefers & crew not to stand
around waiting for a part or tool to begin a job if the item could have been provided
ahead of time. The provision of the tool ahead of time is referred to as staging. Staging

goes beyond reserving items in the storeroom or 100l room. Staging places the items in

convenient locations for the technicians. These eonvenient locations reduce the need for
crews to make more lime-consuming arrangements or side trips to gather the items.

The planning department always stages special purchased parts that inventory did not

carry. The planner must note on the job plan where these parts were placed after their receipl.
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It may be more appropriate for supervisors or schedulers to determine whether parts
slllould be staged based on scheduling concerns. Therefore, the next chapter on scheduling
discusses guidelines to assist planners determine the need to stage parts. These guidelines
are summarized in App. A.

Figure 5.11 shows an example work order after the planner has determined the necessary
parts. In the equipment’s minifile, the planner found that a previous job identified the gasket
s‘(ock m!mbcr. Because the job was reactive, the planner would not have otherwise spent much
time trying to deterrnine a gasket number if it had not been readily available. The planner noted
the gasket's price when reserving it and wrote the necessary information on the job plan.

WORK ORDER
REQUESTER SECTION #gngr}tyzgzs
#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm, pproyAL: S. Brown 4/21/98
PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor; 1 Mech 5hr Total labor 10hr
1 Helper Shr  Job duration 5hr
Parts: Strainer lid gasket GSK-RR-130* Qty I Cost $10ea

*RESERVED

CRAFT FEEDBACK

CODING T Ré\PPROVAL:
an Type Group/Syst FC Crew 1-2
Work Type 5  Equip Type 18 Qutage 0

FIGURE 5.11  Work order after the planner determines the parts required.
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SPECIAL TOOLS

Similarly, special 10ols is an area where planners can help boost crew productivity by
reviewing past jobs in the minifile. A special tool is any device that would not ordinarily
be carried in a craft tool box. Examples are come-alongs, cranes, and shim packs.

The planner’s intent is to allow the technicians to gather all the tools they should need
before they first go to the job site 1o avoid extra trips later. As with parts and job instructions,
the planners reduce potential job delays when the work order plan identifies special tools
because the technician does not have o make extra trips to procure them later after the start
of a job, As with any trip, the technician’s leaving the job site delays the job and might not
consist of merely traveling to the tool room and returning with the proper tool.

Special tools might be kept in the tool room or other places. Certain tools may be available
in one of the craft shops. Other highly specialized tools may be kept at the site of the equip-
ment where it is normally wtilized. For example, one plant has a special bar that is used to
apply enough torque 1o unbind a particular control valve. The plant keeps the bar next to the
valve. One of the planner’s duties when scoping this job is to ensure the bar is there. Another
plant keeps a locker full of special tools to work on burner parts on the burner deck of its
unit. The planner should remind the technicians to retrieve the locker key from the tool room
when they perform work on the burners.

The primary source for special tools is the planner’s personal experience and information
from past jobs in the minifile. There also may be lists of special devices recommended by
manufacturers or vendors in O&M manuals. These lists should be kept in the minifiles once
they are found. The tool room might also employ a “job tool card” to keep track of 1o0ls issued
to jobs rather than individual technicians. This allows the tool room 10 issue Lools over a
period of time to larger jobs that might be conducted by several crews of technicians work-
ing alternating shifts. In these jobs and other jobs, it might be easier for the tool room to issue
the tools to jobs rather than individuals. On these jobs the planner should encourage the tech-
nicians and 100l rooms to provide copies of the cards after job completion to keep in minifiles.

Infrequently, the planner may also be able to help the technician avoid carrying an entire
toul box to the job site. For instance, a cerlain job may only require a flathead screwdriver. In
these cases (he planner would note that “job only requires™ the particular few tools prescribed.

The planner writes special tools on the work order form. The planner writes any special
identification numbers il the tool room has such a system. (As discussed later, the planner
also uses this section of the form to indicate if the job needs any contractors such as insu-
lators.) The planner also identifies any special tools that the planner staged in accordance
with the plant’s guidelines. Staging of special tools often helps crews avoid defays. Chapler
6 discusses staging. [

Figure 5.12 shows an example work order after the planner finished writing in tool
information. The technicians would take out the strainer and place it in the plastic bag. The
technicians would then transport it and clean it in the shop steam cleaning roam. The tech-

nicians would then replace the strainer and refasten the assembly. The technicians would
clean up the area and put the rags in the special hopper in the fuel oil room. The planner
needed only write down the rags, degreaser, and plastic bag as special 100ls.

JOB SAFETY .

Job planners never take job safety for granted. The planner first makes sure the originalion

section of the work order specifies whether the operations group must clear the equipment. =
The planner contemplates if there are conditions on the job site that will affect the safety Df:

personnel. For each special safety concem, the planner describes the necessary safety iSSues
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WORK ORDER
REQUESTER SECTION #Qng,}tyz 325

#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm}'\PPROVAL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor: 1 Mech 5hr Total labor 10hr
1 Helper Shr  Job duration Shr
Parts: Strainer lid gasket GSK-RR-130* Qty 1 Cost $10ea
Tools: Rags, Can of degreaser, Plastic garbage bags.

*RESERVED

CRAFT FEEDBACK

APPROYAL:

CODING Plan Type RE Group/Syst FC Crew 1-2
Work Type 5  Equip Type 18 Outage 0

FIGURE 5.12 Work order afier the planner determines the 100ls required.

on the work order form and stiaches or references any pertinent information, The planners
always ensure that any developed or researched information is copied to the minifile. The
planner may find useful information already in the minifile. This is one circumstance in which
a planner might do more extensive research on a reactive or minimum maintenance job.
r:hc::scalﬂm::r als::; c:;lnsidersf\lvhemer the job will be in a confined space or involve special
1 . As usual, the minifile becomes a repository to help scope jobs in this regard an
retain useful information. . S it g and

CiM Ex. 1001 Page 59



5.36 CHAPTER FIVE

Confined Space

A confined space is an area with a potentially dangerous environment regarding respiration.
The planner considers several questions regarding possible confined space work. Is it possible
this is a confined space? Is it possible the space requires continuous air monitoring and a hole
guard? Is there work to be done at intervals that will require special monitoring? Will the job
scope change during the repair affecting the conditions as permitted?

If the work involves confined spaces, the planner ensures that the work order origi-
nation information and work plan reflect this requirement to follow the established plant
procedures. The planner adds “entry supervisor™ or “hole person” to the persons required
section of the work order form.

Material Safety Data Sheets

If there are hazardous chemicals present on the job site, the planner writes or attaches the
necessary MSDS infarmation on chemicals present. The planner will write the process

necessary to protect maintenance personnel if necessary.
The Internet is becoming a useful source for accessing MSDS sheets for certain sub-

stances. A CMMS might also be helpful in this regard.

ESTIMATING JOB COST

At one plant the planning manager had the planners stop totaling up the cost for each work
order because no one was tracking it. This rationale misses the point of planning. The plamers
are one of the major users of this information. The planners should be able to see how much
past work on a piece of equipment has cost in order to make intelligent maintenance scope
decisions. If the past maintenance costs have been high, the planner can properly present a
case for expensive replacement equipment without resorting to such statements as “We
don’t know how much it’s costing us, but it's really hurting us.” Management cares about
bottom line cost. Maintenance professionals must learn the language of financial dealings.
Management desires realistic cost comparisons over opinions. Maintenance would rather
consider a case of “The old pump seals have cost $2000 per year to maintain, but we can
eliminate that cost with a new seal design for only $3000.” .

Any cost collection is bester than none. It is not legitimate to wait on the eventual installation
of a computer or CMMS to collect cost information. The cost information provided by work
plans is the first step in having useful data even if actual field costs are not gathered. This infor-
mation is accurate enough to guide the decisions that will be made, Whether a job cost $200 or
$400 is not as important as whether it cost $400 or $3000. The minifiles will show the trend and
magnitude of maintenance costs accumulating from multiple work orders as the equipment i
maintained, The minifiles cannot do this practically if the information is not estimated at the time

of the work. The information needs to be in a state where the planner can easily glance at previe

ous job costs as replacement equipment is considered. Engineers can go through minifiles

spend time occasionally to total up job costs for a few projects. However, planners must be able

1o see this cost data without strenuous effort as they plan routine maintenance jobs daily. ;
Another reason actual costs may not be critical to maintenance assessments is due to & phi-

Josophy of what the job cost. Consider a job that planning estimated for a single day, but™

through poor scheduling the job took 2 days to complete. However, the technician put 3 days

on a ime sheet because the crew supervisor did not assign any more work. Did the cquipmeat s

cost the company 1 day, 2 days, or 3 days of labor and unavailable equipment? The equipment
probably cost the company 1 day and poor maintenance practices cost the company 2 more

BASIC PLANNING 5.37

days. The reason the equipment cost only a single day was that was the job’s standard as estab-
lished b.y the planner. That was what the job should have taken. On the other hand, most
accounting systems and computer programs might attribute all 3 days to the equipment. This
is because they do not atiribute any cost to an inefficient maintenance organization. In addi-
tion, it is very difficult to establish on a job-by-job basis the cost to the company for lost
availability. Therefore most maintenance cost systems do not account for them on individual
work orders. Whether or not all of these differences are meaningful is beside the point. The
differences should not delay the collection of maintenance information. The rapid accumula-
tion of helpful job information will begin when it is started.

Another reason to show cost information on the job plan is to guide technicians when
working with parts. Certain low cost parts may not be practical for the technician to return
1o the storeroom when unused. Other small parts may surprisingly cost thousands of dollars.
These parts should be handled with more care than others, The technician can only make
these determinations when the planner includes price information on the job plan.

i The planner first calculates labor cost. The planner first uses a standard rate for all labor
., hours. This allows the planner quickly to add up the total cost of labor. It also reduces jenlousy
among different crafts and skill levels not to have actual wage information thrown in their face.
However, the use of some labor rate shows how much labor does cost the company and
1 encourages everyone lo become as efficient as possible. Using a standard rate for all labor

hours is justifiable. Maintenance decisions require an accuracy showing whether certain equip-

ment costs hundreds of dollars each year or thousands. The wage difference between a trainee

and a certified electrician will not skew data used for this purpose. In addition, the planner has
planned the job for the minimum skiil level without any certainty who will actually be
pssigned. Therefore the planning department uses a standard labor wage rate. (A CMMS might
easily allow using exact labor rates but caution should be used considering different crafis may
not appreciate seeing exact wage differentials.)

This book uses a standard $25 per labor hour to illustrate the concept of estimating labor
hours. This figure includes all wages and benefits that the company pays per labor hour. It
does not consider wrench time or administration time. It merely represents what the company
would pay to an employee each year in benefits and wages divided by the usual number of
hours worked each year on straight time. Job plans do not consider that jobs may be worked
on overtime. Overtime is more of a cost of scheduling or maintenance practice than
planning. This figure may not be appropriate for many industries or geographical areas.

The planner uses a standard rate of $25 per hour for each work hour and writes the labor
cost estimate directly on the work order form.

The planner then calculates the cost of parts. First, the planner only needs to include the
cost of parts that the planner anticipates the craft will use. Second, the planner determines
the cost of the items. The planner notes the inventory price when the planner reserves the
part in the inventory computer system, If the computer lists several prices for an item,
the planner uses the last purchased price since that is the actual cost to the company as a
whole. If there is no price information, the planner makes an educated guess. The planner
may also have the benefit of items identified with a price on a bill of material or other equip-
ment breakdown list. All of these sources are usually accurate enough for the purposes of
ﬂchlll.oost accumulation for equipment. The planner does not need to include ilems not
of significant value such as a few dollars worth of bolts. The planner should not tie up the
?:hmofxl?if a purchaser or paris expediter to determine routine cost information. The planner
e mum the parts expediter to provide the value for parts needing special purchasing
mﬂl rl: expediter orders the part. The planner includes the cost for all anticipated parts on
. imeu order fou:m. The planner writes the individual cost for each part and includes the
1 ___Ncost of parts in the total estimate for the job.

R ext, the planner considers the cost of special tools. The planner does not include a cost

a special tool unless the item is not available in the tool room and a special cost will be

E The cost for contracting out work would be included as a special cost. This chapter
S5¢s contracting work in the next section.
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The planner then totals all the cost estimates for labor, parts, and tools at the bottom of
the planning section of the work order form.
Finally, the planner informally consults the planning supervisor if the estimated cost is
over a certain amount established by a planning department guideline, $5000 for example.
The planning department has a guideline to scrutinize more expensive job plans to
determine if another strategy is advisable. Some persons may feel that this is an unnecessary
precaution. Their reasoning suggests that because the plant already exists, it must be
maintained. They reason that all jobs must be executed. However, the planner consultation
is not necessarily checking to see if the plant will execute the job. The planner consults to
see if a more prudent alternative exists. For expensive jobs, it never hurts to get a second
opinion. In addition, perhaps the plant should not execute the job after all. This plant
exists, not another plant. Sometimes employees request improvements to the plant that are
simply not advisable for a number of reasons. Many times the proposed task exceeds the
economic point of diminishing returns. There would be a benefit, but the benefit would
not outweigh the cost of the job. Identifying projects that would modify the plant is one
reason the plant classifies jobs according to work type. Project work adds capability that
was not had before; the plant or equipment is better than before. Projects must be carefully
weighed to see if they are good uses of the company’s funds. For major projects, most
companies have a project proposal and approval process, usually pet involving the planning
group. However, maintenance considers smaller project work continually. Sometimes the
classification is not very clear; a repair job to overhaul a broken pump may be planned to
include a better design impeller. These considerations occur daily in planning at the work
order level, and mechanisms need to be in place to guide routine maintenance work with

regard to expensive tasks.
Figure 5.13 shows the example work order after the planner finishes the job plan by

completing the job estimate.

CONTRACTING OUT WORK

A contracior is a company that the plant hires to do specific tasks. Different companies
have different strategies regarding contacting out work. Some companies prefer to usecon-
tractors as little as possible. Other compariies regularly contract work. Some companies are
themselves contractors using planning principles to increase their productivity, Normaily
other company divisions manage work done by contractors either as prgjects of genenl
contractor work. Occasionally planning must coordinate outside contractors for ordinary
work orders such as the setting of a safety valve. This section presents information for 8
planning department that has some interaction with contractors.

A word of caution advises management that planners and technicians sometimes fear that
the establishment of the planning department promotes contractor work. Their reasoning
suggests that the primary reason manageiment implemented planning was to create work
plans for contractors less familiar with plant equipment. Management might try to case this
worry by pointing out two things. One, planning should improve in-house efficiency so thats
contractors are less competitive. Two, Planning Principle 5 specifies that planners creale
plans for technicians that are familiar with plant equipment. The planner identifies and.
writes the cost for contractor work in the special tools portion of the work order plan.

Insulation

Presume for the purpose of illustration that a plant routinely contracts all insulation WG
This piant feels that the concern for asbestos and the need for special tools and materials (0
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WORK ORDER
REQUESTER SECTION #f?ngnltyz 525

#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm, ,ppovaL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.-
Replace gasket if needed.
Labor: 1 Mech 5hr Total labor 10hr
1 Helper 5hr  Job duration Shr
Parts: Strainer lid gasket GSK-RR-130* Qty 1 Cost $10ea
Tools: Rags, Can of degreaser, Plastic garbage bags.

*RESERVED
Planner D. Lee 4/22/98 Job estimate; $260

CRAFT FEEDBACK

APPROVAL:

CODING Plan Type RE Group/Syst FC Crew 1-2
Work Type 5  Equip Type 18 Outage 0

FIGURE 5.13 Work order after the planner estimates the total plan cost.

work with insulation makes using a contractor advisable. The coniractor also ili
. h
:&mtmnd down personnel levels faster than the plant. This is useful for pisﬁtgssa\lrllll;z
o Il t:lﬁt:tlmmre much insulation work. The plant has the insulation contractor under
e soomrect 1h L pays a speclﬁe_d.rale for insulation work.
| Srap olr . end_s 'uself to a minimum c_:f craft interference because the contractor can
bk s lrlll.\‘»sl.ll1 lzlnpn with the equipment still in service before maintenance work com-
:nﬂts w“:k e I:z:‘m contractor can later replace‘lhe insulation after maintenance completes
When insulftion returns the equipment to service. Scaffolding presents a similar situation.
B must be rcmovgd; the plan_ner puts the work order in the waiting-
work file. The planning supervisor (or another designated individual)
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coordinates the insulation contractor work and returns the work order to the planner after
the contractor removes the insulation. The planning supervisor gives the contractor’s cost
estimate for removing and replacing the insulation to the planner at this time. The planner
then proceeds to finish scoping or otherwise planning the work, if needed, and passes the
work to the waiting-to-be-scheduled file. The planner must exercise caution that necessary
equipment tags or job markings remain in place or are replaced in order to help the technician
later executing the job.

When the craft completes its work and the planner receives the work order back, the
planiner then makes a copy of the work order form. The planner places the copy of the form in
| the waiting-for-insulation-work file for the planning supervisor to coordinate the contractor for

' replacing the insulation. The planner uses the estimated insulation cost for the actual cost also.
The paperwork of determining the actual cost from the blanket work order used for insulation
1 is not practical. However, in unusual circumstances, the contractor informs the planning super-
visor of the actual cost. This information is returned to the planner for updating the minifile.

Other Contracted Qut Work

{| The planner handles on-site contractor work that is not routine or does not have special con-
| tracts in place the same way as purchasing nonstock parts. The planner has the planning
i department purchaser determine the cost and have the contractor ready to mobilize. The
| planner then puts the work order in the waiting-to-be-scheduled file with a note describing
what coordination is necessary for using the contractor. The maintenance scheduler initi-
. ates the coordination if advance notice is required. The crew supervisor makes any coordi-
| nation requiring less than a few days. The crew supervisor supervises the contractor on-site.
I The planner does not supervise contractors because that would interfere with future job
| planning and otherwise engage the planner in an activity that does not leverage maintenance,
Anyone from the crew would be spending an hour to supervise when the planner would
I have to spend an hour as well. There is no leverage from the planner. On the other hand,
il there is a leverage from the crew supervisor’s standpoint. The crew supervisor should be
: out in the field anyway so the crew supervisor supervising a contractor may not take any.
time. The crew supervisor should supervise the contractor, not the planner.

Plant engineers or technical specialists nomnally supervise or inspect contract work per-
formed off-site. However, some small jobs such as getting parts rebuilt might involve the
maintenance force. For getting parts rebuilt off-site for a job-in-progress, the crew super-
| visor coordinates this work through the tool room or through the purchaser for expeditet).

For rebuilding used parts after maintenance completes a job, the crew supervisor writes and

submits a new work order to rebuild and have the parts placed in stock. The planners would

then coordinate the work. Placing the responsibility to initiate follow-up work directly on:
the crew supervisor lessens misunderstandings resuiting in parts not being rebuilt.

CLOSING AND FILING AFTER JOB EXECUTION =

The planner now performs one of planning’s most important tasks. To move cac.h fumre
job up the learning curve, a planner must place information used or discovered duringajob
into the minifile. The planner completes the work’s actual cost directly on the \f’ork order.
form and updates any necessary minifile sheets. The planner places the original Work
order form in the minifile. When filing the work order form, the pianner sends a copy [0 the
planning clerk for updating the computer for job closure. The clerk subsequeptly orwWarks
that copy to the originator or otherwise notifies the originator of job completion.
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If the technician or planner has indicated on the wo i
equipment technical data has changed, the clerk sends a:lkezird: ::c'y-gﬂou:::: :ﬁ:?:ﬁ CI"-
neering c‘icparlment.'lf the plant keeps a single CMMS database for equipment design
mfon'natlon. the engineering department might not need information other than to rcvigse
drawings.

The planner needs to ensure that the necessary details of the a i i
clear enough to mainlajn the equipment damba:gmd help future wct[)l:?cl g:cz?;:;ifn lnhr:
planner must dig and dig to get good job feedback. The planner might need o consu[g;vith
the technicians or supervisors to clarify job details. A routine failure of a crew to report
fcedbgck must b‘e‘brought by the planner to the crew supervisor or planning supervisgr's
?nl;;g?:l:y I:le l:;d_cllt:gn, ilf the work order feedback indicated that maintenance made only a
e air, the planner may nee
e 1o a‘zl oner )sritua tf;l 0!: ensure that the necessary follow-up work orders

The followi i ideli !
should provicr:ng provides guidelines for adequate job feedback the craft technicians

1. Identify quantity of persons and specific craft and i
it el D and grade of each person. Identify the

2. Identify labor hours of each person. Give start and finish times of j i
. . of job. Expl i-
ance from the plan estimates if greater or less than 20%. ] ipiain any van

3. Thoroughly describe the problem if not accurately specified by the plan.

4. Thoroughly describe the action taken if the job did not proceed i
Report any special problems and solutions.J procced uecording to (he plar.

5, ldcnti_fy actual quantities of parts used and report stock numbers if not given by the plan.
6. Identify actual special tools used or made if not given by the plan.

7. Retum the original work order and all attachments i i
provided by planning. Include an
field ici :
1-_:1-0 ﬁz::je;‘ n:l;‘llretum any datasheets that the technician filled out whether or not planning
8. Return updated drawings.

9. Note any changes to equipmenl technical information such as new serial numbers and
model numbers and names. Return any manufacturer’s information or literature that
was received with any new pans being installed. This information is especially vital
and often cannot otherwise be determined to help future maintenance.

10. Include any other information such as bearing clearances (radial and thrust), wear ring

CIemce Shafl runout clemnce beﬂr"l p p
] ] g 1
1o ca CIB&IEI.IICCS cou llllg Cond“lon and

11, Make any recommendations to help future plans.

The plant might want to conduct a short, 1- or 2-hour training class for the mazin
wurfl:i force to describe the basic responsibilities of craft tcchnicifns for providing fe:]t:::(;f
givengtil:ii gltll( shows an exarpp!e work order after the crew has executed the work and
T, oo i:c to planning. Figure 5.15 shows the closing notes the planner made to the
e o update the work order form totals for time and cost, Figure 5.16 shows a
otk order an operator wrote 5 months later with a similar problem. Figure 5.17

ShDWS hnw ‘he p anner was ah e {0 use eedback rom llle l p p y
2 ] I f f .Ob com leled ICVI'Ousl to
,. J . . . . l

100ls to help the craft technician avoid an extra trip to gather an impact wrench and sockets

s ving at the job site. Notice that the planner did not change the plan for craft skill

O uired, i j i i
A h@lperr?g; . hou.ll'.:e planner still felt tl:nt the job required only a single mechanic with
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"WORK ORDER #(01235
REQUESTER SECTION Priority R2

#7 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm,, pprOVAL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor: 1 Mech Shr Total labor 10hr
1 Helper Shr  Job duration 5Shr
Parts: Strainer lid gasket GSK-RR-130* Qty 1 Cost $10ea
Tools: Rags, Can of degreaser, Plastic garbage bags.

*RESERVED
Planner D. Lee 4/22/98 Job estimate: $260

CRAFT FEEDBACK o
Cleaned strainer. Replaced gasket. Used 2” combination,

2” impact socket, and impact wrench. 2 mech-7 hours ea.
Job Started 4/23 7am. Finished 4/23 2pm.

C. Jones 4/23/98 APPROVAL; L. Vincent 4/23/98

G Plan Type RE Group/Syst FC Crew 1-2
CODIN Work ‘lY)if)pe 5 Equig Tgpe 18 Outage 0

FIGURE 5.14 'Work order ufter the crew execuics the job and provides feedhack.

SUMMARY
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WORK ORDER
REQUESTER SECTION #gn%yz ;?25

#2 Control Valve B Strainer (N02-FC-003) has high
pressure drop. Def. Tag #010304. No outage required.
Needs mech crew. Clearance Req. No Confined Space.

J. Smith 4/21/98 3:00pm,, popvaL: S. Brown 4/21/98

PLANNING SECTION
Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.
Labor: 1 Mech 5hr Total labor 10hr Actual 14
1 Helper Shr  Job duration Shr  Actual 7
Parts: Strainer lid gasket GSK-RR-130* Qty 1 Cost $10ea
Tools: Rags, Can of degreaser, Plastic garbage bags.

*RESERVED
Planner D. Lee 4/22/98 Job estimate: $260 Actual: $360

CRAFT FEEDBACK
Cleaned strainer. Replaced gasket. Used 2” combination,

2” impact socket, and impact wrench. 2 mech-7 hours ea.
Job Started 4/23 7am. Finished 4/23 2pm.

C. Jones 4/23/98 APPROVAL: L. Vincent 4/23/98

CODING Plan Type RE Group/Syst FC Crew 1-2
Work Type 5 Equip Type 18 Outage 0

FIGURE 5.15 Work order after the planner writes in the actual ficld cost for the history file

systems to implement effective planning. The next chapter presents the same level of detail
in describing the specific activities of advance scheduling and daily scheduling. Appendix
E narrates duties through step-by-step activities for the maintenance planner and App. F
does the same for many of the other persons involved in the planning process.

Seeing explicit descriptions of the steps a planner takes helps one understand how the comm-
pany actually conducts maintenance planning. The chapter described first the work ordcr
process and then the flow of planning activity within the work order process. As the dis-
cussion unfolded, a planner scoped and planned an example work order and‘lhc reasoning -
behind each step was explained. This chapter should allow companies to tailor thetr OWR:
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i WORK ORDER (02107 WORK ORDER 4002107
| REQUESTER SECTION Priority R2 REQUESTER SECTION Priority R2
i Unit 2 Catrl Vlv B Strainer (N02-FC-003) high Unit 2 Cntrl Viv B Strainer (N02-FC-003) high
' differential, needs attention. Def. Tag #037114. No outage. differential, needs attention. Def. Tag #037114. No outage.
! Mech crew. Clearance Required. No Confined Space. Mech crew. Clearance Required. No Confined Space.
| F. Balder 9/11/98 22m  , pprovAL: S. Brown 9/11/98 F. Balder 9/11/98 2am  ,pprovAL: S. Brown 9/11/98
| PLANNING SECTION PLANNING SECTION
'. Clean strainer positioned in front of the control valve.
Remove strainer element, clean, and replace.
Replace gasket if needed.

Labor: 1 Mech 5hr  Total labor 10hr
; 1 Helper Shr  Job duration Shr
Parts: Strainer lid gasket GSK-RR-130* Qty 1 Cost $10ea

Tools: Rags, Can of degreaser, Plastic garbage bags,
2” combination, 2 impact socket, and impact

wrench.
*RESERVED
Planner D. Lee 9/11/98 Job estimate: $260
CRAFT FEEDBACK CRAFT FEEDBACK
: APPROVAL:
APPROVAL;:
CODING PlanType RE ~ Grouwp/Syst FC Crew 12 CODING flanType BE Crowp/bvs [ Gliage o

ype 5 Equip Type 18 Outage 0

FIGURE5.17 New work order afier the planner improves the job plan with feedback from previous
work on equipment.

FIGURE 5.16 New work order later on sam i igi
FIGURE > e equipment after the originator completes the
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CHAPTER 6
BASIC SCHEDULING

| | || This chapter continues the nuts and bolts of making the planning system work with regard
i to scheduling. The chapter shows exactly how 1o do the scheduling.
In actual practice, it may be helpful to note that persons may consider scheduling a
1 somewhat vague term. To be more precise, advance or weekly scheduling means a sched-
h H| uler aflocating an amount of work orders for a week without setting specific days or times
i to begin or complete individual work orders. Likewise, daily scheduling means a crew
| supervisor assigning specific work orders to specific individuals to begin the next day. A
| maintenance group uses both weekly schedules and daily schedules. This chapter describes
the activities to accomplish weekly and daily scheduling. In addition, the chapter covers
how maintenance personnel stage material and tools. Although this book focuses on rou-
tine maintenance, the book also explains key scheduling concepts behind successful out-
ages. Finally, the chapter compares and contrasts the concepts of scheduling with the
concepts of quotas, benchmarks, and standards.

WEEKLY SCHEDULING

The scheduler performs most of the tasks of advance scheduling. The scheduler first gathers jobs
from the waiting-to-be-scheduled file and any work returned from the previous week’s schedule,
The scheduler then allocates them into each crew’s work hour forecast for the next week. The
scheduler allocates jobs by work order priority, then number of work hours, but also makes other
considerations per the scheduling principles. The scheduler utilizes scheduling worksheets for
assistance. The end product is a package of jobs that the crew should be able to complete the next
week. The scheduler then delivers the jobs for each crew to the crew supervisor. The scheduler
also sends a copy of each work order that will need intercraft coordination to the supporting craft.
Each day the crew supervisor makes the daily schedule mostly from the work orders allo-
cated in the weekly schedule. The crew supervisor assigns work to individual crew members
based on the current day’s activities and progress on work. The supervisor attends a daily
scheduling meeting with other craft supervisors and the operations group representative to
- coordinate work for the next day. Near the end of the week, the crew supervisor retumns to the
- scheduler the jobs that he or she does not expect the crew to start that week. The scheduler
then considers them for inclusion in the advance schedule then being prepared.
- Here are the step-by-step actual activities for weekly scheduling. This is the type of
Physical process which must be understood and which a computer CMMS would mimic.

Forecasting Work Hours

Each crew supervisor forecasts the crew’s available work hours as the first step in the
&dvance scheduling process.

L]
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| | Thi‘s activity lasz place near the end of the work week._usunlly at the _beginning' of the
I_,'|'- o ho i ksl b gt Fot i i or CREW WORK HOURS AVAILABILITY FORECAST
IL’-| °’°‘§é’£i“u‘,‘é°3§?3? e otk ‘fﬁef,"?h’idi’ﬁeﬁ?ﬁﬁf'ﬂf;”i erew Work Hours Availability Forweekof: _/ /_to_/ /
' | Forecast worksheet (shown in Fig. 6.1) to each crew supervisor. Taking the availability fore- For crew: By: Date: [ /

| cast worksheet to the supervisors impresses upon the supervisors that next week they will be
h | responsible for completing the amount of work for which they have labor. They are involved
| in the process. The scheduler is only helping them determine how many and which jobs

|I | 1 should be selected from the backlog. .
| The Crew Work Hours Availabitity Forecast worksheet has blanks to guide the crew Craft #P Paid . . Carry- Avail
1 | supervisor in determining how many hours each craft level has available, This section and = ersons Hrs Leave Train Misc over* Hrs
i the following sections illustrate the crew supervisor’s use of this form. <40= _ -
I'! The crew supervisor fills out and returns the availability forecast worksheet as soon as - ; -
i possible after receiving it from the scheduler. The supervisor receives the forecast work- x40= = - - - =
\ sheet from the scheduler at 8 am. The crew supervisor should already have an idea of who x40= - - - _
I.i will be in training and who has requested vacation for the next week. On the other hand, the - =
b supervisor may need to check on jobs currently in progress 10 determine which ones the x40= - = - - =
\ crew will probably not finish this week. Those jobs will need carryover hours reserved for x40= - - N - .
i them next week. In addition, the supervisor needs to assess which new jobs the crew will -
1 | start today. Some of these jobs might be finished or might also run over into next week, One x40= - - - - =
1 thing the supervisor does not plan for is unexpected absences. Scheduling is not based on x40= - : - - l
| the unexpected. The supervisor may Jater use unexpected absences that occurred to explain -
| why the crew did not meet 2 schedule. When the crew supervisor finishes these determina- x 40= - - - - =
i \ions, he or she gives the scheduler the completed Crew Work Hours Availability Forecast x#0= = - - -
| worksheet. The crew supervisor also hands over any physical work orders which the crew -
I received to do this past week, but will not start. The crew supervisor makes all these deter- x40= - = - - =
'li minations by 10 am and returns the worksheel. This gives the scheduler time to create the
weekly schedule by 1 pm after junch. (The scheduler must finish the weekly schedule by
Totals x40= - - 5 = =

| early afternoon so that the crew supervisor can make a daily schedule for the first day of
the coming week. The crew supervisor must attend a Jate afternoon daily scheduling meet-
ing to give the operations group information on clearances for the beginning of the follow-
ing week and initiate coordination with other crafts, if necessary. The supetvisor may also
begin to make indjvidual technician assignments.)
| [ The maintenance group can easily computerize the availability forecast worksheet. Many
1 |l CMMS packages contain work calendars for the crew supervisor to update crew member
| availability for the coming work days. Then the scheduler can access the datn whenever
needed. Of course, the crew supervisor must keep the data current. Even without a CMMS
system or CMMS labor calendar module, the company can use a computer network. The
scheduler can make a form on email or attach a spreadsheet program of word processing
document with a representation of Fig. 6.1. By exchanging this form back and forth by
email, the crew supervisor and scheduler produce the necessary forecast information.
Without getting current information from the crew supervisor, the scheduler might use
a standard forecast of how many work hours were normally available. In other words, tie
scheduler would presume for a given crew that a certain number of labor hours were ¥
able every week. This standard forecast might presume that fora 10-person crew, one pee
son would be unavailable for one reason or another. So the scheduler would schedule for
nine persons each week. The scheduler and the crew supervisor would meet together octt
sionally to assess any needs to adjust the standard. The problem with using a stan ifore:
cast is that crew supervisors may niot take the resulting schedule seriously. ‘Whether or Bot
they finish all their scheduled work, they will get the same amount of new work the nes
period. There is not much attention to carryover work which could be a significant:FtH
{em. This approach figures that carryover work from the previous work remains about LIS

"Car.ryover work is any work which has been
physmally started in the current period, but will not be
finished and will run over into the forecast period.

FIGURE W sist crew SUPErvIsors forecast how many labor hours are available

mﬁl:'xe:k. Fan‘yovcr work wmfld be work that the crew started the previous week
Rl yfomcasl;n'p clef. Onc of the main reasons (o base weekly scheduling on a precise
e e ;sc ll?i ac.:llltau_z communication about performance. Scheduling to a standard
R e ac eving this purpose. Nonetheless, this approach may be necessary in sit-
Figioes 6.3 m“ic:tr;::;'v.11.=]ur.:ta.nc:¢= and minimal management support.
i fo.r 2 mech. }l{:stmt.e the use of the Crew Work Hours Availability Forecast
o iirfA'me e anic; _mamtcnam.:e crew working a 10-hour shift. B. Jones, supervi-
o - ts' ; ﬁjust received the ava.llabllny forecast worksheet from the scheduler. The
W consists of five persons: one skiled welder, one apprentice, one painter, and two
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| mechanics. Jones feels that one of the mechanics possesses a very high degree of mechan-

il ( ical skill, but the other mechanic is significantly less capable at the present time. Jones ya{Ew WORK HOURS AVAIL ABILITY FORECAST

| knows that none of the crew will be in training any of next week, but the painter will be off

ll 2 days for vacation. Jones considers the current jobs in progress. The welder's current job
: will not be finished today and requires about 5 hours next week to finish. The higher skilled For weekof: _/ /[ to__/ [

'|| mechanic has been working a job for the past 2 days and claims it will take 5 hours next For crew: By; Date: [/ [/

1 week as well. The other mechanic will finish one job and start another job today that will -

| also take about 5 hours next week to finish. The other crew members should finish their cur-

| rent work today as well. Jones plans to have them start and finish a new assignment. With
| 1 this information, Jones estimates the total carryover work to be 5 hours of skilled welding,

| 5 hours of highly skilled mechanic work, and 5 hours of lesser skilled mechanic work. Paid Carry- Avail

Figure 6.2 shows that the supervisor begins completing the availability forecast work- Craft #Persons Hrs Leave Train Misc over* Hrs

| sheet by starting with a craft skill level listing for this specific crew. First, note that the _ _

l-_ worksheet considers apprentices simply as helpers. This plant does not regard apprentices Mech x40= - - - - =

i as strictly in training for their craft and may utilize them where the high priorities of the x40 = - - - -

plant lie. It is expedient to follow this philosophy in the forecasting phase of the schedul-

Welder
| ing, but to use the daily scheduling assignments to try (o keep apprentices within their craft ini x 40= - - - ¥
'-1i specialties. Second, note that the scheduler and the supervisor use the term mechanic to des- 1 Painter x40= - - - -
' Tech
Helper

ignate a fairly well-skilled mechanic technician. They use the term technician to designate _
a less skilled technician in the primary craft of the crew, in this case mechanical. This use x40= - - y -
| of the terms allows planners, schedulers, and supervisors to communicate regarding skill | x40= - - - -
5 i Jevel even within a standard classification. Although the plant does not have a certification | 0= _ _ _ .
) program, significant differences between the skill levels of the mechanics exist. The plamt K=
| needs 10 ensure not to allocate too many jobs requiring highly skilled mechanics at the same x40 = - - - -
x40= - - S S

x40= = = E s =

1 time. Normally a company could distinguish overall skill level through some certification
i|| process or a progression of rank such as third, second, and first class mechanics to identify
1 the better mechanics. However, the subject plant has enly mechanic, apprentice, and trainee
i formal designations. Therefore, the planners and schedulers informally address the needs
E il for jobs by using the terms technician and mechanic on the job plans. When a planner uses
!

the term technician, the job plan does not require a more capable mechanic.

Figure 6.3 shows the availability forecast worksheet after the supervisor enters all the
[ quantities for persons and hours. Jones only forecasts for the 2 days of vacation approved
| for the painter. Supervisors do not presume there will be unexpected absences due to per-
| sonal illnesses or sudden vacation day requests. The advance schedule sets a goal based
L on current knowlegge and encourages everyone to meet the schedule. Typically, man-
\ | agement above the supervisor directs training and special meetings. Management decides

Totals x40= = = - S =

*Carryover work is any work which has been
physically started in the current period, but will not be
finished and will run over into the forecast period.

| and sends various persons to different training classes or schools as well as coordinates
| || special meetings such as safety or outage planning. Management does the crafts a greal

[ favor by scheduling these types of special events at least a week ahead of time. Once

! maintenance has set a weekly advance schedule, management assists maintenance in
building the plant’s confidence in the schedule by not encouraging deviation. Jones's

Il management has not scheduled training or meetings for anyone. Jones’s estimate of car-
ryover hours is important because the scheduler must allow the crew time to finish jobs
already in progress. The scheduler must not allocate new work for these labor hours. The
supervisor's estimate of the amount of time required to finish carryover work is adequale.
Finally, the supervisor completes the total's line for each type of work hour. The wtal's
! line helps in several ways. First, it helps to check the entries for accuracy of addition and
i subtraction. It also draws attention to how many hours exist in the various categories. k¥
i total magnitude of paid hours available to the crew and the effect of lost hours dueiQ
Il training or carryover work often are unappreciated. In this case, 200 labor hours repre
sent a significant company expense. Out of this 200 paid hours, the supervisor forecast
165 available for work next week in the shown crafts and skill levels. Finally, the totas
lend themselves to tracking areas for improvement.

FIGURE 6.2 Input of normal craft and skill Jevel designations.

Figure 6.4 illustrates the use of the Crew Work Hours Availability Forecast worksheet
for :;lnolhcr mechanical maintenance crew. J. Field, supervisor of B Crew, has just
) received the availability forecast worksheet from the scheduler. The crew consists of 15

persons. The crew has two welders, two machinists, and six mechanics. Field considers
*three of the mechanics to be significantly more capable than the others. Two trainees and
¥ lhn-.e apprentices make up the remaining five employees. Field will forecast the crew
available work hours from the following information. One of the welders requested 2
dﬂYS_ of vacation next week. All B Crew apprentices musl attend an entire day of class-
foom training. B Crew will have a |-hour safety meeting on Wednesday. After checking
On jobs in progress, Field makes an estimate for carryover work. Carryover work will
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CREW WORK HOURS AVAILABILITY FORECAST

For week of: 5/10/99 to _5/13/99
For crew: A Crew By:B.Jones  Date: 5/ 6/ 99

Paid Carry- Avail

Craft #Persons Hrs Leave Train Misc over*  Hrs
Mech 1 ~40=.40 - ___- 3 =35
Welder 1 x40=40 - - -3 73
Machinist %40 ___© " — " ——~
Paiter 1 x40=40_- 20 - = 20
Tech 1 x40=40 - - : - _5 =_35
Helper 1 x40 AQ - . . . = 40

x40 = - - ) 5 =

x40 = - g . . =

x40 = = o . . =)

x40 = - S 5 . =

Totals _§ =~40=200 - 20 -~ _ " "~ =S M =R 65

*Carryqver work is any work which has been
physically started in the current period, but will not be
finished and will run over into the forecast period.

FIGURE 6.3 Completed forecast for the A Crew.

consist of 2 days of welding needing a welder and a helper, 1 day of machine work, 1 day
of skilled mechanic work, and another day of less demanding mechanic work. L

As before, the supervisor classifies the mechanics according to skill describing tl_lem [
three mechanics and three technicians. The supervisor forecasts five helpers including
three apprentices and both trainees. The classroom training makes only 30 hours unaviulabl e
since out of the five helpers, only the apprentices must attend. The safety meeting Of
Wednesday makes 1 hour for each person unavailable for scheduling in the Miscellaned 2
column. The specific day of the week is irrelevant to both the forecast and the weelgly
cation. Only the available hours for the entire week matter. The daily scheduling routine i
will take this into account. Finally, out of the 600 paid hours, 455 are available for new work

fates

ez =

BASIC SCHEDULING 6.7

Sorting Work Orders

In preparation of allocating work orders into the crew availability forecast, the scheduler
sorts the plant’s backlog. If the crew is respon sible for only a certain area of the plan, the
scheduler will only sort those work orders. Later after the scheduler allocates work for
every crew, the scheduler might be able to recommend that certain crews assist other crews.
The scheduler sorts the backlogged work orders in order to preferentially select work orders
1o allocate, If there are more job hours in the backlog than the forecast, obviously the sched-
uler cannot expect the crew to complete all the work If the backlog has 1000 hours of jobs,
then a crew expecting to have 455 labor hours cannot do all the work in a single week. The

CREW WORK HOURS AVAILABILITY FORECAST

For week of: 5/11/99 to _5/14/99
For crew: B Crew  By:_J. Field Date: 5/7/99

Paid Carry- Avail
Craft #Persons Hrs Leave Train Misc over* Hrs

Mech 3 x40=_120- - - 3 -_10=_107
Welder _2 x40=_80 - _20 - -_2-_20=_238
Machinist 2 x40=__80- - -_2-_10=__68
Bﬂiﬂ!ﬂ! x40 = - - - - =
]'_c_g‘h____}_nw:_l_zp_' - -3 -_10=_107
Helper 5 x40=200-__ - 30 - 5 -_30 =_135

x 40= = = - S =

x40 = = & = - =

x40= = = = : =

x40 = = = - s =

Totals _15 x40=_600 - _20 - 30 -_15 - 80 =_455

*Carryover work is any work which has been
physically started in the current period, but will not be
finished and will run over into the forecast period.

L]
FIGURE 6.4 Completed forceast for the B Crew.
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scheduler must select 455 hours worth of work to allocate for the week. The scheduler sorts
the backlog of work orders into an overall order that will help determine which particular
work orders are appropriate. Note that this presumes Scheduling Principle 4, proceeding
with a preference to schedule 100% of the forecasted crew work hours, not more (120%)
or less (80%). The procedure for allocating the work hours into the backlog proceeds with
assigning the higher priorities before the lower priority work. The procedure also makes
allowance for jobs on the same system and proactive work. In addition, the process shows
how to select among jobs of equal priority and work type.
The scheduler returns to the planning office after delivering the Crew Work Hours
1 Availability Forecast worksheet for the crew supervisor to complete. The scheduler collects
i all the planned work orders for a particular crew from the waiting-to-be-scheduled file and
organizes them on a conference room {able. The scheduler sorts them into separate piles,
one pile for each priority. The waiting-to-be-scheduled file might already have separate
folders for each priority to facilitate this step. Appendix J describes the priority codes for
| the work order system. Then, the scheduler sorts each pile into a particular order.
| The scheduler first sorts the highest priority pile, priority 1 (urgent). Note there are
| no priority-0 (emergency) jobs in the backlog. Emergency jobs would already be under
n way and so are neither planned nor scheduled. By definition, all priority-1 work is clas-
| sified as reactive work. Why is this reactive work sorted ahead of any proactive work?
The ideal situation would be to have only proactive work in a plant. The plant prefers
doing lower priority, proactive work o head off emergencies and urgent work.
| However, priority-1 work is urgent. It must be addressed, usually to restore lost capac-
ity or remedy an immediate threat to production. The purpose of proactive work is to
head off any reactive work, but when proactive action has failed to prevent a reactive
situation, the situation must be addressed. Maintenance must first schedule urgent work
to restore the plant. However, lower priority, reactive work should wait until after equsl
priority proactive work. In giving general preference to proactive work in this manner,
the incidence of reactive situations diminishes. Therefore, the scheduler considers pri-
ority-1 work, which is all reactive and urgent, first.
The scheduler sorts the priority-1 jobs into order with jobs requiring the highest total of
| work hours on tep. When the scheduler later allocates the work orders, jobs with more total
work hours are put in the schedule first. This will allow fiting smaller jobs of equal priority
into gaps of time remaining during the allocation process. This gap fitting would be more
difficult if the scheduler allocated smaller jobs first. The scheduler would have to allocate
only portions of larger jobs unnecessarily. The scheduler makes an exception to this sorting
! for smaller jobs encountered ¢ they belong to the same system as larger jobs already higher
! in the group. In that case, the scheduler physically removes the smaller work order from its
| natural order and staples it to the work order for the larger job in the same system.

| the start of each job. They avoid having to demobilize, travel, and move personal tool boxes

tion clearing to get to the work. There is also a psychological boost to remaining on the

1o take breaks or “rest 1 moment” even when the jobs only last an hour or less. When ij_ﬁ
il are scheduled on the same system, there is a tendency (o look at the entire system as 8 s
I'I {1 gle job through which to proceed with minimal delay. On the operations or production side

combining same system jobs also helps improve plant operations. An operator prefers (0
uling effort

|_ | clear up a single system a single time for several jobs. A less organized sched :
i might have the operator clear up the demineralizer on Monday and chnesgay for two job
| that could have both been done on Monday. Then on Friday, when the maintenance group

|| Scheduling work together for the same system is important for several reasons.
|. ! Productivity increases if technicians can move from one job to a nearby job on the same -
|| ! system. They do not need to lose time familiarizing themselves with a different system at’
to a different site to set up again. Sometimes they can use the same scaffolding or insu->

i
| \ i same system. Frequently the time between jobs is taken advantage of as being alogical Gme
|
|

G e i
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requests the operator to clear up the demineralizer a third time, the operator must refuse.
The operator must explain that the plant is in jeopardy of nat having enough water in its
storage tanks. This scenario frequently occurs when no advance scheduling exists. The
supervisor !hen assigns work by picking through the entire plant backlog for each next job.
The scenario also can occur if the scheduler does not place the jobs together in an advance
allocation. Unnecessarily clearing up a syster multiple times wastes time and frustrates the
operators.

Tht;:n the scheduler similarly sorts the priority-2 (serious) work orders by work order
size, biggest jobs on top, with three exceptions. The first exception is that the scheduler puts
all PM, preventive maintenance, jobs at the top of the pile. PM jobs are always prioritized
as pnon'!y-.z jobs, They are considered serious and not simply routine maintenance with a
lower priority. The scheduler sorts PM jobs by job size within themselves, larger ones first.
The second exception is similar as for priority-1 work orders. If a work order is encoun-
tered that belongs in a system for which a larger or higher priority work order has already
been sorted, the work order is moved up and attached to the previously sorted work order.
This is done even if it means moving a work order from the priority-2 pile to the priority-1
pile 10 .atlm:h it to the other work order. The third exception is that for work orders of
approximately the same size with the same priority, the scheduler places a proactive work
order ahead of a reactive one.

Then the scheduler sorts the pile for priority-3 work orders with larger work orders on
top and proactive work getting preference for work orders of approximately the same size.
The scheduler physically moves any work order for a systern already encountered and
attaches it to the other work order, even if it is in a higher priority pile.

Similarly, the scheduler sorts each pile of same-priority work orders. Finally, there is a
finished group for each priority arranged from top to bottom by size. There are exceptions
for same-system work orders stapled together, exceptions for similar-sized proactive work
ghead of reactive work, and PM work orders at the top of the priority-2 stack (unless a PM
was moved to the priority-1 stack to be with a same system work order).

Note that the advance scheduling process does not consider aging of work orders. The
concept of aging is that an older work order should get higher attention than a similar work
(_:rrlgr only recently written. That is, a low priority work order written 9 months ago might
justify more attention than a serious work order writien only yesterday. Aging might help
a Evnrk force that does not have weekly scheduling. If a crew is only completing the high
priority work with low productivity, increasing the relative priority of an older, low prior-
ity job might encourage the crew to include it as well. Aging is not as helpful if the main-
tenance group allocates and expects a crew to complete a proper amount of work each
week. A properly sized maintenance crew is capable of handling all the work that comes
up, not just the high priority tasks. That means that the crew can complete all the work so
Bging is not necessary to bring older jobs to the top. Scheduling keeps the crew from low-
ening its productivity to handle only the high priority work. Scheduling Principle 2 states
the importance of correct priorities, Working lower priority jobs ahead of clearly more
important jobs leads a crew to doubit its leadership. Doing the most important work first
Bives thF Plant more benefit by definition. So aging is really a tool to increase a crew’s low
ﬂoductmq{. Aging would interfere with an already highly productive crew. Aging figures
hi;: crew is less pmductive than it‘shm{ld be. Aging figures that a crew is only doing the
i hPﬂonw }vqu by choice. So aging simply raises the priority of some of the work into
e higher priority work to which the crew will give attention. On the other hand, a crew
‘m )' getting as mucl_1 work done as it should can only give attention to another job by
e clng a job already mEen_dcd‘. So_ aging for the highly productive crew has just made the
v l_!rnplcle a lowr:r_pnonty job instead of a higher priority job to the plant’s detriment.
= aiming that less important work should not be done ahead of more important work
%S not say work should never be regrioritized. If an older, low priority work order for
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SOme reason merits more importance recently, then the priority should be increased. With
l the same reasoning, perhaps a higher priority work order is now less important than previ-
ously thought. The planning system should allow for changing the priority of each of these

type work orders. One of the helpfui additions to a planning group in this respect is an oper-
ations coordinator. This person or any knowledgeable operator can benefit a planning
group by a monthly review of an extensive backlog. The operations coordinator can deter-
mine if some work orders should be reprioritized. This person has the authority to change
| the priority of any work order on the spot.

The scheduler receives two things from the crew supervisor a few hours after the last
{ shift starts. The scheduler receives the completed Crew Work Hours Availability Forecast
| worksheet and any work orders which had been scheduled, but are now not going to be
started this week. The supervisor has had ime to assess the crew projected attendance for
the next week as well as the status of current jobs-in-progress. In the case of an entirely
paper-driven system, the crew supervisor physically hands over the work orders that the
crew will not start. (In the case of an entircly computer driven system, the maintenance
group might only print out the physical work orders when assigning them to the field tech-
nicians, if at all. The supervisor updates the computer changing each job to “in-progress™
at the beginning of the shift or the end of the previous shift for the coming day. Therefore,
the scheduler may consult the CMMS each week to determine which allocated jobs will not
be started.) The scheduler takes the jobs not to be started and places them into the priority
piles of work orders if they have already been arranged. The scheduler places these new
work orders into the piles where they would belong if they had already been in the back-
log. The actugl allocation sequence can now take place.

Tables 6.1 through 6.3 illustrate sorting a plant backlog. The backlog belongs to
mechanical maintenance A Crew. An earlier illustration used this crew as an example for
forecasting. Table 6.1 shows the backlog arranged by work order number. The backlog
consists of 243 total estimated work hours as planned. Because A Crew has only 165 work
hours forecasted available, the scheduler must select the proper 165 hours to allocate for

i the next week. A plant also generally prefers to have 2 to 3 weeks of backlog availabic. This
plant has less than 2 weeks of backlog. If this shortage is the normal case, the plant might
not be identifying enough corrective maintenance situations to head off later breakdowns.
The plant might also not be creating enough PM tasks. On the other hand, the maintenance
crew might be overstaffed for the work area. Of the work orders in the backlog, work order
codes as defined in App. J define certain information necessary for scheduling. First, the
unit code NO1 shows that most of the work orders are for North Unit 1, which is A Crew's
primary responsibility. Second, within Unit 1, the system codes show that a variety of dif-
ferent systems need work. Third, work type codes indicate the nature of the work. Code 55
is breakdown and failure. Code 7 is preventive maintenance. Code 8 is work recommended
by predictive maintenance. Code 9 is corrective maintenance that can head off failure and
breakdown. Fourth, outage code 0 illustrates that the scheduler considers only work not
requiring an oulage of the entire unit for the normal work week.

Table 6.2 shows the backlog after the scheduler has physically
into different priorities. In addition, the largest work orders have been placed ahead of
smaller jobs within each priority group. Note the scheduler places WO (work order) no. 012
requiring 16 total labor hours ahead of WO no. 004 requiring only 14 hours. Similarly, WO
no. 004 is ahead of WO no. 002, which requires only 10 labor hours, Each priority groupis
similarly arranged with the only exception being for the priority-2 work orders. The sched:
uler must place PM work orders first within the priority-2 work orders. Work type code’
defines the work as preventive maintenance. Therefore, the scheduler places WO no. 003
at the head of the priority-2 group even though it has the fewest hours. L.

Table 6.3 shows the backlog after the scheduler has adjusted the groups considerins:
same-system work and other proactive work. First, the scheduler takes WO no. 006 from &

grouped the work orders
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TABLE 6.1 Plant Backlog for the A Crew Listed by Work Order Number
No. of
' . persons Est. Est.
WO No. Unit System Prority Worktype Outage andcraft hours  duration
%5 Noo ZE 4 5 0 1 welder 35 35
: NOt CP 1 5 0 1 tech 10 10
00 NOI CV 3 9 0 1 painter 40 40
004 NO1  FC 1 5 0 1 tech, 7.7 7
1 helper
005 NO1 CP 2 7 0 1 llh’.‘ll:::.= 6,12 6
2 helpers
006 N0l FC 3 5 0 1 tech, 15,15 15
1 helper
007 NGl )C 2 5 0 t mech, 20,20 20
1 helper
ggg :01 X 3 9 0 1 painter 4 4
01 CP 4 5 0 1 mech, 2,2 2
1 helper
010 NO1  IF 3 9 0 1 tccl[:: 3,3 3
1 helper
011 NO1 CD 2 8 0 1 mech, 10,10 10
1 helper
012 NO1 BV 1 5 0 | welder, 8,8 8
1 hel
013 N0l IF 4 9 0 2 “::ﬁﬂ" 6 3

priority-3 stack and attaches it behind WO no. 004 in the priority-1 group. Th
are both in the same system, FC. Second, the scheduler lﬂkes wyo rgio. 0?)5 frgls': xzr:nf::fifyr?
:esl?‘:k and WO no. 009 fron_1 tl'.ne priority-4 group. The scheduler attaches bath work orders
nd WO no. 002 in the priority-1 stack. All three are in the same system, CP. Finally, the
scheduler scans the work orders to see if any of the proactive work orders besides PM should
be m'mrcd up in the allocation preference. Proactive work type 8 is work recommended by
mnve_ maintenance and reactive work type 5 is work to restore something that has
s y failed. WO no. QII .(work type 8) is currently behind WO no. 007 (work type 5). If
no, 011 were closer in size to WQ no. 007, say 3510 39 labor hours, the scheduler would
mave it ahead. Howevcf, ip this case, the relative size dictates that preference be given to the
mve work. In the priority-3 group, all of the work is proactive, work type 9 so no adjust-
t."mm.ﬁcan be made. The scheduler will use the order presented by Table 6.3 to select work

to allocate into the A Crew work hours availability forecast.

Tables 6.4 through 6.6 illustrate another example of sosting a nonoutage, plant backlog

for B Crew at the same plant. This crew h i
. : . as a different backlog because it is responsible fi
a separate section of the plant. Table 6.4 shows the backlog arranged by work org:r nur:bec:l:

. Table 6.5 shows the backlog after the s iori

Elaced PM jobs at the 1op of the gpric:rity-z wc:rhl: g::li;st.ms sogeLiie perky groups and

: :Table 6:6 shows the backlog afier the scheduler has grouped same system work orders
%:"onpmg sh«_)uld help majmen_ance and operations concentrate on the most needy sys—l

_ t::; organized manner. Notice 'lhis grouping also allowed the scheduler to move a

mbrknbﬁ proactive 'work (.)rders up into the priority-1 group. There are seven proactive
York orders moved into this group, t!vo PM work orders, three corrective mainienance
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TABLE 6.2 Plant Backlog for the A Crew Grouped by Work Order Priority, Size, and PM

No. of
Work persons Est. Est. )
WONo. Unit System Priority type Outage andcraft  hours duration
012 NOl BV 1 5 0 1 welder, 8,8 8
1 helper
004 N0l FC 1 5 0 1 tech, 7.7 7
1 helper
002 NOI CP i 5 0 1 tech 10 10
005 NOV  CP 2 7 0 1 tech, 6,12 6 1
2 helpers [
007 NO1  IC 2 5 0 1 mech, 20,20 20 |
1 helper
011 NO1 CD 2 8 0 1 mech, 10, 10 10
1 helper
i 40
1 CV 3 9 0 1 painter 40
ggz :gl FC 3 5 0 1 tech, 15,15 15
1 helper
010 NO1  IF 3 9 0 1 tech, 33 3
1 helper
008 N0l JX 3 9 0 | painter 4 4
001 NOO ZE 4 3 0 1 welder 35 35
013 NO1 IF 4 9 0 2 tech 6 ;
009 N0l CP 4 5 0 1 mech, 2,2
1 helper

rders, and one predictive maintenance work order. Without !.his. grouping, the work
}:)‘::;l; ?nay have had alzendency to concentrate solely on the high priority reactive work for
the week. A sanity check may also be needed after thf: foranst work h_oufs are compared
with the sorted backlog preference order. WO no. 023 isa fairly large pnor_1ty-4 won:k c_:rdcr
that the scheduler has moved into the priority-1 group. Aftcr ‘readlpg exact job descriptioits,
the scheduler or operations coordinator may prefer holding it un}:l the plant has addmsﬁ
some of the priority-2 work. An ob¥ous case mi g}n be the lnndv1'snb1]1ty of attaching a 5
hour, priority-4 job to a single 3-hour, priority-1 job. However, in the case of WO no. 23,
there are already 67 hours of work to be done for system FO.

Allocating Work Orders

ith the crew work hour forecast in hand and the work orders stacked on lhe‘table, lhc_:_
::ll)t:dulcr uses the Advance Schedule Worksheet, Fig. 6.5: to allocate the right \Lm‘k
orders for the week. This worksheet allows the scheduler logically to connect the b;; lt:,Bf
with the crew time available. The worksheet form essentially consists of a bla.nk 5 e
paper with horizontal lines. The horizontal lines lie on‘lhe form at the same heights a5 =
Crew Work Hours Availability Forecast worksheet (Fig. 6‘.1'). The scheduler mayhﬁ:m
staple the schedule worksheet side by side to the availability .wm.'ksheet'. Tl;c ts'cllowi ;
places the worksheets logether such that there is a long biank line lmmc.dlat_c y 0’01'1; ok
the available work hours for each craft skill level. For the ease o_f this dlsrﬁ?lslm\'d =
scheduler does not physically attach the worksheets togelhcr, but writes the ¢ 51 T
forecast available hours on the extreme left of each line. The long blank lines Yy
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tabulation of remaining crew hours as the scheduler places each job into the schedule allo-
cation for the next week.

After writing the available hours on the left of each line, the scheduler selects the top
work order from the pile of highest priority work orders. The scheduler uses the long blank
line beside each craft skill level to write the remaining craft hours available after the sched-
uler subtracts the hours required by the selected work order. The scheduler then puts the
selected work order into the week’s worth of work being allocated. This work constitutes
the weekly schedule.

The scheduler physically places the actual work order itself into a set of folders 1o deliver to
the crew supervisor, There is a folder for each craft skill level which is the lead for the work
order. For example, if the work order requires two helpers, the scheduler places the work order
into the helper folder. If the work order requires a mechanic and a helper, the work order also
goes into the mechanic folder since the lead person is a mechanic. If the work order requires two
welders and an electrician, the work order goes into the welder folder since the bulk of the work
(and probably the lead) is welding. Later these folders will help the crew supervisor find work
while assigning to the different crafts and skill on the individual crew. The craft skill level fold-
ers not only allow sorting of the work by trades or classifications, but they are also the vehicle
that physically transports the scheduled work orders over to the crew supervisor. Later at the end
of the scheduling period, the supervisor returns the folders to the scheduler with work orders that
were not started. The scheduler places these work orders back into the backlog for possible
inclusion in the next weekly schedule as the scheduler follows the advance scheduling routine.

TABLE 6.3 Plant Backlog for the A Crew Adjusted for Work on Same Systems and Other
Proactive Work

No. of
Wark persons Est. Est.
WONo. Unit System  Priority type Outage andcraft  hours duration
012 NOI BV 1 5 0 | welder, 8,8 8
1 helper
004 N FC 1 5 (] 1 tech, 1.7 7
1 helper
006 NOI FC 3 5 0 I tech, 15,15 15
{ helper
002 NO1 CP 1 5 1] 1 tech 10 10
005 Notf cp 2 7 0 1 tech, 6,12 [
2 helpers
Nol CP 4 5 0 1 mech, 2,2 2
! helper
007 NO1 JC 2 5 0 1 mech, 20, 20 20
1 helper
011 NOl CD 2 8 0 1 mech, 10, 10 10
1 hetper
003 N0t cCv 3 9 0 1 painter 40 40
010 N IF 3 9 0 1 tech, 3.3 3
1 helper
NoI o IF 4 9 (1] 2 tech 6 3
NOlI JX 3 9 0 1 painter 4 4
L]
NOO ZE 4 5 0 1 welder 35 35
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TABLE6.4 Plant Backlog for the B Crew Listed by Work Order Number bec:_luse there are insufficient hour§ available. The scheduler places sub;cquent work ord.ers
behind any work orders already in each folder. The scheduler continues the allocation
No. of process until either the crew runs out of available work hours or the backlog runs out of
Work persons Est. Est. work orders. The backlog might run out of work orders altogether or just run out of work
WONo. Unit System Priority type Outage andcraft  houts duration orders for which the crew has qualified labor.

After making the initial allocation grouping, the scheduler makes a final consideration of
| 021 NOZ BS 1 5 0 2 tech 6 3 prouctive work and consults operations. The scheduler considers if he or she ought to place
| 02 N2 UA 3 s 0 Jtch 18 7 :

023 NOO FO 4 9 0 1 tech, 20,20 20 o .
1 helper . TABLE 6.5 Plant Backlog for the B Crew Grouped by Work Order Priority, Size, and PM
024 NOD HA 2 7 0 ltech, 20,20 20 1
| 1 helper i Work No. of . .
| 0 1 tech 17 17 or persons . 1,
| ggg :gg g((): i g 0 1 welder 3 3 WONo. Unit System Priority type  Outage andcraft  hours duration
1 1)
NOO HD 2 7 0 1 mach 2 2 i
' 8§§ NOO HP 1 5 0 I mach, 88 8 ] 035 NOO KD 1 5 0 I tech 20 20
1 helper 036 NCO FwW 1 5 0 1 mech, 6,12 6
FW 4 9 0 2 helpers 12 6 2 helpers
' ggg :% HD 1 5 0 1 mech, 1,1 1 028 NOD  HP 1 5 0 : :u:ch, 8.8 8
1 helper elper
031 N02 DA 3 3 o lmech, 20,20 20 041 NOO  FO 1 5 0 : l:clh 4.4 4
| 1 helper clper
| 032 NOZ DO 3 9 0 I helper 40 40 042 NOZ FD ] 5 0 2 tech 8 4
" NOO FO 2 9 0 Imoch, 14,14 14 021 NO2  BS 1 5 0 2 tech 6 3
L2 ey 030 NOO HD 1 5 0 1mech, I, 1 ]
| 034 NOO FO 2 5 0 imach, 6,6 6 1 helper
1tech 2
] 036 N0 FW 1 D pmech, 612 07 N0 FO 2 7 0 tmech, 4.8 8
: P:fs 4,8 8 ¥ helper
037 Noo  FO 2 7 L DL s 027 NOO HD 2 7 0 I mach 2 2
! helper 033 NOO FO 2 g 0 I mach, 14, 14 14
I N3l Uz 2 5 0 ltech, 3,3 3 e
038 1 helper 025 NOO HC 2 5 0 1 tech 17 17
039 Noo  FO 2 8 0 1 welder, 2,2 2 034 NOO FO 2 5 0 Imach, 6,6
| 1 heiper 1 tech
| 040 NO2 FD 3 o 8 0 1 weldes, 10,10 10 038 N3l UZ 2 5 0 : :;:clh 3.3 3
1 helper elper
041 NOO FO 1 5 ¢ 1 tech, 4,4 4 039 NOO  FO 2 8 0 : :;l:ccr, 2,2 2
1 helper T
042 NDZ FD 1 5 0 2 tech 8 ;0 026 N00 FO 2 5 0 1 welder 3 3
" 20,20 ¥
L) N3l UA 3 C . 'l::cp'; 831 N2 DA 3 3 0 Imech, 20,20 20
1 1 helper
044 N31 UZ 4 9 0 Zhelpers 2 —— 032 NO2 DO 3 9 0 1 helper 40 40
043 N31 UA 3 9 0 I mech, 20,20 20
- 1 helper
The scheduler then repeats the work order selection process to allocate waork orders info’ . N2 FD 3 8 0 : ::lldcrr. 10,10 10
the available craft hours. The scheduler selects the next work order from the top of the hlﬂh:- 02 T T 3 o 0 2 mﬁc y ;
l est priority work orders. If the selected job requires more hours than the hours left on‘:v [
| ticular craft line, the scheduler must make a decision. The scheduler first tries to ~ WO 4 (172} NOO FO 4 g 0 1 rech, 20,20 o
| persons down,” such as using a mechanic as a helper. The scheduler 1:mght want to “h“’r £ I helper
ule only part of a job, such as scheduling 30 hours of a 60-hour job if only 30 hours 0 & N0 EW 4 9 0 2helpers 12 6
| particular skill are available. The scheduler might also decide the job cannot be schediied 22 N31 UZ 4 9 0 2helpers 2 1
il
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1 TABLE 6.6 Plant Backlog for the B Crew Adjusted for Work on Same Systems and Other choose. Maintenance and production schedules must be integrated even when not consider-
Proactive Work ing outage work. The operations coordinator understands overall constraints of operations
being able to clear or release certain equipment at the present time. The operations coordi-
No. of nator may also make final adjustments for the best benefit of the plant. In both of the exam-
) o Work persons Est. Est. ple alloculions: the operations coordinator decides not to make adjustments.
| WONo. Unit System Prioity type  Outage andcraft  hours duration _ The following examples use the Work Order Allocation Worksheet to combine the pre-
| | vious forecast examples and previous backlog sorting examples into a week's worth of
! 035 NOD Kb 1 5 0 1 tech 20 20 | work, the weekly schedule allocation.
it 036 NOD  FW i 5 0 1 mech, 6,12 6
B 2 helpers |
029 NOO  FW 4 9 0 2helpers 12 6 )
s Mo WP 150 dmeh B8 ADVANCE SCHEDULE WORKSHEET
041 NOO FO 1 5 0 1 tech, 4,4 4
; . Lbelper For week of: to
037 NOD 0 2 7 0 1 mech, i 8
1 helper For crew: By: Date:
033 NOO  FO 2 9 0 I mach, 14, 14 i4
1 tech
034 NOO FO 2 5 [ 1 mach, [N 6
1 1ech Forecast Available Hours Left
039 NOG  FO 2 8 0 1 welder, 2,2 2
1 helper
026 NOO  FO 2 k) 1] I welder 3 3
023 NOO FO 4 9 0 I rech, 24, 20 20
1 helper
042 NO2 FD i 5 0 2tech B 4
040 NO2  FD 8 0 lwelder. 10,10 10
1 helper
| 021 NO2 BS 1 5 0 2 tech 6 k)
| 030 N0 HD 1 5 0 1 mech, L1 1
I helper
| 027 NOO HD 2 7 0 1 mach 2 2
l
024 NOO 2 7 0 | tech, 20,20 20
1 helper
025 N00 HC 2 5 0 1 tech 17 17
038 N3l UZ 2 5 0 I tech, 33 3
1 helper
4 b 0 2 helpers 2 I
0 1 mech,
1 helper
032 NO2 DO 3 9 0 I helper 40 40 Totals _
043 N3l UA 3 9 0 1 mech, 20,20 20
1 helper ]
9 2 tech 14 7 Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
il .. backlog runs out.
: any more proactive work into the schedule to replace low priority, reactive work. This might
! be advisable for the allocation in which there is almost no proactive work whatsoever- There
| will never be a reduction of reactive work if there is never any proactive work performed..

| Both of the previous examples of backlogs contain a modest amount of proactive wurk lﬂd
50 need no adjustment. Next, the scheduler consults the operations coordinator, gIving

FIGm 6.5 wt)l'kshcg[ 10 assist the scheduler w W 0
0 determine which work orders to allocate for the
person a chmcc to I’eplacc nny Of the a“ocatcd WOIk W“h W OIk nlat th:

.
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Figures 6.6 through 6.12 illustrate using the scheduling worksheet to allocate the
nonoutage backlog for A Crew. The scheduler first copies the craft levels and forecasted ADVANCE SCHEDULE WORKSHEET
hours from the Crew Work Hours Availability Forecast worksheet for A Crew (Fig. 6.3).
Figure 6.6 shows the resulting Advance Schedule Worksheet after this first step. .

g'l'he:n the scheduler selects work order no. 012, the first work order from the highest pri- For week of: -5—,]'0/ 99 to _5/13/99
ority group for A Crew (shown in Table 6.3). WO no. 012 requires a welder for 8 hours and For crew: A Crew By:C. Rodgers Date: _5/6/99
a helper for 8 hours. Therefore, the scheduler subtracts 8 hours from the 35 hours available N
! for welders leaving 27 hours available. The scheduler writes down “27" on the welder line

indicating the hours now available. Similarly, the scheduler subtracts 8 hours from the 40
{ helper hours available and writes down “32” on the helper line to indicate there are only 32 Forecast Available Hours Left
| helper hours now available. The scheduler places work order no. 012 into a folder labeled IgWWk Order #)
. wWelder” for eventual delivery to the crew supervisor. Figure 6.7 shows the resulting 12
Advance Schedule Worksheet. Mech 35

Figure 6.8 shows the Advance Schedule Worksheet after the scheduler selects work
] order nos. 004, 006, and 002. The scheduler places all of these work orders into a folder Welder . 35|27
i labeled “Technician” because that is the lead skill required on each.
| The scheduler then selects work order no. 005 from the backlog. This work cannot be | .
| allocated into the available hours as simply as the preceding work orders. This work order ' Painter 20
tequires 6 technical hours, but there are only 3 technical hours available. The scheduler Tech 35
wkes the 3 technical hours available and then takes 3 welder hours to use as technician
hours. The scheduler considers that a welder can perform the less complex mechanical Helper 40
tasks required by a technician. The scheduler does not wish to use a more skilled mechanic
for the work because the backlog contsins a significant amount of priority-2, skilled
| mechanic work. The backlog has more welding work, but it is priority-4 work. Next, the
| work order requires 12 helper hours, but only 10 are available. Therefore the scheduler
| takes the 10 helper hours available and takes 2 more welder hours to use as helper hours.
| Thus the scheduler subtracts a total of 5 welder hours from the 27 available leaving 22
| available welder hours. See Fig. 6.9. These decisions of where to take hours require judg-
ment on the scheduler's part. The exact choices are not critical. What is critical is that the
scheduler realizes the ability to aliocate work to other than the exact craft and skill speci-
fied by the job plan. The scheduler must remermber that the job was only planned for the
minimum skill level required.

Another question arises regarding splitting hours from different areas. Is the scheduler
| requiring different persons to perform fractions of jobs? No. As the actual week later pro-
| gresses, some jobs will run over and others under allowing the crew supervisor to assign
| whole jobs to specific individuals. The ggew supervisor may assign a welder as a helper for
| an entire job, but probably not for only half of a job. Actual experience has shown that this
method of allocating work for the week results in a quantity of work for which the crew
possesses the appropriate labor.

As the scheduler selects more and more of the backlog, more of these type decisions are.
{ made. Figure 6.10 shows the results of the scheduler allocating work order nos. 009, 007,
| and 011 into the weekly schedule. For both WO no. 009 and WO no. 007 the scheduler has
the mechanic hours needed, but has to use welder hours for all of the helper hours. For wo
no. 011, the scheduler again has the needed mechanic hours available, However, the scheds
uler must again use another skili level for the helper hours required. This time there are no
more welder hours available, The scheduler decides to use the painter as a helper for WO
no. 011. Although there is painting work in the backlog, it has a lower priority than WO no..
il 011, The painter would still have some hours to begin the painting job and could finish it
1] as carryover work the following week. o
h Finally, Figure 6.11 shows the last work order that the scheduler places into the weckl {

schedule. The scheduler does not want to overscheduie the crew. WO no. 003 requires 5 '.-!
painter hours. The scheduler expressly states by writing a note on WO no. 003 that only 16

32

Totals _165

I-nstructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6,6 Tnput of original lobor forecast and first work order for the A Crew,

h .

p:il:lsjzr:::l&ge spc:ieilu]'edl for (tihc m;xéi week. The scheduler expects the painter to begin the
1 nter’s Jast day of the week. The scheduler stops the schedule al i

- Process taking up all but 3 hours of skilled mechanic work hcnurslJ from tl'u:t:fol:-::::aslt(.,“:Ii‘lt:::or;l

are no iobs i
| sch:: ‘i]l‘:?sh Ia: t:llleobcaic]lofﬁmm take as few as 3 hours that the mechanic could perform. The
has available, : 2 hours of backlog work for the forecasted 165 hours the crew

The scheduler considers this to b i
e ¢ e a 100% allocation. The scheduler d
Mhedﬁefl::wt?,e Crew any occasion to suggest that oo much work was allocatc‘:fs'lr'll'?;
as work orders arranged,in several folders, Mechanic, Welder, Painter, and
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ADVANCE SCHEDULE WORKSHEET

For week of: _5/10/99 to _5/13/99
For crew: A Crew _ By:C. Rodgers Date: _5/6/99

Forecast Available Hours Left
(Work Order #)

12V 84 86 1 #2)
Mech L
Welder 35127 »
Machini ,
Painter 20
Tech 35
Helper 40

R ] i

Totals __165 e

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out. e

FIGURE 6.7 Setting of columns te illustrate labor calculations with next three work orders.

Technician. The scheduler did not place any work orders in a folder labeled Helper because
in this case, no work required helpers alone. The scheduler takes the work order folders
over to the A Crew supervisor. A Crew supervisor Jones will use the work orders to begin
establishing a daily schedule for the first day of next week.

In actual practice, Fig. 6.12 shows the actual worksheet as the scheduler would have
filled in the information. The scheduler would not have listed each work order at the top of
columns. Rather, the scheduler would have written in available hours left as the scheduler
selected jobs and placed them into folders.

BASIC SCHEDULING 821

Figures 6.13 through 6.17 illustrate using the scheduling worksheet to allocate the
nonoutage backlog for B Crew.

The scheduler first copies over the craft levels and forecasted hours from the Crew
Work Hours Availability Forecast worksheet for B Crew (Fig. 6.4). Figure 6.13 shows the
Advance Schedule Worksheet after the scheduler has selected the first 12 jobs from the pre-
viously sorted backlog for B Crew, None of the these jobs requires the scheduler to con-
sider using a craft skill level other than the ones planned on the work orders. For each work
order, the scheduler merely subtracts the required work hours from each craft skill level

ADVANCE SCHEDULE WORKSHEET

For week of: _5/10/99 to _5/13/99
For crew: A Crew _ By:C. Rodgers Date: _5/6/99

Forecast Available Hours Left
‘(quk (')rde'r #)'
120 Hd HE \ #2
Mech 3s| 11
Welder  35[27 1 i
Machinist 008 00
Paipter 20 oo
Tech 35| 128,131 3,
Helper 40|32 | 255 101t
1 [} ] [ ]
N
N
] ] 1 )
"
Totals __165

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6.8 Labor calculations of aviilable labor hours remaining.
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required work hours from each craft skill level line. Then the scheduler puts the selected
ADVANCE S CHEDULE WORKSHEET work order into its folder for the pertinent lead craft.

Beginning with WO no. 25, the scheduler must decide to work persons outside of their
top skill levels. WO no. 25 requires 17 technician hours, but only 9 are available. The

For week of: 5/10/99 to 5/13/99 scheduler decides touse 8 mechanical hours to make up the difference leaving 88 mechanic
For crew: A Crew _ By:C. Rodgers Date: _5/16/99 hours and 0 technical hours available afterward. Likewise, WO no. 038 requires using 3

. mechanical hours as technical hours. There are no such decisions to make for WO no. 044

Forecast Available Hours Left
03’:4?;‘;1’#?:#5: ADVANCE SCHEDULE WORKSHEET
Mech 38| 1 & i o . For week of: _5/10/99 to _5/13/99
Welder  35[27: ¢+ 1221 For crew: A Crew _ By:C. Rodgers Date: _5/6/99
Machinist  ——
- R |
Tecl 35 " :.13': 3E 0': Forecast (Work Ord eﬁﬁailable Hours Left
Helper 4013212510 1 0 Luz: H4 6 B2 RS B9 BT B,
B B Mech 35 . . . . 3313 3.
M weder aslzz | | i20 0
N T Machinist ————— —
': : S i T '10°

Totals _165 —

L

Instructions: Subtract job work hours from a-vnilable
line total until balance reaches zero for each line or

backlog runs out.

Totals __165

m labor skill that was

FIGURE 69 Allocating first work order to use other than the minimy

'l . planned. Instructions: Subtract job work hours from available

oo line total until balance reaches zero for each line or
' line. Then the scheduler puts the selected work order into its folder for the pertinen backlog runs cut.

|
\ ' craft. _
A After including the twelfth jo!
il worksheet. The scheduler simply labels the worksheet
|‘ I Figure 6.14 shows the second page and the next five

b, WO no. 042, the scheduler runs out of room on the
: “Page 1" and begins 8 secpnd page-
work orders selected. Similar Lo
g a craft skill jevel other
¢ scheduler subtracts i€

'FIGURE 6.10 Allocating next three work orders. Each uses other than the minimum labor skill

first page, none of the jobs requires the scheduler to consider usin tha way g .

than the ones planned on the work orders, For each work order, th

L)
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In actual practice, Fig. 6.17 shows the actual worksheet as the scheduler would have

NCE SCHEDULE WORKSHEET filled in the information.

ADVA Without the allocation system, the crew may have not realized it had the ability to com-
plete the entire backlog. Instead, the crew may have only concentrated on completing the

For week of: 5/10/99 to _5/13/99 higher priority work. In addition, the allocation process identifies how many extra craft

For crew: A Crew By:C. Rodgers Date: 5/ 6/99 hours are left, There are 45 craft hours left, 11 mechanic, 23 welder, and 11 machinist, The

scheduler has a basis to suggest using B Crew labor 10 assist A Crew next week. The B
1 Crew Mechanic and Machinist could not only complete WO no. 010 and no. 013, but
| replace 10 of the helper hours on WO no. 007. This would free up 10 hours of A Crew

| Available Hours Left
| Forecast  Work Order#) D
LH MG \H2\H5 VB9 HT K11 #3,
Mech 35 ittt 13313 3. ADVANCE SCHEDULE WORKSHEET
: O J P A R |
Welder 351271+ 122:20 0t —— For week of: _5/10/99 to _S/13/99
Machinist " T For crew: A Crew By:C. Rodgers Date: _5/6/99
i [ S S S '.IQ,Q*; /A
Tech 35| 128,13 3,0, . L 2 .
Helper 403212516 1+ 01+ |\ 1 1 Forecast Available Hours Left
' Mech 353313 3
R I S B Weader 35127 22 20.0
s S A e
] ] ] 1 1 1 1 ] - 10 0-
Totals __165 —3= Tech 352813 3 0
~Qnly 10 hours of 40 hour paint job assigned. WO#003 Helper  40/322510 0
Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.
Totals __165 3

FIGURE 6.11  Allocating a partia} work order.
*Only 10 hours of 40 hour paint job assigned. WO#003

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

shows the worksheet that results from including these four work orders.

Finally, Fig. 6.16 shows the resulting worksheet after the scheduler includes the I;;l
three jobs in the backlog. The scheduler uses the remaining 13 helper hours for WO no.
Since this work order calls for 40 helper hours, the scheduler also uses 27 machinist hours.
This decision leaves |1 machinist hours and 0 helper hours. WO no. 43 calls for.40 techni-
cal hours of which none are available. Therefore, the scheduler uses 40 mer:hamcal holil-ﬂ;:-
Likewise, the last work order in the backlog, WO no. 22 is planned for technical hours.
scheduler uses mechanical hours instead. Now all the backlog has been allocated.

I
| ] and WO no. 03 1. Each requires helper or mechanical hours which are available. Figure 6.15

FIGURE 6.12 Realistic completed Adyance Schedule Worksheet for the A Crew.
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ADVANCE SCHEDULE WORKSHEET

For week of: _5/11/99 to _5/14/99
For crew: B Crew _ By:C. Rodgers Date: _S/7/99

Page 1

t Available Hours Left
Forecas (Work Order #) o '
354361429828\ 841 #3133, #34#39.#26:#23’.#42:
Mech 107 1o . i 971 | I ' : l :
Welder 381+ 3 L L L1 3633, 4
L1 [} [} ﬁol 1 l46 I4_Q| ] 1 1 [}
Paint e e AR IR EE
an Tolar L . g3l iesiesl | l4ai3s.
popsr 15| nuiiedoolon | e e |
] 3 [} 1 ] ] [} [} ] i
R L O R R R
: ; ; ] ] ] | ) : E : _:_
e —— T e
[] 1 [} ] 1 1 ] [ ] 1 1 | 1
] ) [] 1 [} [] ] [] [] 1 [} ]
[] ] [] [} ] 1 [} ] ] 1 1 ]
Totals __458 ——

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6.13 Input of original labor forccast and first 12 work orders for the B Crew.

welder hours. Along with the 23 B Crew welder hours left over, this is almost encugh
hours to complete the priority-4 welding job, WO no. 001. There are two common prac-
tices to execute this assistance. One method would be for a crew supervisor to give the
other supervisor several work orders. The other method would be for a crew supervisor o
plan to loan the other supervisor several persons for a day or two. For example, presume
that on the scheduler’s recommendation, the A Crew supervisor gives the B Crew super-

visor work order nos. 010 and 013. In addition, the B Crew supervisor arranges to givethe

A Crew one day of machinist help and two days of welder help toward the end of the week,
if necessary.
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STAGING PARTS AND TOOLS

Staging is not essential to maintenance planning. Planning and scheduling can achieve
high productivity without staging parts and tools. Moreover, staging can be a time
waster. Nevertheless, staging can significantly boost productivity for completing more
work.

Staging means physically moving a part or a tool out of its regular storage place to
where a technician can more easily obtain it before a job, Staging items reduces the time a

ADVANCE SCHEDULE WORKSHEET

For week of: _5/11/99 to _5/14/99
For crew: B Crew__ By:C. Rodgers Date: _58/7/99

Page 2

Forecast Available Hours Left
F(Work Order #)
H40H21H3I0H27 K24,

Mech | YR

Welder R

] 1 L] ] [

Machinist |t 1 3ge

IPainter vt
Tech 129: 19,
Helper 595 : 58 :38.
t 1 ] [ ] [}
RN
] ; ] (] ]
T
] 1 1 ] 1)
] 1 [} [} 3
] 1 1 L] 3
Totals

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6.14 Using a second page and allocating the next five work orders.
L
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ADVANCE SCHEDULE WORKSHEET

For week of: _5/11/99 to _S5/14/99
For crew: B Crew _ By:C. Rodgers Date: _S/7/99

Page 2

Forecast Available Hours Left |
(Work Order §)
Im‘.#z:!#sol#z?': #24#28 #38#44431,
Mech ' ‘96! | i88i85. .65
Welder S
- L1 iagl 4 '
o L B N A R
Tech 120! } to9v0) iy .
Helper 59 . 58 Ess . 1351 3;5 13':
] | [} 1 1 3 1 1 1
R I e
- S S
I e T e B HERTEE R
—
] ] ) [} ] 1 ] 1 [}
Totals

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or

backlog runs out.
]

FIGURE 6.15  Allocating the next four work orders. The first two work orders use other than the
minimum labor skill that was planned.

technician would otherwise spend gathering parts and tools before a job. A net reduction of
time for the company comes from a combination of increased specialization, planner exper-
tise, and reduced opportunity for delay trips. First, the person staging the pait normally
stages more than one job at a time, perhaps as many as needed for the whole crew. Th
employment of staging reduces the overall number of trips to the storeroom when handling
several jobs at the same time. The person staging the items also gains a better than usua
familiarity with the storeroom, further reducing time to procure any single item. Sef-‘md-’ f
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the person who plans the job also stages the items, there is another advantage. The planner
who specified the item to begin with has the best idea of exactly what item the job requires.
This familiarity may speed the process of obtaining the right part at the counter. Third, stag-
ing helps keep technicians on the job. Any trip away from the job to a storeroom or tool
room can escalate beyond a simple delay to obtain the originally intended item.

Staging is similar to having the operations group clear a piece of equipment. The mainte-
nance group prefers to have the equipment cleared before arriving on-site with three techni-
cians. If the operations group did not have the equipment ready, the technicians would have 1o
wait or lose overall efficiency finding other jobs to fill the wait time. Therefore, the operations

ADVANCE SCHEDULE WORKSHEET

For week of: _5/11/99 to _5/14/99
For crew: B Crew  By:C. Rodgers Date: _5/7/99

Page 2

Forecast Available Hours Left
(Work Order #) '
JOH21H30W27 H24825 38 #44E3THI2 H43 422,
Mech ' lggl ! 'sgiss: 165: 12511,
Welder R T T ]
i | 1 ] L] L] i) 3 [] 1 ) []
Machinist | ' ' 38 . . . .. 11 .
Painter RN
Tech 29! ! t9ie@y 4 o444
Helper 595 _s_s {3si 5355 33§ 134L' '
] ] [] 1 1 [} ] [} ] 1 ] )
SR TR
[] [] t ] 1 ] ; 1 1 ) 1 ;
] “EEL
| 1 1 3 ] ] 1 1 1 b L] 1
] ] ] 1 1 ] | 1 i ) ] 1
] ] ] ] ] ] ) 3 ] (] [} L]
Totals —45

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6.16 Allocating the final three otk orders in entire backlog.
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ADVANCE SCHEDULE WORKSHEET

For week of: _5/11/99 to _5/14/99
For crew: B Crew___ By:C. Rodgers Date: _5/7/99

Forecast Available Hours Left

101 97 96 8885652511
| Welder 38 | 363323
Machinist 68| 60 46403311

Tech _ 107[87836963 43352090
Helper 135 |12311110399 9189 695958383533130

Totals __455 45

Instructions: Subtract job work hours from available
line total until balance reaches zero for each line or
backlog runs out.

FIGURE 6.17 Realistic completed Advance Schedule Worksheet for the B Crew.

| group might normally clear the equipment during the night shift based on a request from the
| previous day’s scheduling meeting or schedule. The technicians then arrive and go to work it

the moming without delay. Likewise, the maintenance group prefers parts and tools to be ready
| for work. There might be overall inefficiency if two of the technicians have to wait forone
| technician to check out a special tool or wait in front of the storeroom counter. A
| Consider several tasks by a school maintenance person as an jllustration of some of
B the benefits of staging. The school had identified a broken easel and a broken toddles
! | table. The maintenance person serving several schools showed up at 11:00 am. The
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school secretary handed over a bag containing o replacement bolt and plastic fitting for
the easel and another bag with a washer and bolt for the table. The maintenance person
took the staged items and fixed both pieces of furniture in 20 minutes. The school secre-
tary had saved expensive maintenance service time by staging the parts needed. The sec-
retary had determined what items were needed by simply examining the furniture and
describing the problem to the appropriate school furniture supply company. This com-
pany had mailed the exact required parts the preceding week.

Consider another example from a modem electric power plant. The planner scoped the job
1o replace a flanged valve. The planner staged a sling, gasket material, and 48 bolts, washers,
and nuts along with the replacement valve. The planner did not siage a necessary come-a-long
as this device was standard issue in mechanic tool boxes. The ptanner placed all the ilems
together on a pallet in the tool room. The planner identified the job as staged on the work order
and attached a copy of the work order to the pallet to aid later identification. The two assigned
technicians later transported the materials to the job site and expeditiously completed the work.

With staging in place, envision a technician arriving at work already knowing what job
1o start on from the previous day’s schedule. The technician picks up his or her tool box
along with a bag of parts staged the night before and heads to the job site.

The following sections discuss what might be practical to stage, where items could be
staged, who should stage the items, and how to go about staging items.

What to Stage

The maintenance group should consider staging all the items the planner included in the
job plan. When planning a job, the planner identifies the items that the planner anticipates
the job requires. The key word is anticipated. Just as the planner includes time for only
anticipated delays, the planner plans for only anticipated parts or tools. The planner esti-
mates the anticipated job cost using these anticipated tines, parts, and tools. The planner
may include an equipment parts breakdown with the job plan, but this is only & list. The
work plan expressly identifies anticipated items for this job. Therefore, it follows that if
the job plan calls for certain items, those items could be staged.

However, a number of questions remain. What if it is uncertain what parts a job will need?
Perhaps a high chance exists that the anticipated parts will be unnecessary. In addition, per-
haps a high chance exists that unanticipated parts will be necessary. If there is a high proba-
bility that the technician will have to go to the storeroom for unanticipated items, why bother
10 stage the anticipated items the job will certainly require? Moreover, what happens (o
unused staged items on a job? What about time expended to return those items to stock?

Consider a technician that has already started a job where the planner has anticipated the
use of several parts. The technician soon finds out the job requires only a single specific
part. The technician can obtain just that item from the storeroom, Thus, there are no extra
items taken to the job site and no leftover items to return. Why not have the planner just
reserve the anticipated parts rather than stage them as well? Reserving through advance

notice to the storeroom rather than the additional step of staging may be all that is needed.
As one can see, these questions complicate decisions regarding whether to stage items,
Jobs vary just as do plant sites and plant processes such as receiving and returning store-
r0om items, Therefore, the following guidelines help the maintenance force make better
decisions about staging.
Always stage anticipated items that are:

~L. Nonstock and purchased especially for the job.
' 2. Cenainly needed for the job and there is fittle likelihood any other items from the same
place will be needed. Example: Job to replace air filter.
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Favor staging anticipated items where:

1. There is high liketihood item will be needed.

. There is low likelihood other items from the same place will be needed.
. Technician time is valuable.

. Technician time is limited.

th & W N

. Persons to stage items are readily available.
6. Equipment downtime is valvable.
. Equipment downtime is limited.
. Distance to the storeroom or tool room is excessive.
9. Availability or accessibility of storeroom or tool room is Jimited.
10. It is relatively difficult later to transport items to the site if they are not staged.
11. Item is easily returnable to storeroom or lool room.

12. Ttem is disposable if unused or lower in value than would be worth technicians’ time
to return.

13, There is some experience with planning and scheduling.
14. There is high maturity and sophistication of the planners 10 anticipate items correctly.
15. There is high confidence that the job will start the week or day scheduled.

[~ -B |

h

Do not stage items that are:

1. For unscheduled jobs unless a nonstock item was exclusively obtained for a job.
2. Difficult or impractical to move repeatedly due to size or storage requirements.
3. Difficult or impractical to move repeatedly due to legal tracking requirements.

Scheduling is frequently the most critical factor influencing staging. Chapter 3 presented
the case that if work could reasonably be expected to start in a given week, staging could be
practiced. If there was no advance scheduling to tell when maintenance expected to start
jobs, it might be impractical to stage parts or tools. One problem arises from taking parts or
tools out of stock for a job that the maintenance crew may not start for quite a while. The
staging makes the parts and tools unavailable for other jobs. The second problem arises from
the physical storage of the staged parts and tools. Temporary holding places for staged items
become overwhelmed and items become lost. On the other hand, if the maintenance group
schedules a job for the next day or the next week, staging parts and tools can boost produc-
tivity. Staging a part or tool for a scheduled jol®makes sense because there is a commitment
to starting the jobs. In that case, the staged items become properly unavailable for use clse-
where because they really do need to be reserved for jobs about to begin. In addition, becase
their jobs are about to begin, there is limited danger of overfilling a designated staging area.

Where to Stage

There are various possibilities for where the maintenance force may stage items, each with
advantages and disadvantages. These possibilities include central staging arcas, sc _
staging areas, job sites, crew ready areas, and technician benches. Moreover, combinations
of any of these approaches may be the most practical for a particular plant situation.

A central staging area would be an area where any item could be staged. The area could
be part of another operation such as the tool room where technicians come to 8 counter 0
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request their items. The area could otherwise be one dedicated for staging without a counter
where some or all technicians have open access. Using a central staging area gives fairly good
security to keep parts from being lost. Persons have little doubt where an item is staged
because there is only one possibility. A central staging arca lends itself to uniform procedures,
especially with a counter operation. Unfortunately, the central staging area may not be better
than leaving the items in the storeroom if the technician still has to go to a counter and wait
for the attendant. Despite this concem, staging storeroom items in the tool room may still be
a good idea. The maintenance group may have better control over the staging area than the
storercom. Many companies place the storercom under the control of a group other than
maintenance. The storeroom management may be unwilling or unable to make its checkout
procedure user friendly. In this case, having a few persons stage the anticipated items out of
the storeroom to a more readily accessible tool room for the bulk of technician activity makes
sense. Geographic accessibility also makes a difference. The storeroom may be more
remotely located than the staging area for most jobs. There may even be several storerooms
scattered about the plant site for various types of goods. Having an efficient operation to stage
items to a central location might increase overall efficiency. Technicians would not have to
be as familiar with the various siorerooms to obtain a part if they could go to a central stag-
ing area. A central staging area has several disadvantages versus other staging options. It may
be better to stage items closer to job sites to speed up work. Also, a central staging area may
still require the technicians to make a side trip. Each extra trip during the day invites techni-
cians to add unnecessary delays. Technicians might check with the supervisor or technician
friends “just to see what is going on.” They might run by the machine shop to use the tcle-
phone “for a minute.” Then the technicians must refamiliarize themselves with the jobs when
they return. Mostly due to simple human nature, the delays add up when the staging area does
not support technicians staying on the job site.
Scattered staging areas attempt to remedy the shortcomings of central staging. In this
arrangement, there are several designated areas for staging. They are scattered throughout
the extensive plant area. The locations are close enough to the general areas of work to
avoid inviting any unnecessary side trips. They are also located out of regular traffic path-
ways, but easy to find. These staging areas are not necessarily claborate and may be sim-
ply formed with lines of yellow paint. One aluminum rolling mill operation cutlines
squares of space on the plant floor in this manner. A more complex area might involve a
shed. This is how one steam plant set up a staging area for specialized turbine tools on the
turbine deck. Such a secure area may have a counter with an attendant and be open only
during certain turbine work. At other times, limited access is available to supervisors or cer-
tain technicians. Other variations abound in between a secure shed with a counter and a
painted square space. A shed, room, or cage could exist with or without a door lock or pad-
lock. Large wooden boxes could be placed in strategic locations. Expensive or inexpensive
shelving can be utilized. A closely associated issue is having access to tools at various loca-
tions throughout the plant. A particular job on a bumner might require specialized tools that
the plant uses nowhere else. It would make sense to have the bumner tools located in a tool
box on the bumer deck ready for use whether a job is in the backlog or not. It could be
argued whether this is scattered staging or a scattered tool room. In either case, the objec-
tive i5 to have items on hand to reduce travel and delays during the job. The disadvantages
of a scattered staging strategy revolve around having less control and requiring more coor-
Ellmtlon. There is less security to prevent missing parts. It tukes increased effort to take
items to more than a single location. Nevertheless, having scattered sites close to the work
areas can reduce delays to improve productivity.
Staging material directly at a job site provides the greatest advantage of not having to
move parts repeatedly and limiting reasons to Jeave the job site. On the other hand, this
arrangement provides the least security against missing parts. It could also contribute to a

- more hazardous plant site with parts located every which way. There is also danger for
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damaging items before they can be used if they get in the way of other plant maintenance
or operations. The amount of coordination involved in finding each specific job site to
receive items could be a further problem. Even with good coordination, there is a signifi-
cant chance of putting an item at the wrong site and in effect losing it. On-site staging might
make sense for a rotating spares program where there is a designated storage accommoda-
tion for the extra equipment. It is also practical to deliver large, nonstock equipment
directly to the job site. [t may also work out for items that are not readily transported later
such as medium to large motors, valves, piping, znd pumps. Note that the size of these items
also makes it unlikely that they would be carried away from the job site. One plant makes
the last duty of the day for tool room attendants to move heavy equipment such as cranes
to the sites for the next day’s jobs. Smaller items such as gaskets, small valves, and fittings
are more practically staged in crew ready areas or on technician work benches.

The crew ready area is a likely place to stage relatively small items. Many crews have
a designated area where they check in each moming. The crew may also use this area as a
break room. Having a shelf or side area in this room for staged items reduces the need for
an extra trip to a central staging location. This is especially true of the first job for the day
and usually for a second and third job if breaks can be coordinated between jobs. The super-
visor has some measure of control over such a location which may be an advantage over
scattered Tocations or job sites. The supervisor also may be more interested in the staging
operation with its visible presence there. A supervisor receives excellent feedback of how
staging is working when the crew receives items in the supervisor’s presence.

Technician benches cannot be overlooked as likely places to stage items. Many compa-
nies have a work area of sorts for every technician. This is especially true of many 1&C
technicians and electricians. It is also common for mechanics and other mechanical crafts
to have work benches, These work places allow technicians a clean shop area to work on
devices and eguipment. Cleanliness gives a great boost to any maintenance task.
Companies would rather a technician be free to concentrate on keeping gasket faces clean
than to worry about where to obtain gasket material. Planning ahead to ensure pans avail-
ubility and staging to deliver parts helps the technician’s concentration. Technician benches
are natural places to consider staging items. The technicians consider these areas their per-
sonal spaces and check in there just as they would their crew area each moming. In addi-
tion, technicians conduct many of the maintenance tasks in whole or in part on their bench.
Therefore, staging items here might mean the technictans need not make any trips else-
where. Consider a job to replace a gasket on a leaking flange. On this job, the technician
needs to cut a gasket from a roll of gasket material. The planner has noted the size of the
gasket needed as well as the gasket material. The day before the job, the supervisor has
someone from the tool room drop off enough gasket material on the technician’s bench for
the job. The next day, the technician cuts the gasket, grabs rubber boots, and heads to the
job site with the tools to fix the leaking flang. Drawbacks to staging on technician benches
include a limitation on itemn size and possibly limited space available. The same coordina-
tion and security drawbacks of having multiple and scattered staging locations exist. An
additional problem, unique to staging items at the technician benches, is that the person
staging items must know the name of the assigned technician. The crew supervisor makes
the assignments with the daily schedule. Because the weekly schedule does not identify the
assigned technician, the person would not be able to use the weekly schedule to stage the
items. Staging would have 1o be done daily from the daily schedule.

Who Should Stage

Normally the planner stages items, but there is equal opportunity for the scheduler, malcl'!-__,
als purchaser, tool room personnel, storeroom personnel, crew person, or even the supervi-
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sor to perform this function. Staging must not come ahead of other planning duties if man-
agement has excessively limited the number of planners. The materials purchaser is prob-
ably the best person to stage nonstock items received. In addition, if the staging is based
more on the daily schedule than the weekly schedule, the supervisor or his or her designes
would be more appropriate (o do the staging. For simplification, the following section calls
the person who does the slaging, the staging person.

The Process of Staging

After the scheduler makes up the weekly schedule, the staging person reviews the sched-
uled work orders. This person might review them before delivery to the crew supervisors
or later in the supervisors’ offices. (Allernately the planner could review, and mark, the
work orders and direct the staging person.) To avoid delaying the receipt of the weekly
schedule by the crew supervisor, the staging person may find it more desirable 1o work from
the crew supervisor’s office. The person would also have better access 10 the work orders.
The staging person marks the work orders for which items will be staged and makes a copy
of each work order that will have staged items. Then, the staging person takes the work
order copies to the storeroom and tool room and collects the items to stage. The staging per-
son takes the collected items 1o the appropriate staging locations and atiaches the work
order copy to groups of items for each job. The person places items in appropriate contain-
ers such as bags for bolts and loose items, each marked for the appropriate work order. If
there are several containers for the same work order, the staging person marks the work
order copy as having four bundles and each bundle as 1 of 4,2 o 4, 3 of 4, and 4 of 4, each
with the wark order number. These activities may take one or more (rips.

The staging person must relocate the original work order for any items that were sup-
posed to be staged, but could not be staged for some reason. The person marks these work
orders accordingly. The staging process might discover an unexpected problem with item
availability that will impact a job. In this case, the staging person informs the crew supervi-
sor and planning so that the job will not be assigned until planning remedies the problem. In
the case where the daily schedule is utilized, the same process is followed on a daily basis.

What happens to staged itemns for a job that is not started in its assigned day or allocated
week? The items that were staged for this job are not collected and returned. I1 is presumed
that this job will likely be assigned on a subsequent day or allocated in the next week’s
work. The job is simply considered already staged. This situation could get out of hand if
jobs are routinely staged that never start, Staging areas could become overrun and inven-
tory stocks could become depleted. This scenario is more likely for the plant that stages
without any scheduling. Staging accomplished after some scheduling effort keeps these
problems to an acceptable level. Daily staging for only the next day’s work lowers the prob-
ability of these problems even further,

One thing to realize is that there is a limited lime available to stage items. The diffi-
culty comes in the timing because the advance schedule is only an allocation of work and
does not denote which day activities might begin. If the staging person wails (o use the
advance schedule, there is not much work time after which the schedule becomes avail-
nble before the work week begins. If the crew works Monday through Friday, 7:30 am to

~ 4:00 pm, the advance schedule would be available Friday afternoon for the staging person.
The staging person could extend the work time available by working a weekend or
evening shift to stage items. If the crew works another type shift, other times may work
better. Consider a crew that works Monday through Thursday, 10-hour days. The staging
- person could work Monday through Friday 8-hour days and have Thursday afternoon as
well as all day Friday to stage. In addition, if the supervisor prepares the first day’s sched-
ule s00n after receiving the weekly allgcation, the staging person could first concentrate
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on staging parts for that first day’s work. Then the staging person could spend a small
amount of time each day reviewing the next day’s schedule from the supervisor and stag-
ing the appropriate parts.

In summary, staging can help improve maintenance productivity, but it is not essential to
effective planning and scheduling. Furthermore, staging can become somewhat complicated
to execute properly. Among a number of guidelines, scheduling control and experience dic-
tate the successfulness of staging. Imagine a common household situation. One adult plans
to hang several pictures and shock the swimming pool one night during the coming week.
This person “stages” a hammer, several nails, and a bag of pool shock on a kitchen counter
as the items are encountered during other weekend tasks. However, the items disappear from
the counter as the week proceeds and wind up in various drawers or garage shelves, The per-
son’s spouse has put the items away to avoid clutter. The tasks of hanging the pictures and
shocking the pool have become more complicated now as the location of the necessary items
has become uncertain. Industry commonly experiences the same primary problems hinder-
ing these maintenance tasks, namely an improper staging area and an imprecise schedule for
the work.

DAILY SCHEDULING

As discussed for Scheduling Principle 5 in Chap. 3, the crew supervisor schedules work !
orders on a daily basis. Formal daily scheduling assigns specific individuals to specific

work orders in a manner that accounts for each labor hour available and works toward the |
goul of completing the work allocated by the weekly schedule.

Without formal daily scheduling, a natural tendency encourages supervisors to con-
centrate on higher priority work. Without something to encourage completion of lower
priority work as well, most of the maintenance work started might be only the higher
priority work. Supervisors might also tend to assign the more skilled technicians 1o this
important work. This leads to a phenomenon of actually giving the less skilled techni-
cians “busy work,” many times work without a work order. These latter technicians
might be sent to provide unneeded assistance on the higher priority jobs. They might
also be allowed 1o take extra time on the jobs they are assigned. The supervisors desire
to save the higher priority work for the higher skilled technicians. Al the same time, the
higher skilled technicians may see themselves as unfairly having to do most of the work.
Consequently, the supervisors do not require schedule accountability. In short, produc-
tivity is left to the discretion of the high skilled portion of the work force to work at a
reasonable pace on only the important jobs of the day.

In contrast, a formal, daily scheduling routineencourages the supervisors to focus on the
completion of work orders rather than on keeping employees busy. The daily schedule rou-
tinc ensures all technicians who work on work orders to be accountable to a schedule. The
daily schedule makes sure everyone has a valid work order job. The daily scheduling routine
encourages the supervisors to give the less skilled technicians greater challenge by not hold-
ing back jobs to save for other technicians, The daily schedule discourages the use of blanket
accounts for time reporting because the daily schedule form plainly shows assignments. The
daily schedule gives the supervisor a tangible tool with which to work toward the goal of fin-
ishing all the jobs scheduled for the week and showing what other work may have prevented
them from meeting the goal. The daily schedule provides a means for the supervisors to keep
track of all the jobs currently in progress and the jobs due 1o start the next day. The daily
schedule requires the supervisor (0 consciously manage the crew, Having more jobs going on
at the same time requires an attentive supervisor, as issues of personalities, working on jobs
of more challenge, and more logistics problems arise.
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i i i i i ders and assigning
The daily scheduling process begins with selecting work order:
names, Lhenycoordinating with the operations group, and finally handing out the work

order assignments.

Assigning Names

i act methods exist to schedule work for a single crew day. The ll‘l‘lpOﬂflm ele-
gngsma[;; fi,:at the scheduling method attaches particular tasks to each crew member's name
and that the method fills each crew member’s available work hours. For example, the c%w
supervisor should assign 10 hours of work to each crew member available for 10 hours.d. e
supervisor bases the assignments on the planned estimates fqr the work orders, D;pcn lnﬁ
on the industry, the supervisor might also denote the exact time dul_'mg the day when eac
job should start or end. This would be more the case for a product line taken out of service
with exact scheduling from the operations group. It \\fould bt? Ie§s the case where opell')nlnons
can clear up certain areas for a day of maintenance without sngmﬁczulu pfoducuon pro ern;.
This chapter’s outage section later addresses the urgency and coordllnzgt!on of outage W(')]Eh .

The crew supervisor normally schedules the d;uly maintenance activities forthe cre\;'. e
scheduler might be able to do the operation of daily schedulmgl. leaving th_c supervnsorl lrce: to
manage work in progress and people issucs. However, th? daily scheduling is ngn:im y too
integrated into the management of the crew for lhq supervisor to transfer away this duty. .

Figure 6.18 shows a typical form that supervisors might use to assign names tpdwo{h
orders. The supervisor uses the form for a specific day. The form consists _of a grid wi
spaces for work orders on the left and crew member names on the top. A single l'l‘l_le near
the bottom takes care of nonwork order time such as vacation. Codes allow identification

DAILY SCHEDULE
DAY: DATE:
SUPERVISOR:
WO# Uniq Pri| Short DelcriptiolJ IComments
5";‘“ (;Ode;-:S' " Special Code
-vacation ic
T-Training O-Other — 20U
A-Aui!ned OfTCrew Total

FIGURE 6.18 Form for daily scheduling, =
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of specific types of nenwork order time. The bottom line provides a space for totaling each
technician’s time. These (otals help the supervisor assign enough work to fill each hour of
the shift for each person.

Figure 6.19 shows how the B Crew supervisor has added the name for each member of
the crew. The supervisor can add the names one time and then copy enough forms for a
supply of preprinted, daily scheduling forms. The company's graphics department might
publish these daily schedule forms in pads.

Figures 6.20 through 6.24 illustrate the use of the daily schedule form for B Crew using
the previously developed Crew Work Hours Availability Forecast (Fig. 6.4) and the alo-
cated backlog for the week (Fig. 6.17 and Table 6.6). First, Supervisor J. Field adds the day
and date for the day being scheduled. Field is scheduling for Tuesday, the first day of the
work week for B Crew which works 10-hour days. Figure 6.20 also shows the craft skill
level for each person: M, T, S, W, and H for mechanic, technician, machinist, welder, and
helper, respectively. Such designation is normally unnecessary because supervisors are
familiar with their technicians’ capabilities.

The supervisor {irst enters unavailable hours for different crew members. The supervi-
sor marks the crew members who are unavailable for the next day for training, leave time,
or other reason. The supervisor marks the form by placing the number of hours any
employee is unavailable under the employee’s name along with the proper reason code on
the special code line. Field had approved 10 vacation hours for welder Hunter that day.
Next, the supervisor adds any carryover hours from the preceding work day. The supervi-
sor writes down the work order number and brief title of any carryover work that will run
into this next day’s schedule. The supervisor marks down the hours needed during the next
day for carryover on the same horizontal line as the work order, but under each involved

DAILY SCHEDULE e
DAY: DATE: Bl v sé "
SUPERVISOR: |21 E|&ls| 5|52l slB|E 5|si8|¥
HEGEHEEEEHEHEEE
WOH Unid Pri| Short Dacriptiondtlg Jo|= 21252 E8|A12 | [Comments

Special Codes: Special Code
V-Vacation S-Sick & Hours

T-Training O-Other -
A-Assigned Off Crew Total 4

FIGURE 6.19 Example preprinted form with crew member names,
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DAILY SCHEDULE o B o ] oA T H=
DAY: Tues DATE:5/11/99 R : ]
SUPERVISOR: L Field | . g EE g g

wOH Uni Pri| Short Description] «f & % FEEEERE =|Comments

SpecialCodeSS_:S , Special Code
V-Vacation S-Sic|
T-Training 0-Other & Hours

A-Assigned Off Crew Total

FIGURE 6.20 Input of date for the B Crew to schedule the first day of work weck.

technician’s name. Whenever the total hours for any individual reach ten, the supervisor
writes 10 on the bottom line of the form. Figure 6,21 shows the results of these entries. Note
that at this point, six persons of the 15 person crew have been assigned thci{ entire 10 hours.
Next the supervisor must consider any urgent work that has come up since the time the
weekly schedule was established. There may be several new urgent jobs that should not
wait until the next week to begin. The supervisor adds to the daily schedule any urgent job
that should begin that day. Such reactive work is planned, but planning on reactive won:k
usually provides only an adequate scope and estimates of craft needs and w.ork hours. This
plan is all the crew supervisor needs to work the job into the schedule. With even a rudi-
mentary plan, the supervisor keeps control of the schedule because planning has identified
craft and time. The supervisor makes the decision to work these jobs into the current work
load knowing that they will hinder the crew’s completing all the weekly scheduled m:ork.
The supervisor would prefer to wait until the following week to begin all newly identified
work for several reasons. First, jobs already scheduled for the current week have a greater
likelihood of being staged leading to higher crew productivity. Second, waiting until next
week gives the new jobs a better chance of having their items staged. Third, the current
week's schedule was put together with some thought toward including all PM work plus
sufficient other proactive work. The new job is reactive and will presumably keep proac-
tive work from being done. Fourth, there is less chance to coordinate other resources such
as other crafts. Management measures schedule compliance to encourage crews Lo get more
- work done, Working on the weekly aillocation of work orders is a high priority for the crew
supervisor. Nonetheless, the crew supervisor must redirect crew resources to work on truly
urgent work for the good of the plant. The overnll scheduling process is geared toward
doing more work and doing more proactive work. However, the overail goal of the plant is
1oL just better future availability, but avatlability in the immediate present as well. Urgent
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Generally the supervisor starts with the folder that represents the bulk of the crew. This
DAILY SCHEDULE E A B H == A= folder has the most work since there were more persons for which the scheduler had to give
DAY: Tues DATEEM gl 4 - 83 o work. The supervisor selects one job at a time and places the work order number on the
SUPERVISOR: L. Field & '% g & =IEE daily schedule form along with a brief description of the work. Then the supervisor assigns
WO#|Unit|Pri [Short Description) 2 L E i & 3] 5|Comments the proper crew members to the job by allocating the work hour estimates under their
) names. The selection of jobs and assignment of persons is not an exact science. The super-
016 L ¢ {1 Boilerstructure | i 8 Lermpnver visor prefers 1o consider higher skill work ahead of lower skill work to help keep assign-
017 | 0 [ 3 |Fabpump shaft L0 ° ment options open. Another preference the supervisor follows is to assign a large job to
019 | 2 )2 |Vacuumpump |1 o several persons, then keep those persons together for the day by assigning smaller jobs to
015 | 2 | 2 |Underdraing 10 " fill their available hours. Selecting the larger, high priority jobs first leaves smaller jobs for
fitting into schedule slots to make up a person’s whole shift. The supervisor’s skill in work-
ing with personalities comes also into play. This consideration is beyond the ability of the
scheduler to make when creating a weekly schedule. Which crew members work best
together? Which employees do not get along with each other? Which employees do not
cooperate well with anyone? Which employees enjoy a cerain type of work? Which
employees need a chailenge? Which employees possess the necessary skill to accomplish
a unique, critical task? Which employees seem to need extra coaching and supervision?
Which employees work best independently? Which employees need more experience
working together with others? Which employees want opportunities to develop their lead-
Soecial Codes: - ership capabilities by leading larger jobs? Which employees rank high on the overtime list?
vpt,cm ofes: . Special Code v These employees might be assigned to critical jobs that could run over requiring overtime.
-Vacation S-Sick & H 10 = I have th familiari ith cul 2 Which )
T-Training O-Other ours Which emp oyees have the mqsl ami la;lly v:'n a particular system?! ich employees
A-Assigned O Crew Total [10{10 1010 10]10} need more experience in a certain system? Which employees need more experience devel-
oping a particular skill? Which employees most successfully knock out a series of small
. FIGURE 6.21 Indication of craft skills. Input of unavailable crew hours and carryover work. jobs? Which employees always scem to stretch their jobs to mid-day or to the end of the
reactive work cannot be ignored. The crew supervisor must address those areas needing DAILY SCHEDULE si= 2] ] ] ] 0 T oz
immediate attention. This reasoning is why the supervisor is responsible for daily schedul- DAY: Tues DATE:S/11/99 |5 g
| ing and the immediate direction of the crew. The crew supervisor deviates from the weekly SUPERVISOR: L Field 2 o3 435 5
| schedule when necessary and later explains such variances (0 management. HEEEEEE g3 H
The supervisor does not have to consider emergency work when planning the next day's WO#Unit|Pri |Short Description| «| e (i = - >|Comments
schedule. Crews always begin true emergency work immediately. If it can wait until the 016 | o | 1 |Boiler structure ld_ 10 Carryover
next dfly ar ll:le start of t!1e shift, it may be urgent _work, but it is not emergency. The super- 017 | 0 | 3 | Fab pump shaft 10 "
visor immediately reassigns technicians from their current assignments for any emergency A2 DR " "
work. The supervisor makes note of these reassignments by marking up the current day’s 919 12 }2 Vacuumpump »
schedule, but there is nothing to mark on the schedule for tomorrow unless the current wotk 015 | 2 12 |Underdrains 1
will carry over. Then it is treated on tomorrow’s schedule as carryover just as any job still 036 | © |1 |Unloading arms 6
1 in progress. If an emergency job were to come up jn the middle of the night before the start 029 | 0 | 4 |Dock gutters 40 4 4
il of the next shift, the schedule would have already been completed. The supervisor simply
revises the schedule as necessary to reflect the already assigned persons.
The weekly schedule still helps improve weekly productivity even when crews do ot
start scheduled work as a result of emergency or other urgent jobs arising. When rcporling_
| variance from the weekly schedule, it is difficult to explain why only one emergency job
| and three urgent jobs kept ten scheduled jobs from starting. "
In the current illustration for B Crew, no emergencies or urgent jobs have come up for
i consideration in the current day’s work or for the following day. This plant places an empha- Special Codes: Special Code v
il sis on preventing urgent situations. Personnel report small problems that can be hﬂndled_ V-Vacation §-Sick Lo
| proactively before they grow into large problems. Management discourages anyone inclgc_i;. T-Training O-Other 4 Hours 10
ing engineers from requesting work at the last minute that they could have identified eariet. |A-Assigned Off Crew Total j10{10110{1 lol 10| 1010 10
i Next, the supervisor inspects the week’s worth of work consisting of the folders WI P
| work orders. The advance scheduler had prepared these folders for each lead craf FIGURE 622 Input of the first two jobs from the allocated weekly backlog.

CiM Ex. 1001 Page 85



6.42 CHAPTER SIX

DAILY SCHEDULE = 2 | o4 == Hmz
DAY:Tues DATE:S/11/99 § N £ 2
SUPERVISOR: L Field [ & E g g s g g
wOwlUnit|Pri Short Description| < = > Il { 3 2| Comments
06 | 0 }1 i re 1 ’10 Carryover
017 | 0 | 3 |Fabpump shaft 10 "

019 [ 2 | 2 | Vacuum pump _|1 "

015 { 2 | 2 |Underdrains 1 "
03 1 0 b1 (U i 616 [

029 1 0 | 4 |Dockgusters 4 ﬂ‘ 4
SP;‘:i“]q"deS’js‘ . Special Code \Y

¥-T::i::i|:: 0‘(;‘1:her & Howrs 10

A-Assigned O Crew __ Total [10i1j10ni0i0l19) | (19010 10

FIGURE 6.23 Input of the next three jobs into daily schedule,

shift? The supervisor's knowledge of the crew allows taking these considerations into
account when assigning the allocated work on a daily basis.

The supervisor should resist assigning more than the estimated hours on the work order.
For example, if the work order has an estimated requirement of two mechanics for 6 hours
each, the supervisor would put *6” under two crew member names, not “8" for each to fill
up an 8-hour shift. The job may end up running over, but the supervisor does not want to
begin by anticipating the job will consume the entire shift. The assignment of exact work
order hours would be a good check area for concerned managers. Checking the daily sched-
ule may indicate a problem with most jobs seeming to be always planned for 10 hours or
scheduled for 10 hours just because that is the shift arrangement.

The supervisor continves selecting tasks from the folders and distributing their hours
among the crew. A work order may be atiached to pther work orders for the same system.
In this case, the supervisor prefers to assign all of the attached work orders to a larger group
of persons for the same day rather than assigning them to a smaller group over several days.
Working all the jobs for a single system at the same time shortens the time the system must
be out of service. It also contributes to a sense of accomplishment for both the crew and the
operations group when they complete all the work on a system.

The supervisor continues selecting tasks until all crew members have their available:
work hours assigned to work orders. Afier assigning a number of the work orders, the
supervisor has to exercise some further judgment in selecting work orders. The best per-
sons to which 10 assign a particular work order may have too few hours left in the slnﬁ to
complete that work order. The supervisor is free to assign technicians to start a bigger job
that they will not finish in the shift. If assigning a 10-hour job to a person with only 3 hours:
left available, the supervisor would place a “3” under the person's name across from the
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new job. The supervisor could also immediately begin the next day’s schedule with the job
at hand placing a “7" in the pertinent crew member box. That schedule may be adjusted
later for different carryover hours when actual job progress is assessed. On the other hand,
there may be smaller jobs with lower priocities, but fewer hours that could be completed on
the same day. The supervisor is free to pick any of the jobs of lower priority in the week’s
allocation for assignment anytime during the week.

If the supervisor runs out of work from the weekly allocation, then he or she checks with
planning to obtain planned work from the unscheduled backlog. This work is in the plan-
ning group’s waiting-to-be-scheduled file. If there is no planned work waiting, the super-
visor checks with the planner about working jobs that are not yet planned. The supervisor
should resist assigning work without a work order.

The supervisor totals up each person’s assigned hours under the person’s name. The
hours for each person should add to the person’s paid work hours. For example, if 10-hour
shifts are employed, then there should be 10 hours totaled up under every employee.

Figure 6.22 shows the first two jobs the supervisor has selected from the week of allo-
cated work. The supervisor has selected the top job from the Mechanic folder. The super-
visor first selects WO no. 36 requiring a mechanic and two helpers for 6 hours each. This
work order has another work order attached for the same system. This second work order,
WO no. 29, requires only two helpers for 6 hours each. After briefly reviewing the work
order, the supervisor decides to assign it to the team of three persons doing the first job. The
supervisor assigns each of them 4 hours to complete this job and makes a note on the work
order. The supervisor has changed the plan of 12 helper hours to assign 8 helper hours and
4 mechanic hours. (This is a little unusual to change a plan in this manner, but it is accept-
able.) Now three more persons have 10 total hours for the day.

DAILY SCHEDULE HEEEERGIEEE o=
DAY: Tues DATE:5/11/99 | € N g
SUPERVISOR: L Field | g EEEREEER 5 5
WO Unit|Pri [Short Dacriptionjz ol = E g-, i E [ g P Comments|
016 1 0 |1 [Bojler structure [ 11 10 JICarryover
017 | 0 | 3 |Fab pump shalt 10 "
019 1 2 | 2 |Vacuum pump 110 o
015 | 2 | 2 |Underdrains 19 L
03¢ | 0 |1 |Unlonding arms 66 6
029 | 0 | 4 |Dockguiters 4} 4 4
028 [ 0 ! 1 |Pump impeller 8 8
027 | 0 | 2 |Catunderdrain 2 1
930 10 |1 |Trn Pump Alien 11
035 | 0 | 1 |Piping 10 2 dav ioh
W1 1213 |Auxfeed pumps 9 ILQr_Z.thmb.
g eﬁd&duz. Caustic Jeaks 10 10 of 17
VI:Vncatinn S:Sick Shecial Code v
| T-Trsining 0-Other & Hours L
|A-Assigned Off Crew  Total [10kiopo 1d 10| 1d19] 10/ 10l10] 1d 1d 1 10l10

FIGURE 624 Completcd daily schedule for the B Crew.
L]
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Figure 6.23 shows the result of the next three work orders selected by the supervisor.
The supervisor decides to start none of the FO, Fuel Oil Storage and Transfer System, work
on Tuesday because neither welder is unavailable. One is involved with carryover work and
the other is taking vacation, The supervisor selects WO no. 28 requiring a machinist and a
heiper and then adds a smaller job, WO no. 27, to finish up the machinist’s hours for the
day. Because WO no. 030 is on the same system, the supervisor assigns it next.

Next, the supervisor has 20 technician hours, 9 mechanic hours, and 10 helper hours
available. The supervisor selects the large job, WO no. 35, requiring 20 hours for one tech-
nician to begin 10 hours. The supervisor also assigns a 40-hour job, WO no. 31, to the
mechanic and helper to begin a total of 19 hours. Finally, the supervisor assigns a 17-hour
job, WO no. 25, to the last technician, Smith, to begin 10 hours. After this scheduling, the
supervisor finds that a single person has less than 10 hours assigned. The helper Richardson
has only 9 hours assigned. The supervisor sees no single-hour helper jobs and is reluctant
to have ¢ helper begin another job alone that will carry over. Therefore, the supervisor adds
the helper’s last hour to the cation underdrain fabrication job, WO no. 27. This will give
Richardson, an apprentice, some time in the machine shop. Figure 6.24 shows the com-
pleted daily schedule form with names for all crew members assigned to work orders with
ali shift hours accounted for, adding up to 10 hours each.

Coordinating with the Operations Group

With the schedule filled out, the supervisor then coordinates with the operations group. The
supervisor must communicate with operations for two reasons. The supervisor first
requests that the operations group clear the pertinent equipment for the next day. The super-
visor must also determine if any testing is advisable as the maintenance crew retums equip-
ment to service. Many plants conduct a daily schedule meeting each afternoon to
coordinate the next day’s work between these two groups. The meeting consists of the crew
supervisors and the operations supervisor. At this meeting, maintenance may also advise
regarding the progress of on-going work in addition to coordinating the start and testing of
new work.

Clearing means that the operations group is making the equipment available and safe
for maintenance work. For example, the operations group may clear the equipment by
draining process lines and closing necessary valves and electrical breakers. Then, depend-
ing on particular plant policy, the maintenance personnel may follow behind and lock out
valves and breakers to their own satisfaction and security. For simplicity, this book pre-
sumes the operators do ali clearing and maintenance personnel do not perform separate
locking. Companies with additional requirements would simply add their required proce-
dures to the illustrative process described here. The company should have a standard
process for the maintenance group to notify the operations group of clearance needs. With
a daily schedule meeting, maintenance can hand over a printed clearance request form.
The maintenance crew could also deliver a clearance request form at any time to the oper-
ations group. However, maintenance should keep in mind that the operations group also
schedules their activities and desires timely advance notice. Plant policy might allow less
formal notice as phone calls or emails to the operations group. The plant might utilize a
CMMS computer to flag the backlogged work orders needing ciearance for the operators.
In a daily scheduling meeting, each crew supervisor gives operations a copy of the crew's

proposed daily schedule and a printed clearance request form for each work order need-

ing clearance. The clear request form should describe the work proposed along with ﬁ{q&F
needed for clearance. A copy of the work order form with special clearance instructions
makes a good clear request format because the operators see the actual, maintenance work
document. The supervisor has the original work order forms in hand at the meeting instead’
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of just the schedule sheet to allow reference to any planner notes regarding special cir-
cumstances. The face-to-face daily meeting allows the operators 1o commit to clearing up
the necessary work areas during the evening shift for an around-the-clock operating envi-
ronment. Otherwise, the operators can commit to when they would clear and have ready
equipment the next day if they would not accomplish it during the night. At this meeting
the operations group would also explain any particular requirements if it could clear the
equipment for only part of the day. The supervisors also record {eedback on the pertinent
work order forms for new information regarding special requirements. The crew supervi-
sors also nate restricted times for maintenance work on the daily schedule forms and the
work order forms which they will give to the field technicians. The operations group can
also give immediate feedback for any jobs that it would not be able to clear at all. The
supervisors make changes to the daily schedule if needed. The supervisor also has brought
the weekly backlog of work 10 the meeting in case a new work order or two needs to be
selected as replacements fo jobs that would not be cleared.

During the daily scheduling meeting, the operations group and the crew supervisor
agree regarding any special testing after job completion, For example, a particular strainer
that has shown a past tendency to leak after maintenance should be tested before the tech-
nician has completely demobilized from the site. The decision of which jobs to test really
depends upon the type of work done and the confidence in the mainienance skills and so
would vary from plant to plant. The operations group or the maintenance group may have
definite preferences for particular work orders to test. The planning group may recommend
by noting within the job plans if the jobs should receive special attention. Management
should establish a clear policy when possible regarding testing. The crew supervisor makes
appropriate notes on the work orders which require testing after completion.

Handing Qut Work Orders

Afier the daily scheduling meeting with the operations group, the crew supervisor publishes
the daily scheduie with any necessary revisions. The supervisor might do this by posting the
daily schedule form on a crew area bulletin board or outside the supervisor's office. This
allows individuals 10 think about their assignments for the next day. Spreading the news
keeps crew members feeling more a part of a team. If published in time, there may be pro-
ductivity improvements as well because technicians finishing their current jobs could take
their ools and somewhat set up for their next assignments. The technicians could also
review the job plans or technical manuals to familiarize themselves with the equipment.
Technicians could even start to gather parts and special tools if they were not going to be
staged. In effect, the technicians can stage their own jobs because they have advance notice.

The handing out of the physical work orders may depend on the plant’s policy with
respect to work permits. The operations group issues a document called a work permit that
certifies that it has cleared the necessary equipment 1o allow safe maintcnance work to
begin. {Some jobs do not require clearance and work permits and the supervisor marks this
information on the work order form if the planning group has not already done so.) There
are different ways to accomplish permitting work areas, some less formal and some more
formal and rigorous. The exact procedure would be dictated by company policy. The exact
policy does not appreciably affect the enhancement to crew productivity of planning and
scheduling, Some plants allow individual technicians 1o pick up the work permits for their
assigned jobs. Other plants require the crew supervisor or a special designee to pick up the
work permits. The process presented here of supervisors collecting work permits shows
where the clearing and permitting of work fall into the overall planning and scheduling
flow. This plant’s supervisors do not hand out the physical work order forms yet because
they do not yet have work permits fof the jobs.
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Afier the operations group clears the necessary areas, the operators write a work permit
for each cleared work order. Then, it places the permit into a control room folder, box, or
wall pocket for the crew supervisor to collect. The operations group removes a carbon copy
from the back of each work permit to post on a control room bulletin board to provide the
operations group with a visible board of jobs-in-progress.

At regular times the crew supervisors check the control room to pick up the approved work
permits. The supervisors check for permits at the beginning and end of each day. Usually the
supervisors amrive at the plant ahead of the crew to gather new work permits so that they can
hand out respective work orders. They also check for permits as they retun previously issued
work permits from jobs completed during the day. The supervisor hands out the work order
forms, but keeps the permits either in the supervisor’s office or on his or her person.

The supervisor may physically hand the work orders out in a number of ways. A com-
mon practice is through a moming check-in meeting. The supervisor meets with the whole
crew at shift start. The supervisor physically hands out work orders to the lead technicians
making sure everyone knows where they will be working for the entire day. The supervisor
may hand out all the work orders of the day or just the first ones, planning to distribute the
rest of the work order forms as individuals, pairs, or groups of technicians near completion
of their first jobs. The advantage to handing out all the work orders for the day at the begin-
ning is that technicians can plan their pace for the day better. They understand the goal for
the day. This factor probably outweighs a slight disadvantage for them having to keep track
of the paperwork. A lost paper work order form would be a significant problem in an entirely
paper system with no other record of the work. Arrangements where a computer database
has at Jeast a record of each work order make the problem of lost forms less important, Fully
utilized CMMS computer systems have the least worry over lost paper forms where the com-
puter record of the work order is the master and any paper COpy Serves only as a field device
for the technicians. OF course, the trade-off becomes the risk of having the computer system
available and functioning. Paperwork would be that much harder to keep up with, if emer-
gencies frequently seem to interrupt work. Another common practice is for supervisors to
pin wotk orders under Jead technician names on a crew area or supervisor office bulletin
board. Cubbies, file folders, or special mail slots can aiso be used for this purpose.
Alternately the supervisor could write work order numbers on a dry erase board with lined
columns and rows. Some supervisors, whether they have daily crew meetings or not, prefer
personally contacting individual technicians throughout the day making sure each technician

has the right work order and knows where the next assignment is.

Figures 6.25 and 6.26 illustrate possible aids for handing out work orders by placing
them in slot or box structures, Everyone should be aware of work permit policies when
setting up a system for technicians to have access to work orders. The following
arrangements might be duplicated by writing work order numbers on dry erase boards.
Figure 6.25 shows a cardboard, wooden, or metal mailbox arrangement. A supervisor
might create tentative daily schedules for the entire week and distribute the entire allo-
cated backlog. The supervisor might also distribule work orders for only one day ata
time. One problem with a mailbox system is that a paper work order could only be
placed in one box under a single name, usually the lead technician. Each column might
be headed by a group of names or only lead technicians for teams. However, this pre-
sumes the same groups of persons would remain together throughout the wecek or longer.
A dry erase board avoids this problem because the number of 2 work order could be
written under several names at one time. The supervisor might keep the actual work
order forms to hand out when teams are ready for them. Technicians themselves might!
print each work order form from a CMMS computer when ready. Figure 6.26 would be

applicable to maintenance environments where technicians work as individuals (or ity
stable teams) and where specific start times are important. Each technician has a column

of mailboxes or slots where the supervisor inserts work orders for different times of exc-
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FIGURE 6.25 Optional mailbox arrangement to distribute paper work orders to lead technicians.

cution. At the beginning of the shift, the supervisor changes the heading of the previous
shift to the following day of the work week. For example, at the beginning of Monday,
there are headings for Monday and Tuesday. At the beginning of Tuesday, the supervi-
sor.changes the Monday heading to read Wednesday.

One method is not advised for assigning or handing out work orders, Some supervi-
sors take the entire backlog of work from the computer whether or not it has been planned
or scheduled and immediately assign technician names. In this manner, supervisors dis-
tribute their entire backlogs within their crews giving everyone a share of the plant work
orders. This procedure generates the problem of not having any schedule expectations.
Everyone has an individual backlog to work. When they finish one task, they should
move on to the next. However, a major point of planning and scheduling is setting sched-
ule expectations. Supervisors that assign individuals unplanned or even unscheduled
work orders lose these advantages. Moreover, a CMMS computer has worsened this
problem. Assigning a technician a work order in parallel to the planning process many
times may result in a technician printing out the work order before a plan is available.
With a pure paper system, at least the work stays in the planning channel unavailable for
the technician to work prematurety.
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FIGURE 6.26 Optional slotted board arrangement 1o distribule paper work orders to individuals for spe-
cific start times, The second day was still being established.

During Each Day

Daily scheduling is a continual cycle. During each shift as technicians work jobs, the
supervisor manages from the current day’s schedule and creates the next day’s schedule.
As technicians finish jobs, they return the work orders to the supervisor who in turn takes
the work permits back to operations so operations can begin to put the equipment back
into service. 4

Even if there are no special testing needs, the technicians and supervisors must not wait
until the end of the shift to turn in work orders and return work permits. Informing the oper-
ations group promptly upon completion of individual work orders allows more time ©
retum equipment to service and restore plant capacity. Operators can operate the equipment
sooner after completion of maintenance. If initial operation reveals problems or concems,
technicians are then also still on shift to return to jobs and make corrections or advise. Were
maintenance to wait until shift end to return all completed jobs, operators would also not
be able to unclear all the jobs at once. Allowing operators to work throughout the shift
restoring equipment to service levelizes the operations group's efforts.

In addition to coordinating with the operations group, some jobs naturally run over of

under estimated times. The supervisor ensures that the technicians give feedback to help fhﬂ
planners estimate future jobs and the supervisor adjusts the daily schedules for today and

tomorrow as needed. Other situations may arise and cause the supervisor to adjust/the
schedules, such as plant emergencies or unexpected meetings.
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Daily scheduling is not simply a form filled out at the end of the day for the next day’s
activities. Even more important, it is not simply handing out work orders at the start of the
shift. Throughout each day, crew supervisors use the daily schedules as a tool to control
work.

OUTAGE SCHEDULING

Although routine maintenance provides the greatest opportunity for improvement and so is
the focus of this book, this section gives the associated keys to understanding the concepts
of outage scheduling.

The vast majority of plant work orders are tasks for the standing work force. The stand-
ing work force at the plant maintains the plant day in and day out continuously. Planning
leverages that doy-in and day-out maintenance work. Plants frequently overlook the oppor-
tunities within routine maintenance because outages receive so much attention. Managers
view outages as extremely important. They see unscheduled outages as tragedies and
extended outages as fiascoes. In fact, plants organize outage events so well that they effi-
ciently accomplish large quantities of work leaving everyone impressed with how much
work can be done. They often attribute this great amount of work to extra effort based on
the obvious urgency of the situation. However, the success is also due to the organizing
effort, primarily the advance allocation of a specific quantity of work to complete.
Similarly, planning and scheduling for routine maintenance can help accomplish an amount
of work that can equally impress plant management. Planning and allocating a week’s goal
of work to a crew not only creates the same sense of urgency as for an “important” outage,
but provides tools to manage and improve upon past problems. Nonetheless, it is worth dis-
cussing two keys to outage scheduling. First, planning provides accurate time estimates for
larger jobs because larger jobs consist of a multitude of small jobs, Second, the scope of the
outage must be controlled by managing the identification and inclusion of the small jobs.

An outage is normally considered the taking of an entire unit out of service. An outage
is not simply shutting down a redundant process line or piece of equipment. Technicians
many times can perform maintenance without taking any equipment out of service.
Sometimes, technicians require taking only certain equipment or areas of a process out of
service for only a brief period in such a manner that allows the unit to continue producing
product. For example, operators might briefly take makeup water equipment out of ser-
vice provided the plant has reserve tanks of water available. On the other hand, technicians
cannot perform some maintenance tasks without causing the plant to make some or all of
a unit unavailable for service. Maintenance may be able to complete some work while the
plant runs at a reduced capability. For example, technicians may be able to wark on ons
of two boiler feed pumps while a unit runs at half load. Maintenance situations may
require shutting down an entire unit, require no shutdowns at all, or require varying in
between unit conditions. Even with a requirement to be off-line, many plants can shut
down an entire unit with hardly any advance notice or appreciable problems, operational
or ecenomical. Perhaps the company has not sold out its product line leaving open time.
Pethaps technicians can complete maintenance during one shift and the unit can operate
another shift during the same day. Plants normally call the taking of an entire unit out of
service an outage. Outages may be major outages scheduled every so many years to over-
‘haul major pieces of equipment on a routine basis or they may be short outages, either
scheduled or unscheduled.

Some persons also call major outages overhauls or turnarounds. Major outages are when
a plant schedules one or more major process systems for extensive routine replacement,
refurbishment, or other maintenance. The work requires shutting down the entire unit.
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These maintenance activities cannot be accomplished when the unit is operating and are
often too large in scope to be done during shorter outages whether scheduled or unexpected.
Many companies utilize set schedules for these events such as once every 5 years,
However, the advent of predictive maintenance programs many times allows systems 1o run
longer. Plants can then schedule major outages when sophisticated inspection methods pre-
dict the process system equipment needs attention.

On the other hand, a short outage is an event between major outages requiring taking
the entire unit out of service. Short outages may be unscheduled, such as the sudden
requircment to repair a burst boiler tube. The unit cannot run with the boiler tube losing
process waler, 50 the plant must take the unit out of service almost immediately or within
the next few days. The plant strategy may also be to schedule short outages to take & unit
out of service to perform maintenance tasks that do not require immediate attention. The
plant performs these tasks in anticipation that they will lessen the likelihood of later
unscheduled or surprise outages.

An evolution in the timing of short outages takes place as a plant increases its reliabil-
ity through proper maintenance. A plant with fairly poor reliability usually has something
break just when the plant otherwise needs a short outage. A number of work orders sit in
the outage backlog. Yet rather than plan for a time to bring the unit off-line, the mainte-
nance group knows the unit will “uip” or otherwisc require shutting down for some
unforeseen need on a regular basis. Take the example of a steam plant with poor water
chemistry control. Boiler tubes burst periodically requiring shut down for repair. When a
tube bursts with an estimate of, say. 12 hours to repair, the maintenance group springs into
action also working the other outage jobs. The crew stans all jobs in the outage file with
estimates of 12 hours or less. The crew may start longer jobs if the unit is not again needed

immediately or management desires the unit to return in as good a shape as possible.
Longer jobs that management decides not to start would wait for a future outage.

As a plant evolves from total reactive maintenance Lo more proactive maintenance,
short notice outages begin to become less frequent. As fewer unscheduled, short notice
outages appeat, plant reliability improves. Yet the outage backlog first increases in size
because fewer outages naturally occur. As plant reliability improves, the plant finds fewer
opportunities to execute waiting outage work orders. Then the plant experiences some
short notice outages occurring for new reasons. Previously, the maintenance group would
have taken care of certain situations before they became too serious by doing some work
during a short outage. However, when no outages come up, these situations worsen and
themselves bring the unit off-line. For example, if technicians always repacked certain
valves during outages, frequent unscheduled outages were available for this work. As reli-

ability of the rest of the unit rises, the valves themselves begin to cause outages because
the unit cannot wait. The evolution of the maintenance department’s effectiveness contin-
ues until there is a predictability that the unit should be brought down for maintenance. At
this point, management commitment for continuous reliability brings the operations and
the maintenance groups together to schedule shori®regular outages for routine mainte-
nance in addition to the stendard, infrequent major outages. The entire plant including
operations and maintenance must adapt to a strategy of planned short outages to execute
SNOW (short notice outage work). The plant must accept scheduling an outage in advance
when there are a number of serious work orders on the SNOW list or there is a sufficient
amount of SNOW work. The timely execution of the outage work prevents unscheduled
outages. Overall plant reliability and availability increase through the strategy of short
scheduled outages reducing the occurrence of infrequent, but serious, unscheduled ones.
The evolution continues as maintenance and plant engineering perform defect elimina.um'l
work to identify and replace equipment that requires excessive routine downtime.

Moreover, maintenance, plant engineering, and the corporate project group perform defect

elimination work to install plants or systems that incorporate lessons from the past. The
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t.:volutllo‘n results in a superior performing plant capable of full capacity as needed and hav-
ing minimal outage requirements for maintenance.

The evolution of the maintenance department’s effectiveness changes with how it
npproac!les short outages. As a plant rises from routinely having poor reliability to become
a superior performing plant, fewer unscheduled outages become available for work.
Therefore, regular, scheduled, short outages becorme more frequent.

Planning Work Orders for Outages

Many plants.have work orders that they can only execute during an outage. To help the
scheduler quickly select the outage jobs, the plant keeps a SNOW list or SNOW grouping
of work orders. The SNOW list or grouping identifies or even keeps together the work
orders that must be done on an outage, but not necessarily the next major outage.

Ther‘c are only a few differences between planning work orders for short outages and
for routine maintenance. Because technicians have limited time during the actual outage to
gather'parts and information, the company puts more emphasis on planners identifying and
reserving anticipated parts, The planner has time to do this for even reactive jobs when an
outage has not yet started. On the other hand, planners place a high priority on quickly plan-
ning outage work orders. They never know when an unexpected outage may suddenly
occur requiring finished plans.

lqdividual work orders may make up some of the work for major outages, but not nec-
essarily all. Large tasks such as certain turbine work may instead involve special outage
books of notes from previous outages. The planners should take advantage of requesting
help from the specific supervisors and technicians that worked particular areas of previous
major outages 10 determine estimated times and labor requirements. The outage books
should aiso identify parts and tools from previous outages.

Key Concepts in Scheduling for Outages

M_apy individuat work orders of jobs make up outage work. Therefore, the scheduler can
utilize the concepts of advance scheduling developed for routine, weekly scheduling. This
allows the scheduler to make accurate enough assessments of time frames for (he large
quantities of work involved in outages. This concept provides the first key to understand-
ing outage scheduling.

Because outages consist of many individual jobs, the scheduler can apply the concepts
that make weekly work allocations an accurate tool. A scheduler can use planned work
order estimates to determine accurately the duration and labor hours for major outages. In
a routine wgek of maintenance, a scheduler can allocate the right amount of work even
though the time estimates for small jobs have a tremendous amount of variance in individ-
ual accuracy. For example, the planner’s estimate for replacing a single control valve may
vary congdgrgbly. Yet a weekly schedule allocation of 100 jobs smoothes out any vara-
tions of individual jobs. The work force might therefore have confidence that it could
acco!npllsh the overall amount of work in the scheduled week. The scheduler may similarly
consider a single large job to consist of many small work orders and therefore accurately
estimate ]nbc_)r requirements for the large job. The scheduler and planners together can
ﬁ:reforc_ estimate the total duration and labor requirements of overhauling 20 control
:ndves with a 'satmfaclory degree of precision. A major outage consists of many large jobs
Const?; handlmg'of each large job can be approximated to the weekly scheduling process.

cr_the. major overhaul of a large steam turbine consisting of many individual tasks
on many individual systems. The scheduler and planners together can reasonably estimate
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the total duration and labor requirements of restoring the turbine itself. The resloration

involves many small tasks such as disassembly, inspection, lifting, transporting, machin-

ing, coating, polishing, transporting, lifling, assembly, fastening, and alignment, There is
also a myriad of miscellaneous work orders that the plant identified over the past few years
that could only be done during the overhaul. The planners have already planned these work
orders. The scheduler can group them 1o determine their group labor requirements. Overall
the scheduler uses the concept of the grouping of small tasks allowing overall estimale:
accuriacy.

Note that during rowtine maintenance, the crew forecast of labor available for asingle
week determines how much planned work the scheduler assigns. For a major outage, the
amount of work is the independent vartable. That means the amount of work determines
the length of the outage considering basically a set amount of labor each week. Afier
dellermining the initial estimate of the vutage duration, management can evaluate options
to increase the work force. Management may supplement the regular labor force using
24-hour, around-the-clock work shifts or contract labor. Many plants have labor sharing
agreements to heip each other during major outages. For outage mainienance, the sched-
uler adjusts the outage time to match a given amount of work, then considers special
labor arrangements. For nonoutage, routine maintenance, the scheduler adjusts the
amount of work to match a given amount of labor hours,

_ The overall outage can be managed through CPM’s and other special scheduling tech-
niques. However, these techniques show the large groupings, not the minute, individual
mainienance tasks. That is why these techniques can be successfl ully used with the outage.

Because a major outage consists of many individual Jjobs, the crew supervisor must cre-
ate daily or shift schedules as the outage proceeds. A scheduler can set the major activities
and averall times for the outage, but cannot control individual jobs. At the beginning of
each shift, the crew supervisor must ensure persons understand their assignments based on
lhe‘progress of the previous shift. The supervisor must provide this coordination during a
major outage even though technicians usually stay on the same equipment and do not move
around too much between different areas. An entirely different group of technicians may
have worked the previous shift, In addition, the technicians may be executing work that the
plant performs only once every 5 or 10 years. That means the average technicians may have
drastically limited experience with the work over their entire employment at the plant. On
the other hand, the often older crew supervisor may have critical personal experience.

The scheduler gathers appropriate SNOW work orders and sels the labor requirements
and duration for a short, scheduled outage in a similar manner to a major outage. The sched-
uler and management determine the best crew and time arrangements considering labor
availability and shift options.

A single event often drives a shor outage. Consider first an unscheduled short outage.
Consider again the boiler tube that erupts and causes a unit outage. Maintenance must
repair the tube. This single task causes the unit to be on outage and unavailable. For sucha
task, the pertinent crew supervisor and management estimate the duration of the outage, say
18 hours. The scheduler then takes all of the work orders that have been waiting for an out-
age and selects the ones that can be done in 18 hours or less. Maintenance crews then com-
plete as many of the jobs as possible. So for a short, unscheduled outage, the primary job
sets the time frame. Labor availability determines how many jobs the crews can accom-
plish. The scheduling consists of the scheduler or supervisor taking all the outage backlog

Jobs with an estimated duration within that time frame and then considering the persons.
needed to work the jobs. IT there are any backlog jobs that have not yet received planning,
the supervisor guesses the time requirements and includes suitable ones in the outage
scope. The supervisor writes down all the jobs on a daily schedule sheet with hours for.each
of the crew members. This is very similar to the regular weekly and daily scheduling rou-
tine except for one difference. The amount of hours the crew has for the week does not dive

- ——
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the schedule, the outage backlog selected from the outage file by duration does. The super-
visor reassigns persons from their nonoutage tasks currently under way and plans overtime
as needed to get the work done.

The second key in outage scheduling is that the scope of the outage must be controlled.
If the scheduler has a specific amount of work, the scheduler can develop specific time
schedules and labor requirements. If the company allows the amount of work to vary, the
time schedules and labor requirements cannot help varying as well. Although the tech-
niques of accurate scheduling are important, the overwhelming key ingredient in making
an outage go well is agreement on the scope. The scope itself is less important than agree-
ment on the scope. Many times an outage will start with one scope of work, but as soon as
the plant takes the unit off-line, the scope doubles.

This is a simple concept to apply to an outage consisting of 100 work orders. The
scheduler can reasonably set the labor time requirements from reviewing the job plans.
Then the scheduler can establish the overall schedule based upon management preference
of crew shifts. However, suppose the amount of outage work orders suddenly jumps to
150. The scope of the cutage has changed. It has increased by the 50 new work orders. The
scheduler must change the schedule.

This consideration is especially important for major outages where the initial part of
the outage may consist of inspections of major machinery. If the inspections reveal more
serious damage than anticipaled, the sudden inclusion of more work may extend the entire
outage. This is through no fault of the scheduler. After the inspections determine the extra
work, the scheduler must then analyze options of labor or critical path changes for manage-
ment review. This is why outages including major inspections are difficult to schedule pre-
ciscly. The advent of predictive maintenance technologies has greatly assisted scheduling
for major outages. Through sophisticated technology, PdM allows more precise determina-
tion of maintenance needs before the plant shuts down major machinery to begin outages.

Knowledge of the scope of work provides only part of this second key to outage sched-
uling. The rest comes from undersianding that the scope must be controlled. The plant
must identify work as far as possible in advance, The plant must not include new work on
the eve of or even during the outage whenever possible, Late announcements of work
destroy schedules and labor arrangements. Late inclusion of work causes that work to be
poorly planned. The ensuing confusion may also cause incomplete execution of new work
hastily identified. It might also contribute to hasty decisions to delete other work from the
schedule. The company may have already used the set schedule to make arrangements for
production and sale of product which may become expensive to change. Additional labor
necessary to maintain a set schedule with an increased scope may be more expensive or
less qualified than could have otherwise been arranged. Finally, there may be insufficient
advance lead time to procure malerial necessary lo execule the work. The maintenance
'group would not be able to execute that work.

To reduce these changing scope problems, the scheduler first begins identification of
future outages as far as possible in advance. Many companies have 1-, 5-, and 10-year out-
age plans. These plans give approximate periods of all anticipated outages. The 1-year plan
might set specific days or weeks, whereas the 10-year plan may set specific months or sea-
sons, As the outage time approaches, management allocates preparation time for the sched-
ulers and key company personnel to begin defining the work scope and time frames. The
particular scheduling horizons depend on the specific type of cutage, equipment lead times,
and labor resources. Most of the scope definition work for a larger outage is straightforward
Smonths to | year before the scheduled outage starts. The initial project team makes use
of outage files and books. Even work completed every 5 or more years is still repetitious
Wwork. Crews executing outage work must record feedback to make files most useful. The
Period of about 3 months before an outage starts is when scope additions multiply if feft
unattended. During these 3 months, it seems almost everyone knows about new work

L ]
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| requirements. However, with less than 3 months before the outage, there may not be

! enough material lead time or other time to prepare adequately for the new work. Therefore,
the scheduler must pay close attention to the control of the outage scope.

Schedulers commonly control the scope of outages through the use of lists. The sched-

uler may issue a list of known work with a stated main purpose for the outage 6 months to

a year before the start date, The scheduler has an initial meeting with supervisors to iden-

tify maintenance needs. Then, with increasing frequency until the start of the outage, the

scheduler continues to meet with the supervisors and issue lists of identified work,

| Planners or special ovtage planners finish planning the identified work tasks as necessary

18 to have them ready to execute during the outage. An cutage project manager ensures this

cycle of publish, identify, and plan continues up to the start of the outage. Management

support and organizational discipline help ensure giving serious attention to timely iden-

tification of work. Management should not appreciate late identification of outage tasks.

If managers do not wish to have an unexpected outage extension, they must be willing to

| frecze the outage scope and not allow routine additions at some point before the outage

begins. The scheduler might issue a statement at some point before the outage that “Any

i work identified after this week must be arranged and managed by the originator of the

| work.” The early start of giving attention and listing the work greatly reduces the cccur-

rence of later scope additions.

During the course of an outage, the scheduler continues to meet with the crew supervi-
sors to identify completed work. The scheduler also continues to publish lists of work
remaining. The scheduler compares actual completion of blocks of work against expected
completion to measure the progress of the outage. In order (o encourage supervisors o
nttend meetings during the execution of the outage, the scheduler should limit the meetings
to only 15 or 20 minutes,

. After the outage is over, the scheduler should still schedule one or two meetings with
i the crew supervisors, planners, and other personnel, possibly even including technicians.
1 Just as 1 planner needs fecdback to improve future plans, the scheduler and planners seek
information to improve future outages. The final meetings should address what went right
as well as identify where the team could make improvements. These meetings should occur
I soon after the outages before personnel forget information and ideas.
| The plant handles scheduled short outages very similarly to major outages in regard
to work scope. Smaller outages that the plant determines are necessary only months,
_-' weeks, or days before starting, and have similar but less extended preparations made.
1l The operations and maintenance groups together arrange to have a short outage &t a
| future scheduled time to maintain the plant’s capability of operating at full capacity.
This is not a recovery from a trip or loss of capacity. The key to how much work the
maintenance group will accomplish for a short scheduled outage is the plant decision on
the scope of work. The scheduler must continually encourage the routine identification
of work even if the work can only be done during an outage. This ensures the backlog
contains the necessary work orders for an outage befgre the last moment. The scheduler:
assesses what routine preventive maintenance to include. The scheduler reviews any
predictive maintenance recommendations or other corrective maintenance in the back-
log. With this information, the scheduler prepares a preliminary scope of all jobs to

management. The scheduler takes the scope of work and then assesses how long the out-
age should last based on discussions with crew supervisors for crew availability and
management preferences for off shift and overtime work. The crew supervisors creatc a
daily scheduling sheet(s) for the outage to get all the work done.

I often the item that determines the length of the outage. The scope normally consists of all
. SNOW work orders that the planners estimate have a duration of equal length or shorter.
|

| inciude in the outage for review by the maintenance crew supervisors and plant:

' As previously discussed for unscheduled short outages or trips, the primary failure is
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Management must be willing to set a freeze on the scope of even short outages. It must
resist the addition of new work after an unscheduled short outage begins or after setting the
scope of a scheduled outage. Otherwise, management must accept the responsibility for
outage schedule changes.

A final necessary note includes the involvement of the operations group. Timing gov-
ems the success of outage work in such a way that one must not forget the time involved
for operator tasks. Operators must not only clear equipment, but return equipment to ser-
vice. Managers and schedulers must include the operations group in all outage meetings to
discuss clearance and restoration to service of individual components as well as overall unit
shakedown. Operators may have a preference for the timing of the retumn of specific com-
ponents to levelize their activities. Their knowledge may also profoundly affect the overall
scheduling of the outage. For instance, a major stcam plant may sometimes require days or
weeks to clean boiler water to allow return to full capacity. As with any maintenance work,
the maintenance technicians are responsible for delivering equipment that is ready to run.
However, the operators have the responsibility of testing and returning the equipment to
service. Schedulers must include the operators when considering maintenance work.

Two key concepts help the understanding of the scheduling of oulages. The first key is
realizing that the scheduler can only have great accuracy when scheduling blocks of work
arders. Grouping of many tasks into blocks of work for an outage tends to smooth out the
inaccuracies inherent in the estimates of individual tasks. The second key is realizing that
the overall ability of being able to schedule cutage work accurately lies in the control of
additional work 1o the original outage scope. Schedules or resources must change if the
work scope changes. A scheduler can schedule the work scope of an outage. The plant must
controi the scope.

QUOTAS, BENCHMARKS, AND STANDARDS
ADDRESSED

The terms quota, benchmark, and standard see frequent usage in maintenance and should
be addressed in light of the current scheduling context. The normal concepts implied by
these words do not lend themselves very well to a planning and scheduling operation.

. Quotas establish amounts of work that a crew must do. For example, management might
dictate that a certain maintenance crew must always complete 60 work orders every week.
At first glance, the development of a planning and scheduling system seems to have that
very thing in mind. However, a quota is more of a mandatory figure that does not allow very
well for consideration of current events, quality, or actual jobs ever being different from the
plans, Quotas do not provide the answer to superior maintenance. Rather, proper planning
and scheduling set schedule expectations and realistic goals based on current conditions as
well as provide the means to improve upon past jobs. A technician must be able 1o point out
why a job should be extended in the case of special circumstances. There may be valid
schedule pressures and there may be times a technician cannot be the sole judge to delay a
Job. However, these factors must be maturely worked out for the optimum benefit for the
plant a3 a whole. Rather than setting a strict quota of work orders to complete, management
should consider how many technician work hours the crew has available and assist the crew

~ 10 select that same amount of estimated work hours of backlogged jobs that would most

benefit the p]ant. To emphasize that a planning and scheduling operation doe¢s not promote
uotas, consider the following. If it is not 2 quota to assign two persons to a job, why would
it be a quota to assign 2 hours to a job or two jobs to a person?

pensation arrangements that take into account production amount without regard

- for quality form a type of quota. Managgment should avoid these situations or watch them
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very closely. For example, wages based on number of jobs or number of “book hours”
might encourage a technician to pay insufficient attention to quality. It is true that the super-
visor has less need to motivate such piece workers; but are they performing proper work?
Instead, paying technicians by the hour, but giving them sufficient amounts of work to do
requires more supervisor effort, but appears to keep quality higher in focus.

Benchmarks are self comparisons to how other facilities perform in certain areas in
which one has an interest to improve. For example, management may compare how much
it spends yearly on maintenance versus the most profitable companies in similar or dis-
similar industries. The comparisons may let management know if its own maintenance
department is relatively effective. However, a comparison itself may not tell management
how its own company can improve. The other facilities may have certain factors that pro-
vide for their particular success. Simple benchmark comparisons do not readily reveal
these factors. The other facilities must be carefully studied for benchmarking exercises to
become most useful. How similar is the other facility? Perhaps the other plant has a greater
abundance of skilled labor available. Perhaps the other plant has already made the transi-
tion from reactive to proactive maintenance. Perhaps the other company invests regularly
to replace troublesome equipment. Perhaps the company has an active program for main-
tenance personnel input into new plants being built. The point is that simple benchmark
numbers may not tell why plants perform differently. There are often key factors that must
be understood beyond the benchmark number. So it is with planning and scheduling. A
benchmark comparison that shows a plant has a planning department and schedules its
maintenance does not tell if or why those programs are beneficinl. A benchmark telling
that wrench time is different does not tell why it is different. The planning and scheduling
principles in Chaps. 2 and 3 embody obvious factors that influence how well planning and
scheduling work, In addition, the entirety of Chap. I points to other factors necessary for
planning to function. A simple benchmark would be difficult to use among different plants
in many of these regards. Consequently, benchmarking among plants to control a planning
operation may not be as beneficial as closely adhering to the planning and scheduling prin-
ciples and other guidelines presented in this book. Nevertheless, the principle underlying
benchmarking—to visit other plants to pick up good ideas—may invaluably assist lo
improve any aspect of plant operation and maintenance. Benchmarkers should try to visit
best performers. They should attempt to understand how, not just how much.

Another use of the word benchmark implies less of a cross-company comparison and
more of a simple goal or idea of what one’s performance should be. The planner’s estimate
of a job's labor hours do set somewhat of a benchmark in this regard for the technician's
consideration.

Standards present a combination of quotas and benchmarks, but on an individual job
level. A real standard applied to a specific job would dictate beyond any doubt how long
a job should take. One way an engineer or analyst would establish a standard would be
10 study a task as it is repeated many times by different technicians. The analyst or engi-
neer together with some of the technicians might thengdecide the best way to perform
the work. Then technicians trained to perform the work in this best manner would be
timed. The resulting labor hours and duration would become the official job standard.
This approach may be practical for an automobile repair shop where industrial engineers
have studied specific tasks repeatable on identical vehicles maintained in similar shops.
This approach is less applicable to an industrial plant where technicians may repcat spe-
cific jobs only once or twice over the course of a year. There is limited opportunity to
observe and study such work. The manufacturers may have some ability to specify stan=
dard maintenance tasks for their equipment. On the other hand, manufacturers may be
better qualified in the manufacture of the equipment rather than in its maintenance. In
addition, the great diversity in the shop arrangement and personnel skills of the persons
using the equipment may make generic standards useful for a starting point, if practi
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at all. Preventive maintenance tasks may lend themselves to locally developed standards
because technicians may execute them on a more frequent basis than once or twice a
year. Nonetheless, the great preductivity improvement available through planning and
scheduling comes from having some schedule control, not necessarily incredibly precise
estimate accuracy. Typically, the introduction of proper planning and scheduling in a
maintenance organization dramatically improves productivity. Addition of precise job
standards contributes a relatively smaller productivity gain. Normal job planning sim-
ply does not study jobs thoreughly enough to set precise time estimates. The planned
estimates are accurate enough for scheduling work, but not for establishing official job
standards. Fortunately, the ability to schedule the work in a reasonable fashion is all that
is necessary.

Nonetheless, when used less formally, the term standard is somewhat applicable to the
planner’s estimate of a job's labor hours. The planner’s estimates are said to be the job stan-
dard. One must keep in mind, however, that these are not engineered standards, They are
simple, initial determinations of a skilled planner.

Setting estimates and assigning work through planning and scheduling does not neces-
sarily involve engineered standards, production quotas, and cross-company benchmarks.

SUMMARY

This chapter described the specific activities that accomplish weekly and daily schedul-
ing. For advance scheduling, a scheduler simply allocates an amount of work orders for
a week, The scheduler does not set specific days or times (o begin or complete each
work order. The scheduler works with the crew supervisors to establish forecasted labor
hours and then selects that quantity of work order hours for the allocation. Specific
methods, routines, and forms help the scheduler select the best mix of work for the plant.
For daily scheduling, the crew supervisor selects work orders mostly from the weekly
allocation. However, the supetvisor also maintains the flexibility to reassign the crew
for emergency and other urgent work that may arise. The supervisor may follow differ-
ent methods and procedures to select and assign the appropriate work each day. All of
these methods and procedures have certain elements in common, primarily giving each
crew member a full shift of work based on planner job estimates. As plants gain expe-
rience with planning and scheduling, staging certain job items may further improve
labor productivity. These techniques of scheduling greatly assist maintenance in
improving its labor productivity. This chapter described the exact steps of scheduling to
clarify the concepts of scheduling. After understanding the concepts, readers may
nflplcmem alternative steps than the ones prescribed. This chapter should allow compa-
nies to implement their own effective scheduling.

Rout_inc day-to-day maintenance offers the greatest opportunity for planning and
scheduling to make a difference. On the other hand, companies typically execute mainte-
nance outages with much success already. Consequently, this book does not dwell on the
actual scheduling of outage maintenance. However, the scheduling of outage maintenance

! :relles on particular concepts inherent in the practice of routine maintenance scheduling.
One concept is the increased accuracy of time estimates achievable for blocks of work

ma;dc up.of smaller jobs with less precise time estimates. Another concept is the control
of inclusion of the smaller jobs that make up the larger blocks of outage work. If the scope
of work continually changes for an outage, the overall outage schedule must change as
well, Thc chapter addresses these concepts as keys to outage scheduling in addition to
describing the routine scheduling of maintenance work.
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documents may be an option if an original had to be replaced later. Simil?.rly: computer
scanning may be an option that might also enhance researching and planning _!obs. espe-
cially from remote locations. Night time access is restricted because the plzgnnmg offices
are normally locked at night. Maintenance supervisors have the only other maintenance key
rights to this area. Other persons requiring access during the night time would at least hav_e
to register theit entry with operations supervisors that have keys, §ome plants dq not hesi-
tate to place planners on call to respond to night time emergencies to help facilitate file
access and security. Some plants have enabled planners to access computer files from home
to assist supervisors or others who call with information needs making planner office entry
unnecessary. Finally, management commitment and organizational dle:lplme must con-
sider the offense of being careless with taking or returning a file as a serious matter.

SUMMARY

Rather than just rely on the often superior technical skills a planner possesses, a planner
also has many resources availabie to help with planning work. Mpst of these resources
revolve around making the minifiles as useful as possible over time. Forms including
datasheets help collect information and the planner makes frequent use of them. In devel-
oping the minifiles, planners perform another valuable plant service; t.hf: planqers institu-
tionalize plant knowledge. The planners gather the day-in and day-out information that the
maintenance group uses to exccute jobs. The planners ensure that this information becomes
linked to the equipment itself in the planning process to aid future work. ) 4

Perhaps the biggest resource in many plants is the CMMS or computerized maintenance
management system. All in all, the computer can be thought of as a set of minifiles and
forms. The CMMS electronically links forms to equipment to make data and other infor-
mation available as needed regarding that equipment. The following chapter covers the use
of 'CMMS computer.

CHAPTER 8

THE COMPUTER IN
MAINTENANCE

Some persons think that planning work orders consists of handling parts and tools before
jobs start. Other persons think that it consists of developing detailed procedures for jobs
before they start. Still other persons think that it consists of utilizing a computer or CMMS
(computerized maintenance management system). None of these concepts guite reaches the
matk. The proceeding chapters have set forth maintenance planning as a process, one that
gives maintenance managers an increase in productivity. The process gives technicians a
boost on the learing curve from past jobs. The process also gives supervisors job scopes and
time estimates allowing them to assign sufficient daily work toward weekly work goals.

Nevertheless, more than a few persons describe their maintenance planning function by
how well their CMMS works. Many of these persons profess that “everything will be perfect”
when they fully implement their CMMS. Similarly, many persons wonder why planning
“does not quite seem to be working” even though they have installed an expensive CMMS.
Unfortunately, planning is not simply using & computer, and just because a company has a
computer does not mean it even has a planning function. The CMMS can be a tremendous
resource for planning, but it is not planning itself.

Perhaps unreasonable expectations contribute to disappointment for many purchasers of
maintenance computer systems. Larry Beck (1996) refates survey results of manufacturing
executives that indicate they typically require minimal cost justification before implement-
ing such systems. Many of these executives expect productivity gains, but may not have
specific reasons why the CMMS should deliver such improvements. David Berger (1997)
says that the failure rate of CMMS package implementation is commenly thought to be
about 50%, depending on one’s definition of failure. Christer Idhammar (1998) places the
success rate for CMMS packages at only 18%.

Cormpanies must look at computer systems as simply another tool. They are certainly not
the ultimate remedy to one's maintenance troubles nor the ultimate solution to provide
/improvement. Nevertheless, a CMMS is an important tooi, an information tool, Moreover, a
CMMS is not a tool for just the maintenance force; it is a tool for the entire plant or company.
Many companies call their computer system an asset management system rather than a main-
tenance management system. The system helps with information for more than just the
maintenance staff. In addition, the term maintenance has a bad connotation from the prevalent
culture that thinks of maintenance as merely repair of broken equipment. With regard to main-
‘tenance, this information tool is one key to further improvement after the basic processes are
correctly in place. The CMMS does not provide a step improvement as does implementing
the basic process of planning and scheduling, but the improvement is significant.

Planning is also a tool, not the ultimate maintenance solution. The CMMS extends beyond
planning, and even maintenance itself. l;lowever, the planning system also extends beyond the

8.1
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CMMS. Examine the six planning principles against this information loo]. The CMMS does
not dictate that planners should be separate from crews. It does not dictate that planners
should concentrate on future work. The CMMS does require component level equipment des-
ignations for recording information. The CMMS does not emphasize the technical sluI! of
the pianner in setting scopes and estimates. The CMMS also may not count on c{mﬁ_slulls.
The CMMS certainly cannot measure wrench time as only statistical wm:k sampling is ade-
quate. On the other hand, one goal of the CMMS is the same as the planning system, to help
reduce delays. Examine the six scheduling principles against the CMMS. The CMMS does
not dictate that plans should be made for the lowest possible skill level. The CMMS may pre-
sume that priorities and schedules are important, but may not dictate that schedules s_h.ould not
be interrupted nor enforce organizational discipline against setting false priorities. The
CMMS does become involved in forecasting availability of personnel. The CMMS may
allow sensitivity to examine scheduling work hours for 80%, 100%, or 120% of a crew’s
available hours. On the other hand, the CMMS would not dictate the principle of 100% as a
weekly goal. Neither would it normally dictate the principle of working persons below their
skill levels to match job hours to crafts available. Instezd, the CMMS may blend the weekly
and daily scheduling routines into setting weekly schedules on a daily basis by the computer
operator who is a planner, scheduler, or crew supetvisor. The CMN.IS' may help measure
schedule compliance, but it could not on its own first define what activity would constitute
compliance. Finally, the CMMS may not differentiate planning’s different responses to c_hf-
ferent degrees of job reactiveness. One sees the principles that embody a successful planning
program do not come from the CMMS. To a large extent, a.CN!MS is a.datalgasc manager
where planning may seek information. The CMMS contains informatien; it should not
dictate planning strategy. i

Regardless of planning not being synonymous with a CMMS, planncfs are the major
users of such a system when in place. A CMMS soon becomes one of lhe_lr most )ralt.lable
tools. In this perspective, a chapter on the computer’s role in mninu':nance is most justified.
This chapter cannot be all inclusive of the role a CMMS would play in an entire maintenance
organization or plant because this book is about maintenance planning. The influence o_f a
CMMS extends beyond maintenance planning. Nonetheless, the involvement of planning
with a CMMS must be addressed. -

In the context of maintenance planning, the computer helps in two ways. First, it auto-
mates and facilitates existing processes to improve efficiency. Second, the computer can
add value to produce benefits otherwise not practically achievable. On the other hand, the
computer may not affect certain maintenance functions at all or it may add complications
to certain functions in the mainilenance process. -

The previous chapters of this book establish specific strategies and techniques of plansing.
In this context, the following sections address compulterized maintenance management sys-
tems. The first section covers what is meant by computerization. The next section addresses:
the relative value of computerizing different areas of maintenance. Then th.e use of tem-
plates or “canned” maintenance solutions is covered. The logistics of becoming_ involved with
a CMMS and having a user friendly system is discussed. The last section provides suggested
CMMS features applicable to this book's philosophy of planning. These sections aiso make
reference to App. L, which gives examples of several of the points of discussion.

TYPE OF COMPUTERIZATION 2

To establish a framework for discussion, it is helpful to review the bgsics. There are W{“
major issues with a number of associated minor issues. The two major issues are what type
of computer system is involved and who creates the software.

THE COMPUTER IN MAINTENANCE a3

There exist a wide variety of types of computer systems. The first computers were
mainframes, and many company software applications today still operate on them.
Mainframe computers themselves are expensive, as are the in-house information systems
(IS) groups staffed to develop and maintain the software for them. Some mainframe
maintenance applications are fairly sophisticated and helipful. However, in-house infor-
mation systems groups usually prioritize the handling of basic company applications
such as payroll, human resource systems, and general ledger accounting ahead of com-
puterization of maintenance functions. Many organizations with only mainframe computer
capability do not have much of a maintenance computer system. These maintenance
groups may have certain codes tied into the payroll system and can use this limited infor-
mation for certain analysis. With the advent of personal computers, many maintenance
groups began to use maintenance applications on individual computers not tied into any
company-wide systems. A single individual that operates the CMMS for everyone keys
individual computer applications. With networked personal computers, maintenance
applications allow more than a single person to review or manipulate information.
Networks may be LAN (local area networks) at the single plant site, or WAN (wide area
networks) covering multiple facilities over a large geographic area. Many companies are
transferring their software away from mainframes to networked computers using client-
server stuctures. With the evolution of more powerful personal computers and networks,
client-server structures allow large databases and programs to interact from central com-
puters with local computers. Small systems run from individual personal computers and
simple networks may not need IS support. More complex networks and client server
applications require 1S support.

The developers of maintenance software may be in-house personnel or vendors. The
advantage of using in-house personnel is having control over the customization of the sys-
tem. Unfortunately, as mentioned above, in-house IS personnel may give maintenance
work less attention than desired. In addition, in-house IS and maintenance personnel even
working together may not possess as much knowledge or skill as could be obtained
commercially. Then, once IS writes a program, it may have limited resources to upgrade
the software continually to take advantage of new computer technology or maintenance
practices. CMMS vendors are usually in a position to incorporate the most successful main-
tenance practices across a number of companies and even industries. The market also drives
CMMS vendors to keep up to date with computer technology. Theoretically, instead of a
small, in-house 1S st developing software for a single maintenance group, a CMMS vendor
can maintain a large staff developing the best software and sharing the cost over many
maintenance groups. Moreover, the CMMS vendor specializes in the software, whereas it
may not be a central concemn to an in-house staff. Finally, an in-house staff generzlly
appoints a single individual to the maintenance of maintenance software. If this individual
was the developer and left employment at the company, the maintenance group may suffer
due to few persons being able to pick up the software issues. Contrary to this situation, if
the in-house individual left a vendor-supplied CMMS, the CMMS vendor would be able to
provide assistance for continuity.

The conventional wisdom in the maintenance industry appears to be working with the
IS group and selecting a vendor CMMS that closely mirrors one’s current maintenance
process. A company would pay the vendor to provide some initial customization. Then,
ongoing management of the software would be by maintenance fee with the vendor with
in-house personnel performing some ongoing customization. Under no circumstances
would the in-house group receive the source code from the vendor and make modifications

‘that might render the system unrecognizable to the vendor’s spectalists, What a mainte-

nance group desires is a system that automates how it currently conducts maintenance. The
mamtenance group also desires some value added functionality that allows accomplishing
certain tasks not practical without a colputer. It does not want to procure a CMMS in the
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hope that the computer will teach it how to conduct maintcnancc_ properly. If a company
does not already have a good maintenance process, it should wait to computerize,

In contrast or opposition, the maintenance planning group may benefit from computer-
ization without buying a CMMS. All planners should have access to the Internet and email.
One mechanical maintenance planner helped an electrician find an exact Procedure for
replacing a faulty device manufactured by a company that had be_cn out of business for over
10 years. The planner searched the Internet and had a vendor email him an exact n:plnccm_cnt
procedure within a half hour of looking. Finding information and parts. and even purct!amng
items on the Internet may boost a maintenance organization. Searching for M.SDS infor-
mation may be practical although legal requirements may dictate hav!ng on-site records.
Other computer programs without a CMMS may help maintenance. A simple datfabase pro-
gram may adequately store nameplate equipment information. A clerk may easily be able
to type and print work orders for PM’s with a simple spreadsheet and word processor, A com-
pany should not purchase an entire CMMS with the sole benefits expected to be the auto-
matic printing of work orders and the replacement of a single clerk.

BENEFITS WITH THE CMMS

Arguably, these are the benefits of having a computer system mostly from a maintenance
lanning perspective,
P Comgpﬁferipz?ng the inventory system produces the overwhclming_lgrgest va_luc ‘added
benefit. Knowing part availability and allowing economic order quantities to maintain part
availability give a major financial saving. It is not unheard of that computerizing inventory
might reduce a $5 million inventory level to $1 million in a single year. The company savings
from inventory alone justifies the purchase of 1 CMMS. On the other hand, many company
storerooms have already computerized their operations with inventory-only spﬁware with-
out the purchase of a CMMS. The value of the benefit of converting an existing computer
inventory system (0 one contained in a CMMS package is less significant. Noncthelc:f»s,
many computerized storerooms utilize mainframe systems and must convert to nonmain-
frame systems for financial reasons, Early involvement of maintenance management with
storeroom management may help the company make a strategic decision to procure a CMMS
for everyone to utilize. Regardless of whether the inventory system is standaione or part of
a CMMS, planners should be able to locate and reserve parts f9r specific work orders.
Simply providing easily obtainable reports gives the maintenance group its second
largest benefit from a CMMS. This is another value added opportunity and not merely an
automation of an existing process. Management and others nged mformau_on o W?fk
within and improve a maintenance organization. A CMMS provides valugble information
often not otherwise available. How much did a particular piece of equipment cost the
company over the last 5 years? What are the most costly systems jn terms of maintenance
expenditures? What is the current backlog of work orders? What is 'l.h'c current backlog of
work waiting on parts? Whal is the current backlog of work for electricians in lerms of: v..'ork
hours? What work orders caused Jost availability over the last week? Is this trend n:smg?
What work orders could be worked tonight if there was a short notice outage? What is the =
trend in percentage of reactive versus proactive work orders over the last 2 years? Hnw‘ |
much have failure and breakdown work orders been reduced? Which crew has the greatest
amount of failures occurring in the systems it maintains? Which work orders N‘l;
waiting for planning? Which work orders have been completed, but not closed becal:IIc 0
drawing revisions needed? Are there any planned work orders that can be worked i;’;:
with the emergency job just started in this system? How many hours are spent forPM?? i
many hours are spent for corrective maintenance that is generated from PM work? Jus
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knowing that there are 651 open reactive work orders may cause management to take more
decisive action than a previous feeling that the backlog was around 50 work orders. As one
can see, management can determine the degree of success of the maintenance program's
cffonts with information readily available from a CMMS. To make the CMMS information
usable requires effort on the part of the planning organization. The planners normally code
work orders to allow future reporting or analysis. Codes such as type of outage required,
type of work, and equipment system are necessary. The planners are the persons most
familiar with the plant coding structure and provide consistency when they assign codes to
new work orders each day. Whenever they handle them, planners should also scan work
orders for “sense” and correct inaccurate information.

The next most valuable benefit of the CMMS is the finding of work orders. This
includes work order loss prevention and determination of current work order status. It also
includes sorting work orders, a benefit similar 1o the report benefits. First, the manual
method of assigning paper work orders to crews involves a risk of lost work orders. If the
physical piece of paper becomes misplaced, the work request might be forgotten. This
might not appear to be a problem for the plant management used to thinking of mainte-
nance assignments as missions to correct obviously failed equipment. How could these
work assignments be forgotten? However, the maintenance group accomplishes its critical
ohjective of preventing problems from happening in the first place through regular identifi-
cation and correction of miner deficiencies. If one of these paper work orders becomes
misplaced, its Joss may go unnoticed until the minor deficiency becomes a glaring problem
that mainienance could have avoided. A maintenance crew that normally focuses upon
urgent work orders may tend to put off working less urgent work. Even a good filing system
may occasionally lose paper work orders that maintenance does not immediately execute.
The CMMS avoids this problem because the work order is not ever considered to be the
physical document in the first place. A work order is literally what the term suggests, an
order to do certain work. That identification of work resides in the cotnputer as the actual
work order. Anyone can run a report showing a listing of all work orders at any time, If a
technician loses a printed out document describing the work, the computer stili shows the
work required. The technician or supervisor can print out another copy of the work description
if desired at any time. This benefit does not require a CMMS and could be derived from a
simple database of work orders recorded by a clerk each day. The management commitment
required under such an arrangement would be the insistence that supervisors are responsible
for the work on the database listing, not the physical documents they have in hand. In addi-
tion, if a paper work order is lost, someone would have 1o recreate the document from the
database. These arrangements usually run inte some difficulty with paper documents lost
after work completion either in the field or the minifiles without the clerk registering their
completion. Then, the database is obviously less current than the actual holding of paper
work orders as an indication of work not completed. On the other hand, once the mainte-
nance group adopts a more complete CMMS, supervisors seem to take better ownership of
helping update work order status. The supervisors begin using the CMMS database to orga-
nize and manage their own work. Management’s claim that the CMMS has the real work
order and its status also appears more credible. The second part of this benefit is realized for
the entire plant as the status of each work order on a CMMS begins to have real value, Before
the CMMS utilization, the originator of a work order had few means of determining if the
work requested had been done or would be done. If written a month before, the originator
might well presume the maintenance group had put off the work order for the indefinite
future, The work order had gone into the black hoie. With most network CMMS packages,
the originator can easily find the pertinent work order through a number of different
search options. The originator might be able to hunt by work order number, originator name,

of approximate entry, equipment number, or any number of choice key words of prob-
lem description, After finding the right work order, the status of the work order is evident,
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er waiting for approval, planning, scheduling, or closing of the paperwork. an major
‘;:\:l; slation l'imghllznpsophisgcated CMMS package for the sole reason of all_owmg opera-
tors to find work orders and their status. The planners, schedulers., and supervisors also use
the CMMS package's ability to find work orders to sort out certain work orders. A.planner
might easily find all the new reactive work orders to plan fof the day. A sche.dulcl: might sort
all the work orders that have been planned in order of priority, system, and job size to facil-
itate scheduling work for a crew. A supervisor might sort out all the work orders already
assigned and in progress as a listing to help manage She. day’s activities. Beports and:ctlcr
visibility of equipment work orders help the plant optimize equipment maintenance and cap-
jtal investments timing as well as make better repair versus rep_lace decisions. The ability of
a CMMS 1o give a view of what is out there in real time is an important befncﬁt. S

A very closely related benefit to making reports ava!lab.le is _the linking nature o

CMMS. The CMMS is an automation of the miniﬁles'lmkmg_ history, parts, procedures,
safety data, tools, and other information directly to specific equipment. Operators can keep
track of standard clearances. Maintenance personnel can keep track of warrantee and
service agreements, Planners and engineers can keep track of cost. The CMMS connects

is different plant data to the equipment.
all |]l?:t:yclrncl this j?)ining benefit, the CMMS provides another pl‘nnt advnnmge:. In thc. past,
different plant departments kept various independent rccords. of important equipment infor-
mation, many times duplicating the work of each other. For instance, three different groups
might have a record of nameplate equipment data. One p}'oblem from this arrangement was
when the maintenance or project group replaced the physical equipment. Not all of the plant
departments might update their nameplate data. In tume, the different dep:fmn.ents ended up
with conflicting information in their records. The advent of computerization made this
problem of conflicting plant information worse. Personal computer sprendshcc.ls and dfata-
bases allowed easier organizing of dats, and departments begen to collect more mformfmon.
A hodgepodge of plant data resources exists at many plants. The network Cl\f[MS provides a
solution to this situation when everyone can access a common database for different types of
equipment information. Authorized persons in each department can update a common
database a single time with the latest information. The database shquld represent th_f.: latest
information any of the departments possesses. Work ordFr and equipment mfon_nauon can
also be remotely viewed through the CMMS. Instead of journeying to the planning depari-
ment to review minifile contents, engineers and others can ﬁqd what !hey want on _the com-
puter. Instead of going to the engineering department to review equipment technical datn,
planners can find what they want on the computer. A plant should consu}er lm?lemcnung a
CMMS ahead of the proliferation of multiple databases aropnd the plant if pos_s:blc.

The CMMS provides another benefit to the planning department with rcga.rd tln
manipulating scheduling information. An advance schedule shqu]d |:|ormally bea S'Ef e
allocation of work, and a daily schedule should involve the supervisors pcrsol!al know_ cdge
of crew individuals for best work assignments. Nevertheless, a Cl\:lMS might fn:clhlate
some of these efforts. In addition, the CMMS allows easy “what il reviews of d:ff'erent
alternatives. The CMMS also allows easy publication of the schf:dule to anyone mt.el'-l
ested. This promotes better craft coordination as well as operations group equipmen|

ce arrangements. . 4
cle:;zr;" the crgms helps the maintenance department by automating the PM gencr:;:tf
of work orders. A small plant may avoid having a clerk to generatc PM work orders i
ually from a master spreadsheet. The cost of having a clerk generate PM work ord:krsorders
ually may not be significant for a bigger plant. However, the volume qf Pm wocorrectly
for a bigger plant may be large enough to cause some concem over having them

issued and assigned. The CMMS precisely sets the PM work orders each time they are

. . : cors
issued. Although these PM logistical advantages may seem lsh.ght,_the: m}porm:'lce of
rect preventive maintenance to the maintenance group’s mission is significan
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CAUTIONS WITH THE CMMS

Of course, the most obvious downside of computerizing is thinking that a computer will
correct a faulty maintenance process or philosophy. Computerizing a poor maintenance
process will not help maintenance. Karl Kapp's (1996) *USA™ admonition must be heeded:
“Understand, then Simplify, then Automate.” The computer may create the illusion of
progress and maintenance advancement when equipment performance has not improved. One
must guard against the computer becoming a distraction to real maintenance improvement.

There are also other considerations to be made when computerizing. One of the fore-
most concemns is the reliability of the computer system which may be a function of the
particular CMMS package, the plant computer equipment, or both. The more a plant counts
on the CMMS to assist with daily maintenance functions, the more the CMMS has to be
available. It is not acceptable for the computer system to crash routinely as planners and
others utilize the CMMS to perform their jobs. If the operators write work orders in the
middle of the night, the CMMS should routinely work in the middle of the night. If
the planners report to work at 6:30 am to code work orders, the CMMS should routinely
begin work at 6:30 am. The IS department must accept the same philosophy as the mainte-
nance department that its job is to provide an operating machine, not provide a repair ser-
vice when called.

On the other hand, the planners and the maintenance department should understand their
jobs well enough to be able to carry on in the sudden absence of the computer system. There
should be a backup plan such as allowing operators to submit emails in the absence of the
CMMS and phone calls in the absence of the email. Planners should be able to scope jobs
and prepare work orders with plans in the absence of the computer. Those paper minifiles
also become very useful in the middle of the night when technicians with little inclination
to log on need a simple piece of information on certain equipment. Do not be too hasty in
discontinuing the collection of paper documents.

Another area of caution is cost assignment. The planner’s estimate, the job hours
recorded on employee timesheets, and the hours recorded on the returned work order itself
may all differ. In addition, none of those three amounts may accurately reflect the hours the
technicians did spend on the job. Computerization only automates what data is entered.
Users of reports must be familiar with the possible shortcomings of analysis made from
computer data.

Another new problem potentially arises after computerizing, especiatly when a company
fully implements a sophisticated CMMS. Before having the CMMS, paper work orders
moved sequentially from originator to planner to scheduler to supervisor to technician. There
was always the occasional urgent work order that went from originator straight to the crew
supervisor, but normally technicians did not receive unplanned work orders for routine main-
tenance. The work flow system kept the technicians from even knowing about the work pre-
maturely. However, this changed with the advent of the information sharing CMMS. Now
technicians and supervisors can routinely view new work orders for equipment in which they
have an interest. A common scenario as this presents itse!lf; A work order is written Thursday
night, and on Friday moming a technician views the work order, prints it out, and completes
the work, all without changing the computer status. Also on Friday, a planner views the
work order, but because of the work arder’s low priority decides 1o plan it on Monday. On
Monday the planner completes the plan and changes the status of the work order to waiting-
1o-be-scheduled. On Tuesday, the planning department clerk receives the completed work
order papers from the field crew and changes the work order status to closed. The planner
reviewing the work order paper is frustrated that the technician worked the jobon anunplanned
basis. Later when reports are run, because the computer indicated the job was planned, the
Crew gets credit for completing planned work. This type situation is not uncommeon and
Iequires management commitment and organizational discipline to manage. A successful
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planning effort aiding technicians with information from past jobs and aiding supervisors
with scheduling control information both encourage crews to seek job plans before beginning
work. A proactive, professional maintenance organization also helps.

Finally, computers add to the temptation to compile unnecessary metrics. Computers
allow collection and arrangement of data much more easily in many cases, but certain met-
rics are unnecessary for proper management. The compilation of them wastes the time of
analysts and managers. This is part of the distraction capability of a CMMS.

LESSER IMPACT WITH THE CMMS

Considering the CMMS an umbrefla program that allows everyone to use common data-
bases, there are certain maintenance functions that may not be major pants of the CMMS
system. Some of this may be due to the impracticality of computerizing and some may be
due to the avoidance of wanting “to reinvent the wheel.”

First, there may be some areas that are impractical to computerize. For example, some
mainienance practitioners profess wanting to eliminate paper documents totalty. Many
companies have paper morgues bursting with old documents. Yet, is paper elimination a
practical objective? It seems that there should be room for a 1-2-inch minifile for each of
10,000 pieces of equipment. Is it also practical to scan entire O&M manuals into computer
or microfilm archives and expect easy retrieval? Would the additional step of searching
discourage planners from utilizing this resource? It may be best to allow planners easy
access to fast scanners to scan specific sheets as they find them in O&M manuals and attach
them to specific work order plans for jobs. In this manner, the planner builds the computer
files while building the paper minifile with particular O&M pages.

Second, a single computer program that does everything may not do any one thing partic-
ularly welt. CMMS programs tend to handle certain areas fairly well, such as equipment
and work order history databases. However, other portions of the overall CMMS program may
simply be focused on “providing a complete product.” Areas where the CMMS vendor may
have less expertise may be tool management, predictive maintenance, and document scanning
and retrieval. Many CMMS packages deal acceptably with their limitations and form alliances
with other Software vendors. A CMMS vendor with less experience with imaging may incor-
porate the successful abilities of an imaging software developer. In this manner, the CMMS
package is able to bring a best-of-class performance together undet a single-umbrella program.
In addition, some CMMS vendors are more adept than others at allewing their programs to
communicate and integrate with existing software and programs that a plant already utilizes.

Predictive maintenance might be one area best left separate from the global CMMS,
Predictive maintenance software has evolved to a high degree of performing trend analy-
sis, analyzing fairly complex daw, Many plants best leave the predictive maintenance
£roup running its own software and keeping its own database of trends. However, the plant
should insist that the PdM group should utilize the plant CMMS for maintaining equipment
nameplate data and writing work orders. The PAM group should also utilize the same equip-
ment identification numbers in its software. In effect, the PdM group functions as an inde-
pendent laboratory providing specialized service to the plant.

TEMPLATES

Templates warrant a special comment with regard to the planning principles set forth in this =
book. Templates provide quick and easy solutions to common equipment problems. For
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example, a planner might have a pump with a problem. The planner might search a CMMS
package’s template function for pumps. The CMMS would show the common problems a
pump might experience. Then the person might select which problem the pump has symp-
toms for and the CMMS would list common solutions for that problem. The planner could
then select the desired solution and the CMMS would deliver a procedure for the job plan.
The CMMS provides a master generic troubleshooting guide to boost planner efforts. In gen-
eral, the problem with this approach is that the planner usually has adequate information to
help determine the equipment problem. For one thing, the planner is a superior technician
with specific experience with the plant’s equipment. For another thing, individual equipment
usually fails in only one or two favored modes that the minifiles should have well documented
after even only a short time. For another thing, the technicians are usually skilled enough to
make many repairs without having a generic procedure. What the technicians need are spe-
cific part numbers and other information recorded from previous jobs to avoid past delays.
Generic repair procedures cannot contain this information because this information is specific
to individual pieces of equipment, not types of equipment. Specific troubleshooting guides
included in specific equipment O&M manuals are more helpful than generic templates con-
tained in some CMMS packages. Overall, most templates are too general in nature,

LOGISTICS

Unfortunately, the decision to utilize a CMMS does not result in 2 computer being up and
running the following moming with everyone fully familiar with how 1o use it. Will every-
one use the computer after it is installed? Who should be involved with selecting a system
and what is involved? What is some helpful advice on planning with a computer? This
section addresses these issues.

First, whether everyone will use the CMMS depends on how user friendly the system is
and the interest of the work force. With the advent of email to disseminate company-wide
information, all levels of many companies are rapidly becoming computer literate. The
rapid acceptance of using a CMMS may surprise many persons. One plant installed a
CMMS at first only to track paper work orders and to provide equipment data for planners.
Management at the plant decided that everyone should have the option of writing their
work orders directly into the CMMS. The person actually responsible for implementing the
system expected only 10 to 20% of new work orders to be directly entered. It was a great
surprise that over 95% of the subsequent month’s work orders were entered directly. The
plant soon made the direct entry mandatory and eliminated the need for a clerk to enter
work orders each morning.

One thing that seems to make a difference is having a special, user friendly screen that
walks originators step by step through the process of entering the work orders. Another aid
to helping persons utilize a CMMS is providing a slimmed down user's booklet, The typi-
cal 1lhick volume published by many CMMS vendors contains more information than the
fypical person needs. The plant can publish its own versions of specialized instruction
booklets for specific users. Appendix L contains sample slimmed down versions for plan-
ners and other users. Brief training showing specific helpful uses of the CMMS should be
conducted by plant personnel familiar with the system. Training provided by the CMMS
Vendor on vendor supplied databases typically does not represent the screens as the plant
has customized them nor does it utilize representative enough equipment. The vendor train-
ing may also dwell on modules the plant does not intend to implement. In addition, the ven-
dor training may presume a maintenance approach not utilized by the plant, Key plant
petsonnel, such as the plant individuals who understand the maintenance process and are
leading the implementation of the CMMS, should take as much of the vendor supplied
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training as possible. Then these persons should train the different persons at the plant for
their planned usage using actual plant databases and customized screens. Appendix L con-
tains a sample plant-wide training outline. The planners will be the major users of the sys-
tem, and the training for them will usually include much hands-on time from the plant
persons implementing the sysiem. Planners themselves will help develop the usage and
customization of new modules to suit their needs. There should always be one or two per-
sons at the plant site who can answer most questions of plant persons.

The second major issue concerns who and what is involved with selecting a system. The
system is usually selected by a team following a usually predictable selection routine.
The actual instaliation may proceed all at once or in predetermined phases over several years,

The persons involved in selecting a CMMS tend to be the planning supervisor and a rep-
resentative from the IS group being led by a plant engineer. This group has frequent inter-
action with the maintenance manager. The maintenance manager may have to ensure that
the 1S group does not overwhelm the selecting group with inadequate mainteniance process
knowledge. It is also important that the plant engineer understands the planning and main-
tenance processes. Another person on this team should be a person that will become the
system administrator. This person will set passwords and grant other rights to users. This
person may also create standard reports and do some screen customization. It is preferred
that the system administrator be a plant engineer or maintenance representative rather than
an IS person for several reasons. The plant needs a local representative available to answer
questions who understands the plant maintenance organization and processes. The system
administrator choice should provide a person who will fulfill the role for years to come
rather than as a current IS assignment. Many persons feel that it is better to have as a sys-
tem administrator 2 maintenance person who develops an interest in computers rather than
a computer person who becomes interested in maintenance. The system administrator
should coordinate larger tasks of modification with the IS department or the CMMS
vendor. Planners play a major role in utilizing a CMMS, but being a system administrator
consumes a lot of time. It may be practical to have a planner fulfill this role if there is an
abundance of planners, but this is usually not the case. Of course, for standalone, single user
versions, planners may be the only users that directly enter or exiract information. A planner
would naturally be the choice system administrator. With this team of persons, the company
might begin to select a CMMS, Teams such as this also frequently employ the use of a con-
sultant to do much of the legwork and supply more familiarity with CMMS systems during
the selection process.

The actual selection process tends to be somewhat the same for many companies. This
is a very simplistic overview. Obtain a clear idea of the objectives of why management
wants 1o buy a CMMS. Assemble a team for the selection. Obtain internal views of what
system features are desired. Determine initial selection criteria. For example, some com-
panies desirc a CMMS vendor to be an established company that will stay in business.
Some companies want specific industry experience. Some companies want geographical
closeness for support. Sume companies require a specific operating platform. Survey tech-
nical magazines for summaries of systems. List likely systems. Gather literature from these
companies. Call and ask questions to see how they view maintenance. Expect to establish
a long term relationship of support and continuing improvement. The ability of the cont-
pany and vendor to work together as a team in the future should be evaluated along with
the other technical requirements. Develop ideas of prices to review with management
because complete systems range in price from under $1000 to well over $250,000. Invite
vendors to make presentations and demonstrate systems, Refine and weigh selection criteria,
Investigate selected systems. Check the claims of vendors where appropriate. Ask for

unabridged users lists and call users, Visit other plants with the software. Call the CMMS

support lines for responsiveness, Negotiate and sole source or bid final candidates. Do not
expect any one system to be perfect.
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OnF thing that surprises many companies is that the purchase price tends to represent only
a fr_'acuon of the investment the company will make, perhaps only 20%. The company personnel
to install and administrate the system consume an enormous amount of time. There is also the
matter of computer equipment upgrades cither initially or over time. The leading software
vendors continuously upgrade their product. Usually a company pays a yearly license fee to
have access 10 free upgrades and technical support. The CMMS vendor usually makes avail-
able an upgrade every other year or so and has a new major release every 3 (o 5 years. These
changes to the software come about because of the research being done by these vendors and
b_ccause computer technology is evolving at breakneck speed. Thus, a company has to spend
time and effort simply staying current with the latest CMMS software from the vendor
already scl;cted and utilized. If a company does not choose to install the latest software, the
company risks soon having a system that neither the vendor nor the IS department can well
support. "I'hls is not all bad. As computer technology evolves, companies may be upgrading
shelr equipment anyway. In addition, the expenses paid to coordinate CMMS upgrades are
investments in proper maintenance. Poor maintenance is very expensive as well.

Implementing new software also requires other expenditures and efforts, The data will
have to be initialized into the new system. An inventory system already computerized
might have to be downloaded into the new system. Who will make the links? Does the IS
department have time to wrile these “scripts” and execule them? Many companies have a
consultant who helped them in the CMMS selection or the CMMS vendor themselves help
make the. transfers. If this is planned, it should be part of the selection process.
Comgule:_'lzmg inventory for the first time will require data entry. Does the maintenance
organization have the time to do this? Can temporary help be hired? Who will direct their
efforts? Ca-n the consultant take care of this? Similarly, does equipment already have
unique equipment lag numbers? Is there an existing database to transfer? If not, who will
decide how to number equipment? Who will hang the tags and enter them into the CMMS?
_Will the CMMS have to communicate with other company programs such as payroll or
inventory? thr will program these relations? The IS department typically is cautious with
new programs interfacing with existing ones. Who will enter all the preventive mainte-
nance tasks? Could the consultant supply clerical help to transfer an existing PM listing into
the CMMS? In addition, as the new system is implemented, many specific details will have
to be handled as they arise. Questions such as what to do if the new program mandates the
use of a different term for waiting-for-scheduling will arise daily.

Also, do not presume that a CMMS must be installed fully all at once. It may never need
fu!l msm‘llauon. If the company bought the CMMS for inventory and work order tracking
1t s possible that labor calendars and vendor registries might wait forever to use, The equip-'
ment module might be initialized gradually as needed to reference work orders, and the
company would be wise to soon initiate automatic generation of PM’s. The planners might
initialize the planning module gradually as they become familiar with the CMMS. Be cantious
!hal some CMMS systems have used relational databases to such an extent that one cannot
implement only a portion of a CMMS package. Appendix L shows a sample milestone
schedule_of the phased implementation of a CMMS, The decision on how to proceed with
package implementation rests on many factors. These factors include mature judgments as
to whag value each feature of the CMMS holds, personnel and money available for imple-
metitation, a{ld management’s desire, willingness, or patience. Management may be willing
t allow full implementation, but may not have the patience to provide support for a schedule
of several years.

. Some helpﬁfl advice on planning with a CMMS may include the following. Try to
-mcol'poralf.'. equipment numbers into job plan numbers. This will make it easier to use job
plar}s for similar cquipment as a starting point. For instance, different job plans dealing with
;qmpmcnt N02-FC-003 might be numbered N02-FC-003-1, NO2-FC-003-2, N02-FC-003-

REBUILD, or N02-FC-003STRAINER. Each plan would have an equipment type code
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name at the beginning of the work order descriptionlev.en tl'mugh there is zt.sepa:ale ﬁcl_d
for equipment name. For example, the problem description line would state “2A BFP leak-
ing at seal.” Reports that list the work orders will then make more sense. Have someone
attend and participate in CMMS users’ meetings. These meetings allow the CMMS: ve:'{dor
to grow and develop its product to be more helpful. Try to mﬂue_nce the product direction.
Also, try to network with other users of the CMN!S to exchange ideas and have contacts to
call for advice. Buy computer typing games to improve planner keyboard proficiency if
needed. A major question always arises regarding_old closed work orders. Should !he'zy be
entered imto the system? It might seem relatively simple to hnye a clerk enter them, it is not
at all practical to do so if the work orders reference no equipment numbo_:l:s. Even |!' the
equipment numbers are present, this effort may be unnecessary. The repetition of mainte-
nance operations on specific equipment soon generates helpful information for mainte-
nance planning purposes. There is not a critical nefq to enter past yvork orders and a
strategy of work order entry “from this point forward” is frequently satisfactory.

SPECIFIC HELPFUL FEATURES FOR PLANNING
AND SCHEDULING

From the standpoint of planning and scheduling as presented in this book, the following
represent some helpful features that may not be common on some CMMS systems.

The CMMS would make it easy to enter actual job feedback and have a check-off for
different job delays. It would be easy to update actual parts and tools used.

Most entries would be done from a minimal number of screens, preferably a single one
that resembles what is printed out as the work order form.

The planner could go to an O&M type module that contains most equipment and job
plan information, just like an actual physical O&M notebook. The planner can cut and paste
from this manual to form job plans for individual jobs. The manual would in a sense hn.ve
a master procedure detailing everything that could be done on the pump, complete with
general stepsy parts, and tcols. This plan woulfi actually be fieveloped by the planner as n;::
jobs are planned and feedback is received. With each new job, the planner \\fould check
master to see if the details are present from which to cut a_nd paste. Otherwise, the planner
would add new steps to the master to represent this latest job.

The entire CMMS would be backed up daily automatically, probably along with the net-
work automatic routines.

The CMMS inventory function would automatically record the ervious use o_f pmt;
by equipment. This would provide an ongoing development of a parts hgt foreach p1ecc]o
equipment as maintenance works on jobs, Unfortunately, many CMMS inventory modules

do not provide this automatic feature because they presume the plant has a complete set of

parts lists for all its equipment. The modules primarily concern themselves with tracking
quantities on hand and reservations for specific work order numbers.

The PM function could handle routes on multiple equipment and register the history"

with the individual equipment.

The company could easily add fields to link or track particular codes or information
as needed.
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One could easily find work orders and their status.

Supervisors could easily update job progress to help schedulers obiain backlog infor-
mation.

Supervisors could easily keep on-line calendars 1o help schedulers obtain crew forecast
information,

The scheduling routine would “work persons down” into lower skilled, but higher
priority jobs as necessary to create the weekly allocation.

Supervisors could easily assign names into a weekly schedule for a single day.

Schedule compliance would be based on jobs started.

Timesheet information would form the actual cost collection, not feedback on work
order forms,

Company would be easily able to implement the CMMS partially or in phases.

Email could be saved by equipment in the CMMS,

SUMMARY

Obviously, planning encompasses more than utilizing a computer. Nevertheless, a modern
CMMS can be an important information toal. The planners need an accurate filing system,
and the CMMS links a tremendous amount of information to individual pieces of equipment.

Many companies that implement CMMS packages are disappointed in the resulis. This
disappointment appears to stem from only having vague expectations of what the results
should be or how specific resulis were 1o be achieved. Disappointment does not need to be
the case. CMMS packages contribute to the bottom line when purchased for specific infor-
mation reasons. Although different types of computer systems are available, each can pro-
vide this information. Management can control and reduce inventory. Ad hoc and regular
reports can provide management with necessary information 1o control the efforts of main-
tenance. The maintenance group can better visualize, determine, and manage its backlog
with its resources. The maintenance group does have to be wary of becoming distracted
with computerizing instead of maintaining the plant, but generally the computer should
make a positive impact for its efforts. The CMMS cannat help a planning system that is
floundering with the basics of planning such as knowing why to consult feedback from
previous jobs. However, the CMMS can help in specific arcas with the planning process.

This chapter has but briefly touched the wealth of available information in the literature
for guiding companies in selecting a CMMS. If the company’s role could be succinctly
summed up, it might be with a statement by Nicholas Phillippi (1997). He says that “The
best investment protection is a thorough understanding of the existing maintenance
Processes and application of the maintenance system in concert with these processes.”
Perhaps it should go without saying that the CMMS vendor should have significant main-
tenance expertise.

Understand, simplify, and then automate.
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PROJECT WORK AND PLANNING
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CHAPTER 10
CONTROL

This chapter finally arrives at this all imporiant issue: How does one ensure planning works
from a management and supervisory standpoint? Surprisingly, it is not on the basis of indi-

cators, although two of the 12 planning and schedulin g principles describe indicators. It is
on the basis of the selection and training of planners.

ORGANIZATION THEORY 101: THE RESTAURANT
STORY

Dr. Stephen Pauison (1988) tells the sto
was at loose ends for a while and began
John naturally enjoyed cooking and the
made the sandwiches. Everyone would

ry of John Smith who retired from the Navy. John
meeting daily for lunch with several of his friends.
lunch group usually met at John’s house where he

always chip in to pay for the lunch. The company

and the sandwiches were good and soon more friends were coming around at noon time.

Someone eventually suggested that John should jease a small shop where they could

spread out and be more comfortable. There seemed to be enough income from everyone™s

contributions so John found a small place in Jacksonville Beach where the group could
meet. Thus, John's Sandwich Shop was born,

At first, everything continued as before. John made the sandwiches and would join in
the company and discussions around several tables. The “organization” of the establish-
ment, 50 Lo speak, was simply John Smith. John took care of everything from opening the
door in the moming, making the meals, and collecting the money to bussing the tabies,
sweeping the floor, and closing the door in the late afternoon,

As word got around, some of John’s friends started bringing their other friends making
the place busier than ever. Soon, John had less time to visit and was spending more time
making sandwiches. That was okay with John since he enjoyed cooking. However, he
really needed help and so his wife, Mary, began coming in every day to help. The organiza-
tion of the sandwich empire consisted of two persons on equal footing doing whatever

‘needed doing. John did most of the cooking, but still helped Mary buss tables and collect
money. They even bought a cash register to help make change. Communication was no

problem. Whenever John necded something, he called over to Mary. Whenever Mary
needed something, she called over to John,

The happy atmosphere of John’s Sandwich Shop delighted friends and other cus-
lomers. Business thrived and soon John and Mary needed more help running things. They

they brought Joe on board for wages. Joe reported
upervision 1o his activities, Normally, John had Joe
Occasionally, John would direct Joe 1o perform other

directly to John, who gave direct s
ussing tables and washing dishes.

10.1
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specific tasks. These tasks included activiues su]ch as sweeping the floor or running an
uy certain supplies that were running low. _
eml\rl\l;ilﬂllosgmymer appmagll:ing and business boomilyg, John and Mary decided to cxp_and n:-ld
take a lease on the vacant shop next door. Remodeling to remove part of the connecting wall
almost tripled the sandwich shop’s floor space. They also decided to hire three high school
students out of school for the summer. These students had no restaurant shop expener&ce 50
John organized them behind a counter. John planned for customers to enter the shop and then
proceed to a counter to place their orders with his wife. Mary would handle the c:;(sh reg-
ister and pour drinks. For the students, John wrote specific instructions how to make three
standard sandwiches customers could order. The fi_rsl student would set out and slice the type
of bread requested applying the required dressing. .The second student would ]add the
required meat and tomato or other required ingredients. The last student would place
the sandwich in a basket with chips and a cookie and hand it to Lhe_customer.‘ John pl@nqd
to hang around and make any special orders himseif. John also continued to silrcct Joe in his
normal assigned duties. This arrangement worked very well and the business was very
successful. John did not look forward to the end of the summer when the three students
o return to school. |
wmll\llt:::f 21‘:fr=nlmer's end, John and Mary decided to hire three cxpcriencgd sandwich makers
who had mentioned they would not mind working at John's Sandwich Shop.. John.had
discussed their qualifications with them ot some length, These persons had quite a bl:']?:
restaurant experience which would allow Johp and Mary to change the orgamz'au:m. I
three professionals were able to handle operations behind the counter almost entirely with-
out instructions. They also were able to expand the types of §andw1ches being offered. Any
of the three could make nearly any specialty sand\\_rlch imaginable. They could each handle
multiple complicated orders at the same time. For_ instance, ench.person c_:ould h_and]; mlak-
ing a meatball sandwich (light on the sauce), which requ_lred microwaving while snbn;u_m&
neously shredding lettuce to place on a cold ham sand.wlch. The rcsul.u.ng suceess .hm
the counter allowed John to increase the amount of time he could visit with his friends
“ tr:sl:lhlll?éars went by, John and Mary opened another, identical shop in nf:ighbonng.St.
Augustine. John and Mary later both stepped back from day-to-day operations, allowing
their son to run the originai store and their dnugh_ter to run the new store. Bofh st;ﬂr:s;
remained very prosperous. John and Mary still malnlz_lmed 4 corporate ownership ;:
business, but their management style was to have a family business meeting once eac g;r.r
after n special dinner gathering. Al this meeting, Johp would look at his clllldrcn Fmt: yl
and ask two questions very seriously. The first question would always be:“ ‘What is the bt::]'l
profit after taxes for each store?” The second question would always be: “Does a ‘rinc?th L
sandwich in the Jacksonville Beach shop taste exactly the same as a meatball san mlcti lll:
the St. Augustine shop?” With these two questions, John and Mary managed the multip
ivisions of John's Sandwich Shop. R
dw!l%;::: restaurant story pointedly illustrates the dit"ferem bnsic.orggmzatmn swActurcs atl:ll:f
exist, each doing best with a particular type of primary coordination mell.lod. n Orgr "
zation is a group of persons with a common objective, such as the m:flntcn;nqc s
industrial plant. Where different persons work together, they must coord_matc eir et
Coordination methods and practices help dire:cl the efforts of the different penlizeci
Planning itself is a coordination means. Planning coordinates many of the sp:i]naﬁnn"
areas of maintenance. Most organizations typically u'ulnzc many dlf'fcrent ml':i g
methods at the same time, but they usually emphasize a_smgle primary m;h :1 : righ_t '.
coordination method. Emphasizing the right primary coordlt_muon r'ncthod wi e
type of organization makes an organization stable and ‘effccuve. Using the wrong !
primary coordination method with a particular organization structure will cause unniecessary
problems and inefficiency.
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Dr. Paulson’s story pictures the basic organization forms with their peeferred coordination
metheds described by Mintzberg (1983). The account first shows John Smith as an indi-
vidual doing everything by himself. In the second situation, John and Mary organize and
function as an “adhocracy.” The adhacracy structure of organization consists of different
persons brought informally together. The adhocracy coordinates its activities through fre-
quent meetings and exchanges of information much as do Mary and John with their con-
versations as they go about doing their jobs. The next organization where John supervises
Joe represents a simple structure. John provides the coordination needed with his direct
supervision of Joe. Next, the organization of the summer students represents a machine
bureaucracy. A machine bureaucracy achieves efficiency by coordinating with explicit
rules and procedures. John wrote rules for the students to follow in their assignmenits. An
assembly line typifies this organizational structure. Of course, if the business environment
becomes more complex and varied or undergoes rapid change, rules themselves might
become too complicated or subject to constant change, making this type of organization
unsuitable, As Mary and John transform the store 10 allow significant independent judgment
on the part of the sandwich makers, coordination by a set of rules becomes impractical. The
concentration on obtaining skilled employees becomes their preferred coordination
method. This organizational structure is known as a professional bureaucracy. This structure
must be coordinated with attention to staffing, that is, hiring and training. When one thinks
of a medical physician, one realizes that there could not be a sufficient set of rules to handle
the doctor’s behavior throughout each day. The doctor constantly sees different situations
calling for independent judgment and skilled action. The expertise of the doctor is much
more important than the standard handbook of medical procedures the doctor sometimes con.
sults. Does the doctor have the skill not only to select, but to execute the correct procedure? A
professional bureaucracy coordinates itself through the procurement of skills. Finally,
Mary and John oversee the company as a divisionalized form of organizational structure. Mary
and John see two divisions as entities to coordinate although there may be a different form
or forms of organizational structure within each shop. From their level, Mary and John best
coordinate the effort of either shop with indicators. The use of indicators comptises the
preferred method of coordinating this type of structure. Obviously, Mary and John could
not manage each shop with direct supervision or constant meetings and communication.
Other methods of coordinating are also not appropriate for their level of management in
the organization. Variants exist, but these same basic organizational structures are found
in organizations throughout the world. The restaurant story shows which particular method
of coordination is most appropriate for each of the different basic structures.

SELECTION AND TRAINING OF PLANNERS

With regard to maintenance planning, how do these lessons apply? The identification of pre-
ferred coordination methods has direct application {0 the planning department organization.
To begin with, maintenance work orders come in all sizes and shapes, from straightforward
loincredibly complex and from ordinary to unusuval. Because of the extreme diversity of jobs,
Planners cannot be given simple instructions for how to plan them. For example, there is not
4 one-size-fits-all approach te scoping jobs or determining what job details are critical for a
Job plan. Planners may be directed to scope a job, yet the identification of the correct work
5ope s entirely a creation of the planner’s skill, A planner may be directed to research a
- minifile, but the planner must recognize what made the difference in the last two filed jobs,
- Similarly, only the qualified planner can adequately anticipate likely job problems or spare
' Pt requirements on equipment that has not yet been dissembled. The planners must function
. B32 professional bureaucracy, being allowed to exercise discretion and personal judgment in
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the effective planning organization. Thus, the primary coordination method to manage the
planning group must be an emphasis on staffing. The purpose of Planning Principle 4 (skil]
of the planners) becomes more clear as one realizes that having qualified planners controls
the successful planning organization,

Does nat every job require having a qualified person? Perhaps, but this concept is not
the sense of the professional bureaucracy. A person to operate under direct supervision
must be willing to submit to direct supervision. A person willing to work on an assembly
line must be willing and able to follow specific instructions. However, the skills required
within the professional bureaucracy implies neither of these qualifications.

Without the obtaining of skilled planners as the primary coordination method, none of
the other coordination methods matter. First, planners do not need to share information con-
tinuously with each other to plan jobs. Neither is there time for each planner to communicate
constantly with other experienced personnel regarding job requirements, Second, no plan-
ning supervisor could adequately directly supervise the activities of planners planning hun- 1
dreds of diverse work orders each week. Third, as previously discussed, no set of rules or |
guidelines could possibly take the place of the skilled planner on the majority of mainte-
nance plans. This explains one of the cautions with the template approach to job planning,
When all is said and done, the planner’s skills must come into play to use the templates and
to provide enough job specific expertise. Finally, indicators may show whether the planning
group is making a difference in the work force’s productivity, but indicators cannot
coordinate the activity of the planners. Indicators only show whether the planners chosen
have the skills necessary to make the difference.

After the selection of planners, the emphasis of supervision should be on training and other
support. A school system provides an excellent model. The principal does not directly super-
vise any of the classrooms. The principal is not even present in the classrooms at all times,
Instead, the principal performs a primary duty by procuring qualified teachers. Then the prin-
cipal sustains or enhances those qualifications by making training opportunities available to
teachers. For example, these might include seminars about new techniques or concepts of
learning. Next, the principal supports the teachers by supplying everyday needs to allow
the teachers to execule their teaching skills rather than spend time gathering supplies. For '
instance, teachers should not have to worry about obtaining copy supplies, having adequate
student desks, or providing proper air conditioning of the classrooms. The principal organizes
the front office to support the teachers. Rather than have the principal direct the teachers, the !
teacher should almost direct the principal and the front office group in their support needs. In
this type of role, the principal coordinates and controls the smooth functioning of the school
organization, a professional bureaucracy. If there are only a few planners, they may adeqqmely
report to the maintenance manager or superintendent who is also over the crew supervisors.
The manager or superintendent would ensure their proper selection and provide ongoing sup-
port. If there are more planners, a planning supervisor ot lead planner may be desired. In ellher
case, the ongoing objective would be to provide training and support to the planners. Trwfms-
should consist of establishing the vision, principles, and techniques of planning and scheduling.
Training might also include instruction in the use of compuiers and a CMMS computer 5ys-
tem. Support might include copy machines, paper supplies, computer resources as need_ed_.'_
filing supplies, or other physical necessities that would allow the planners to focus on planning.
Jobs. The supervision over the planners would ensure adequate office support exists. Finally,
consider that the objective of support is to keep qualified planners in place adequately P
forming their planning duties. Planners® wages should be competitive to ensure that qualified
persons have the desire to accept and stay in the planner positions. o

One sees that Planning Principle 5 (skill of the crafts) indicates that crew_wchmcmr_xs
also function within a professional bureaucracy, In addition, Scheduling Prinfﬂpl'-'- 5 (crew
leader handles current day’s work) lends this same structure to crew supervisors. This if
because of the diversity of work orders and the increasing technological sophistication
needed {o maintain medern machinery. This is why one commonly hears admonitions td

__ﬁ“
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train and upgrade one's work force. However, do not Jjob plans provide work rules, which
is the preferred coordination method of the unchanging assembly line? Not at all. The
work plans provide support both to the crew supervisors and to the craft technicians,
The job plans provide information on job scope, crafts, and hours to allow the supervisor
to assign and schedule the correct skills. The job plans provide filing support to avoid pre-
vious delays and a head start on other job information for the technicians. A heart problem
would be assigned to a cardiologist and a foot problem to a podiatrist in a hospital. The
office staff and nurses would provide previous medical histories to help each doctor treat
each patient, Similarly, planners primarily perform triage and file services for crews. They do
not normally dictate mandatory procedures. Their job plans provide support.

There is simply not enough repetition of identical Jjobs to establish the planners or the
technicians into assembly lines coordinated with work rules. There is enough repetition of
jobs to allow a planning function to support technicians in learning from past jobs.

Within such a framework, the question of “How do I control planning?” implies a
fundamental misunderstanding of the situation. Once the planners have been hired, the
majority of the control action has been completed.

INDICATORS

A wider perspective makes indicators or metrics also important. The restaurant story
suggests the plant manager might oversee the general operation of the maintenance and
operations departments as a “divisionalized form™ of erganization structure. Without
complete attendance to the inner workings of each department, the plant manager might
place heavy emphasis on indicators to control these depariments. The managers of these
departments should be responsible for indicating their efforts through indicators. Even
within each group, opportunities exist for indicators to help coordinate efforts, though
perhaps not as a primary means of coordination.

Persons can relate to overall plant availability or overall plant capacity fairly well,
Figure 10.1 shows a sample overall availability metric. However, these indicators may be
50 global that they do not provide much assistance in determining what to do to improve
their score. What factors have specifically contributed to maintaining a high availability or
capacity? What factors have specifically reduced the overall availability or capacity of the
plant? Other indicators should support these global indicators. Subindicators to availability
or capacity might provide better information for coordinating or managing resources. The
following sections present common indicators of maintenance petformance.

Planned Coverage

Figure 10.2 illustrates planned coverage, a standard measure for a planning and scheduling
System. Management desires that technicians spend more hours on planned jobs than
unplanned jobs, This indicator is based on the actual hours technicians spend on jobs. The mea-
Sute represents the percentage of these hours that are on planned work orders. The actual hours
are measured regardless of the originally estimated hours of the planners. The metric utilizes
&ctual labor hours as the unit of measure rather than quantity of work orders because the size
of work orders can vary considerably. For instance, typical project work might normatly be
larger work orders than breakdown work orders. In addition, PM work orders might normally
be smaller than breakdown work orders. Management desires for maintenance forces to spend
uate time on the appropriate type of work.sTherefore, the metric should utilize a time-
unit. On the other hand, management should cautiously use work order quantities if
actusal time values are not initially available.
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Station Availability Reactive Work Hours

% Figure 10.4 shows the absolute amount of reactive maintenance work. Management desires
not only to perform more proactive than reactive work, it desires for the absolute amount
100 of reactive work to decrease. The score of this indicator may be very erratic on a monthly

basis and might be better measured on a yearly basis. The amount of reactive work may also
initially increase as crews increase their productivity and perform more work of all types.
This indicator is based on the actual hours technicians spend on jobs. The actual hours are
80 measured regardless of the originally estimated hours of the planners.
L] L}
60 , Proactive vs Reactive
o
190 e o
»40

1994 1995 1996 1997 1998 1999 80 Ny, R
FIGURE 10.1 The simplest measure of overnll maintenance effectiveness. A5 A Ny -
40 [

. Planned Coverage 3 —
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FIGURE 103 Management wants to spend more hours on proactive work than reactive work.
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FIGURE 14.2 Management wants more labor hours spent on planned jobs,

Reactive versus Proactive

This metric measures the reactive nature of the plant maintenance work. Management:
desires reactive work to lessen in proportion to proactive work (Fig. 10.3). This indicator
is based on the actual hours technicians spend on jobs. The actual hours are m

regardless of the originally estimated hours of the planners,

O ND J F M A M J J A S

FIGURE 10.4 Management wants the overall amount of reactive work to decrease.

CiM Ex. 1001 Page 104



10.8 CHAPTER TEN

Work Type
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FIGURE 105 Another indicator of the proportions of reactive versus proactive work.
¢

Work Type

Management needs information regarding the different types of maintenance work per-
formed. Specific areas of interest are proportions of preventive maintenance, predictive
maintenance, project work, and corrective maintenance versus actual failure and break-
down maintenance. This indicator is based on the actual hours technicians spend on jobs.
The actual hours are measured regardless of the originally estimated hours of the planners.
(See Fig. 10.5.)

Schedule Forecast

Figure 10.6 shows an example of an indicator tracking forecasted hours. Note how the chart
indicates carryover hours. A large proportion of these hours could indicate a scheduling
problem. This indicator uses hours taken directly off the form for Crew Work Hours
Availability Forecast. The sample hours shown are for B Crew's forecast developed in
Chap. 6.

Schedule Compliance

As discussed in Chap. 3, weekly schedule compliance provides the ultimate measure of
proactivity. Some plants prefer the term schedule success to clarify the objective to
measure control over the equipment rather than over the supervisors. Figure 10,7 shows

a sample chart with data illustrating B Crew’s performance. This company measures

PM compliance as well, Figure 10.8 iliustrates a helpful worksheet to calculate the
schedule compliance score. Figure 10.9 illustrates the use of the form with B Crew num-
bers. The scoring of compliance gives the crew credit for all jobs that will start during

the week regardless of whether they will finish. Chapter 6 explains that this gives the:

crew every possible benefit of any doubt of compliance.

CONTROL 109

Weekly Schedule Forecast

Hg:as Mechanical Maintenance Crew B

s00| - . . ...................... Paid
.o Hours
500
Available
400 Hours
300
200 ~
7 s P Carryover
100 N\ =" N Hours
0

1 2 3 4 5 6 7 8 910
Week

FIGURE 10.6 Maintenance might track forecast hours to help coordinate the scheduling process.

Weekly Schedule Success

% Mechanical Maintenance Crew B
100 P \ P " PM Schedule
80 \ / Met
\y Schedule
60 L Met
40
20
0

1 2 3 4 5 6 7 8 9 10
Week

FIGURE 10.7 Schedule compliance 1o measure schedule success.
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stances that delay technicians from being on the job. Appendices G and H provide sample

ADVANCE SCHEDULE WORKSHEET #2 work sampling studies.

One limitation of wrench time analysis is that it makes no presumption of how produc-

L tive a technician is while on the job. On the other hand, one would presume that the on job

For week of: to productivity should stay the same so increasing the amount of time on the job should
For crew: By: Date: 1 increase the overall amount of work produced. Planning Principle 6 in Chap. 2 explains that

increasing the amount of time technicians are on the job is the purpose of planning. The

1
1] TOTAL SCHEDULE
; A. Total Hours Scheduled ADVANCE SCHEDULE WORKSHEET #2
B. Any Available Hrs Left Unscheduled ( ) For week of: 5/11/99 to 5/14/99
Why? (No backlog, etc.) For crew: B Crew  By:C. Rodgers Date: _5/14/99
C. Total Hours Returned TOTAL SCHEDULE
Any Hours That Were Unclearable ( ) . A. Total Hours Scheduled 410
D. Sched Hours Worked (D =A - C) B. Any Available Hrs Left Unscheduled ( 45 )
E. % Schedule Met (E = D/A x 100) % Why? (No backlog, etc.) _Backlog
* ran out
C. Total Hours Returned 84
, PREVENTIVE MAINTENANCE Any Hours That Were Unclearable (____ 0 )
F. PM Hours Scheduled D. Sched Hours Worked (D=A -C) 326
G. PM Hours Returned E. % Schedule Met (E = D/A x 100) ___ 78%

| PM Hours That Were Unclearabie ( )
it H. PM Sched Hours Worked (H = F - G)

I. % PM Schedule Met (I = H/F x 100) % PREVENTIVE MAINTENANCE

F. PM Hours Scheduled 54
G. PM Hours Returned 0
PM Hours That Were Unclearable (____ )
FIGURE 10.8  Sample of a helpful form to calculate schedule compliance. H. PM Sched Hours Worked (H =F- G) B4

Wrench Time {. % PM Schedule Met (| =H/F x 100) _1_0_@_%
Figure 10.10 shows a sample wrench time metric, This indicator utilized within mainte-
nance measures the percentage of time technicians actually spend on the job. This would
be time where otherwise available technicians are not involved in delays such as procuring
parts, tools, or instructions. Industry commenly refers to this time as wrench time, In-house
analysts or consultants properly measure wrench time with a work sampling methodology.
What is more significant than the time on the job is the analysis of the time and circum-

FIGURE 10.9 Sample of schedule compliance calculations.
L ]
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. measure of wrench time indicates the effectiveness of the planning and scheduling process
W renc ime rather than the efforts of the technicians themselves.
0,
A Minifites Made
70 The creation of the minifiles described by Planning Principle 3 is of great importance. A
planning supervisor may want to count the number of minifiles each month in the early
60 months of a new planning organization. See Fig. 10.11.
50
40 ' GOOD Backlog Work Orders
Y
30 | Backlog of work orders is a very ominous indicator. Experience shows that many manage-
ment efforts 1o reduce the size of a backlog result in a reduced amount of new work orders
20 written rather than an increased number of work orders completed. The backlog is thus
reduced by no longer identifying the work to which the plant should attend. The generation
10 of new proactive work orders especially suffers. Other games played include writing larger
0 work orders. Instead of writing a separate work order to take care of each fuel oil pump, tech-
nicians might write a single work order to take care of all three pumps. The backlog is thus
Yro Yr 1 Yr 3 further reduced by hindering the opportunity to keep good equipment records for each pump.
! 37.5 37.7 35 1 If management intends to reduce equipment problems, it should track backlog by specific
. . . work type. The plant desires to reduce its reactive backlog, but increase its proactive back-
I FIGURE 10.10 Sample indicator illustrating wrench time performance. log. The plant might define reactive work orders as failure or breakdown work orders plus

other work orders as an urgent priority. The plant might define proactive work orders as
project work, PM, PdM, or corrective maintenance except for ones that have become urgent.

Through increasing the detection of proactive opportunities the plant can reduce its failures
H 'f'l and reactive situations that hurt reliability. Management should vocalize this vision with
| TOtaI M l n l I es caution. The simple command to reduce the backlog, but only the reactive backlog, can
{ become confusing and counterproductive,
1 2500
2000 Work Orders Completed

Simply looking at backlogged work orders can be misleading, On the other hand, measur-
1 1500 ing the number of work orders completed each month provides an excellent check and bal-
ance when used with the backlog number. Management is interested in the maintenance
. 1000 group completing more work orders each month as one indication of productivity improve-
/ ment. This indicator by itself might encourage the work force to write smaller work orders,
For instance, instead of writing one work order to repair a pump, the indicator would tempt
500
I 0 /
O ND J FMAMJ J A S

personnel to write three separate work orders for disassemble, repair, and reassemble.
Becanse management pressure to reduce work order backlog tempts personnel to write

FIGURE 10.11 Ensuring planners understand the importance of the minifiles when starting a planning

group.

fewer work orders, these two indicators help balance each other when used together.

Backlog Work Hours

Plants making sudden improvement gains in productivity often quickly run out of back-
logged work. Plants in highly reactive work environments should then take advantage of
the opportunity to create proactive work orders or generate reactive work orders that would
have been ignored in the past. The plant’s objective with a stable work force should be to
maintain at least 2 weeks of crafi backlog. Such identification of work promotes the smooth
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operation of a productive maintenance department with planning and scheduling.
Unfortunately, simple quantities of work orders do not indicate labor requirements. Prompt
planning should establish a backlog in terms of hours. Dividing the normal paid hours of
each craft into the backlog hours produces a number of backlog weeks. Because the paid
hours are normally higher than the available hours for each craft, a goal of at least 2 weeks
provides ample work. Management may desire to be aware of how many weeks of backlog
are available for each craft. Further analysis by crew or specific skill level is unnecessary,

SUMMARY

The management of the planners themselves is best conducted as a professional bureau-
cracy. That is, management emphasizes selecting personnel and training them.
Management does not emphasize direct supervision, procedures, indicators, or frequent
meetings for coordination. A great deal of importance rests on the qualifications of each
individual planner. Organizations should select planners with an aptitude for planning,
Organizations should train them in the principles and techniques of planning. The organi-
zation may obtain qualified planners either through hiring or developing persons with the
necessary potential for success. Appendix M, Setting up a Planning Group, discusses how
to accomplish the selection and training of maintenance planners.

While selection of planners handles the majority of planning control, management of
overall maintenance does make use of several common indicators. The chief of these is over-
all availability. Other indicators include ones for measuring the proportion of work hours
that are planned and the proportions of different types of proactive work versus reactive
work. Management should use simple indicators of backlog with caution because the plant
must generate a backlog to take care of maintenance. Scheduie compliance helps determine

% if the maintenance force is controlling the equipment or if the equipment is controlling the
maintenance force. Management measures crew forecasts and carryover work to help under-
stand the functioning of the schedule process. Management uses these indicators to coordi-
nate the efforts of the divisions or groups together.

Management uses the planning function itself to help control the working of mainte-
nance. Management closely monitors and manages the process of selecting planners to help
control the working of planning itself,

CHAPTER 11

CONCLUSION: START
PLANNING

What is maintenance planning?

Maintenance planning as envisioned by the Maintenance Planning and Scheduling
Handbook is not preventive maintenance.

Maintenance planning is not planning how to establish and organize a maintenance
department.

Maintenance planning is not using a computer.

Maintenance planning is not providing a detailed procedure describing how to perform
a maintenance task,

Maintenance planning is not simply identifying spare parts and special tools before a job
starts,
Maintenance planning is providing file information to technicians to allow them to learn

from past jobs and avoid delays. Planning also helps ensure the availability of antici-
pated spare parts and special tools.

Maintenance planning is providing crew supervisors with job scopes plus craft and
work hour estimates to allow them better to assign daily work.

Maintenance planning is advance scheduling to allow managers to allocate work for
crews based on forecasted labor availability,

Why do companies need maintenance planning? They need maintenance planning
because it helps increase the amount of time technicians spend on direct work, actual work
without delays. Maintenance planning reduces the time technicians spend in gathering parts,
in finding tools, in receiving instructions, or in many other delay sitwations. In industry
today, delays commeonly cause maintenance crews to spend only 25% to 35% of their time
on job sites making job progress. These delays do not even include time lost to vacation,
training, or other type of administrative absences, Maintenance planning helps boost the
direct work or wrench time of technicians to 55% or more. A good company at 35% with 30
maintenance technicians would enjoy the effect of having 47 technicians if it had 55% direct
work time. The company would add 17 extra technicians without cost to its maintenance
efforts. The company with 90 maintenance technicians would see the effort of 141 techni-
cians, a 51-person improvement. And lest one should think maintenance planning helps only
the large corporation, the company with 10 maintenance technicians would see the effort of
15 technicians, 2 5-person improvement.
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| N APPENDIX B
. Persons o stage ilems are readily available.
. Equipment downtime is valuable. . FORMS

. Equipment downtitne is limited.

. Distance to the storeroom or tool room is excessive.

. Availability or accessibility of storeroom or tool room is limited.

1 10. It is relatively difficult later to transport items to the site if they are not staged.
11. Item is easily returnable to storeroom ot (ool room.

' 12. The item is disposable if unused or lower in value than would be worth technicians’
time to return.

- - - W |

13. There is some experience with planning and scheduling. This appendix gives a complete set of forms used
14. There is high maturity and sophistication of the planners to anticipate items correctly, may use them as they are or modify them for main
| 15. There is high confidence that the job will start the week or day scheduled.

in this handbook. Readers of this book
tenance in their organizations.

Do not stage items that are:

1. For unscheduled jobs unless a nonstock item was exclusively obtained for a job.
2. Difficult or impractical to move repeatedly due to size or storage requirements.
3. Difficult or impractical to move repeatedly due to legal tracking requirements.

GUIDELINES FOR CRAFT TECHNICIANS TO
PROVIDE ADEQUATE JOB FEEDBACK

1. Identify quantity of persons and specific craft and grade of each person. Identify the
names of the persons.

2. Identify labor hours of each person, Give start and finish times of job. Explain any vari-
] ance from the plan estimates if greater or less than 20%.

3. Thoroughly describe the problem if not accurately specified by the plan.

4, Thoroughly describe the action taken if the job did not proceed according to the plan.
Report any special problems and sofutions.

8. Identify actual quantities of parts used and report stock numbers if not given by the'
plan.

E

6. Identify actual special tools used or made if not given by the plan.

‘7. Return the original work order and all attachments provided by planning. Include any
field notes and return any datasheets that the technician filled out whether or not plan-
ning provided them.

8. Return updated drawings.

9. Note any changes to equipment technical information such as new serial numbers and
model numbers and names. Return any manufacturer’s information or literature thats
was received with any new parts being installed. This information is especially vital
and often cannot otherwise be determined to help future mainlenance.

| 1 10. Include any other information such as bearing clearances (radial and thrust), woes ﬁi!
i clearance, shaft runout clearance, bearing to cap clearances, coupling condition anc
gap clearance,

. Make any recommendations to help future plans.

CiM Ex. 1001 Page 109



App-B.2 APPENDIX B

WORK ORDER

REQUESTER SECTION Priotity
Tag#

Equipment

Problem or Work Requested: Def Tag #

Outage Req? Y/N  Clearance Req? YN  Confined Space? YN
By: Duie & Thme: APPROVAL:

PLANNING SECTION  Assigned Crew: Attachment? ¥/N
Description of work to be performed:

Labor requirements:
Parts requirements:

Special tools requirements:

By: Date & Time: Job Estimate: Actual;

CRAFT FEEDBACK (Modify plan sections above:actual labar, parts, & tools)
Work performed including equipment changes & any problems or delays:

Date & Time Started: Date & Thne Completed:

By: Date: APPROVAL:

 CODING

FIGURE B.1 Sample work order form.

APPENDIX B App-B.3

ICREW WORK HOURS AVAILABILITY FORECAST

Forweekof: _/ / to__/ [/
For crew: By: Date: _/ [

Paid Carry- Avail
Craft #Persons Hrs Leave Train Misc over® Hrs

x40= - - . - -
x40= S - 5 - =
x 40= - - - - -

3
i
]

»

3
H
?

=
=]
1l
I

2
i
'
Il

2
[
!

Totals x40= = - . _ -

*Carryover work is any work which has been
physically started in the current period, but will not be
finished and will run over into the forecast period.

FIGUREB.2 Crew work hours availability forecast form.
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ADVANCE SCHEDULE WORKSHEET ADVANCE SCHEDULE WORKSHEET #2

For week of: to ' For week of: to
[. For crew: By: Date: For crew: By: Date:
i Forecast Available Hours Left TOTAL SCHEDULE

A. Total Hours Scheduled

| B. Any Available Hrs Left Unscheduled ( }
| Why? (No backlog, etc.)

i C. Total Hours Returned

Any Hours That Were Unclearable ( )
D. Sched Hours Worked (D = A - C)

E. % Schedule Met (E = D/A x 100) %

PREVENTIVE MAINTENANCE
Totals F. PM Hours Scheduled

G. PM Hours Returned

PM Hours That Were Unclearable )
H. PM Sched Hours Worked (H=F - G)

l. % PM Schedule Met (I = H/F x 100) %

Instructions: Subtract job work hours from available
i line total until balance reaches zero for each line or
backlog runs out.

FIGUREB3  Advance schedule worksheet. FIGURE B4 Advance schedule worksheet 2 to measure schedule compliance,
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APPENDIX B

APPENDIX B

App-B.7

DAILY SCHEDULE
DAY: DATE:
SUPERVISOR:

WO# Unid Pri| Short Description]

iComments

Special Codes: Special Code
V-Vacation 5-Sick & Hours

T-Training 0-Other

A-Assigned Off Crew Total

FIGURE B.5 Daily schedule form.

ALIGNMENT CHECKSHEET

—.1. Break coupling and remove old grease.

—_2. Inspect coupling for damage.

—3. Secure coupling. Run motor if magnetic center of
motor is unknown. Mark motor shaft.

_ 4. Shut down motor. Set motor shaft to electrical
center. Set coupling gap per coupling instructions.
5. Inspect hold down bolts and washers for damage.
—__6. Install jacking bolts on all corners of machines to be
shimmed,

7. Correct machine to be shimmed for soft foot and
defective sole plates.

8. Correct stationary machine for soft foot and
defective sole plates.

—9. Remove all shims. Clean or replace as needed.
——10. Pack proper amount of grease into coupling and
reassemble,

11, Align machine. Use PdM group instructions for
considering thermal growth.

—_12. Tighten all fasteners. Loosen jacking bolts, Turn
shaft to ensure free rotation.

13, Attach form to work order.

Technician Date

FIGUREB.6 Sample alignment readiness form.
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| UNIT 2 BURNER CHECKSHEET FORM

Burner Number:

Date:

TECHNICIAN INITIALS EACH STEP |
WHEN COMPLETE

|’: ___1. Replace orifice, swirl, and spill plates
2. Replace both gaskets.

3. Verify correct lance setting.
Setting is:

4. Torque feed tube to 200 ft Ib,

5. Torque cap nut assembly to 77.5 ft 1b.

6. Adjust spider to provide 1/8 inch to 3/16 inch
gap between outer tube and washer.

FIGURE B.7 Sample bumner checksheet form.

APPENDIX B

DEFICIENCY TAG
#0084147

EQUIPMENT

EQUIPTAG#
PROBLEM

LOCATION
TAGGED BY

DATE
TIME

FIGURE B.8 Sample deficiency tng form.

App-B.9

Carbon &
Copy
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EQUIPMENT TECHNICAL DATA SHEET

| EQUIPMENT NAME
i EQUIPMENT TAG #

EQUIP LOCATION
Ooes this equipment have a “Standard Plan™?
Manufacturer code and name

Vendor name, location, person, and phone number to contact:

Work
| Cost§_

PAGE
Achusl| Torst
Labor

NAMEPLATE INFORMATION
Model # Serial #

Actual
Hours

MSDS5 # AND ANY OTHER SAFETY INFORMATION. (Is a Confined Space
Permit needed? Describe any past accidenis. Whal safety considerations
such as scaffolding, high temperature/pressure, chemicals, eic, are there?)

Prink

]
Revision | Work| Work

| Dste 1 Nesded?} Type|

L
Fi
L
L
i
Fl
i
L
]
N3
]
L
Fi
L
L
L
L
L
Fi
L
Fi
L
L
L
i

L
L
i
]
L
i
L
L
1
i
A
I
L
L
L
i
i
L
L
L
L
L
]
L
L

Comgiets

OTHER INFORMATION AND SPECIAL NOTES FOR THIS EQUIPMENT

EQUIPMENT HISTORY DATA SHEET

doss not inciude PW's or other outine

SYSTEM

EQUIPMENT NAME

HISTORY

EQUIPMENT TAG #

Work
Order #

FIGURE B.10  Sample minifile form for equipment data.

App-B.10
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'I APPENDIX B App-B.13
PARTS INFORMATION SHEET EQUIPMENT NORMAL PM's AND CHECKS
PAGE —— EQUIPMENT NAME
| EQUIPMENT NAME EQUIPMENT TAG #
: EQUIPMENT TAG # By Maintenance Personnel
Total
. Q:.;::Lﬂy Cuantity | What Frequancy |*Route Designation
' Stock for this for this
Number | Eguipment Job* Description
1
2
3
4
5
6
7
I g By Predictive Maintenance {PdM) Personnel
10
1l 19 What Frequency |"Route Designation
1 12
| 13
14
15
, 15
[ | 17
18
19
20
29
g 8y Operations, Lab, or Other Personnel
' | 24
% | What Frequency |"Royte Designation
| 26
27
28
| { ”
| 30
- *Uise this column afier copying this page to issue with a specific job,
“if any

FIGURE B.11 Sample minifile form for spare parts.

FIGUREB.12 Sample minifile form for PM’s.
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| INFORMAL CHECKSHEET TO
‘ BALANCE OBSERVATIONS
| Mark the time started to locate persons within beginning half hour (B)
i or end half hour (E): Hand write a number beside each half hour to
|" | designate the week during which the observation occurred.
u Weeks:
.l
: I
| peca | Time Mon| Tues| Wed | Thur | Fri ,_§ g?
8 |7:30-8:30 |[BE|BE{BE |BE |BE ¥ ks
9 [8:30-9:30 |[BE|BE|BE|BE|BE p £
10 {9:30-10:30|BE ([BE |[BE [BE |BE P [
11 [10:30-11:30/!B E |[BE |BE |BE |BE g i: g
12 |tt3e121204|BE |BE |BE [BE |BE 'C__) .g §
. 13 1-2 BE|BE [BE IBE |BE ‘% 3.5’5 é
{ 14 | 2.3 [BeElBe |BE [BE |[BE & E, ?
15 3-4 BEBE [BE |IBE [BE 3 3 E
16 4-5 BE|BE |BE [BE |BE_ = El E
177 | 5-6 [BE{BE |BE [BE [BE 5 E
Special comments: E S, 55*"“"“ 1111 "_g
B2 § a
z
H ;
E

FIGURE B.13  Sample form to ensure an even balance of work sampling study obscrvations.
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| APPENDIX I

THE ACTUAL DYNAMICS OF
_]' SCHEDULING

ics i ppendix
50 as not to distract from the main thrust of the book,

First, wrench time may be higher than the industry norm of 25 to 35% in some mainte-
nance organizations without highly developed planning functions. Th
appendices showed two such examples, In App. G, the 1&C (instrument and controls)
group had a 38% wrench time, This 1&C group did not have a planning function assisting
it. The industry norm more applies to an overall maintenance force than

mprovement of the mechanical group’s wrench time

- Appendix H shows a mechanjeal
group with a marginal planning effort. With only planning, but no weekly scheduling, the

craft is at the top of the industry norm for wrench time, Certain crafts, most notably machin-
i se-at-hand work assignments,

to the next jobs. There is limited opportunity for idlenes
productive work force, but has terrible reliability, Then, as management brings more
maintenance personnel to the suffering plant, the work force is able to catch its breath.
The maintenance force Erows to where it can keep up with the reactive work and deliver

int, wrench time drops as uncertainty sets in
85 to where (o attack the next job. The discussion and all i

Basic Scheduling, come into play to keep productivity low,
Second, so-called blanket work orders greatly damage both productivity and record

than write a work order, the supervisor may direct a mechanic to hang a bulletin board in
the front office and “charge the time to Bianket 103" (miscellaneous mechanical work).
The productivity problem created is threefold. One, the supervisor and mechanic have
stepped outside of the planning and scheduling process. The supervisor could give the
mechanic a time estimate, but Probably will not. Two, the extraneoys job was not sched-
uled into the week’s allocation of work. As the practice of doing work on blankets €xpands,

App-1.1
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the week's allocation becomes meaningless without special atiention to schedule compli-
ance. The possibility of doing side jobs on blankels encourages neglect qf the weekly
schedule. The weekiy schedule was based on the work prioritized in the best interest of the
plant. These jobs will be delayed by possibly less important blnn}cet work. Finally, the’use
of blankets invites giving less credibility to the planned time estimates. Instead of assign-
ing a 9-hour job and a 1-hous job from the backlog to a teclymcmp ona lO-hou!' ghtft, the
supervisor may assign only the 9-hour job. The supervisor might direct the technician todo
some miscellaneous cleaning up “on the blanket.” Likewise, blankets all.o?z the ‘techmcmn
to report 5 hours on a planned S-hour job that took all day. The technician might rather
claim the other 5 hours of the day on blanket work rather than having to document all the
reasons the planned job took so long. There is a general loss of control, and many plants
begin to do an extremely large portion of their work on blankets. One piant could account
for less than half of their work hours being spent on specific work orders. The rest was bian-
ket work. Besides productivity, blankets lose vital equipment history. Blnnkqt work leaves
no document to store in the paper files or information to record in electronic files. If the
plant does some equipment work via work orders and some via blankets, then pl:}nners do
nat have complete history from which to collect delay information or base maintenance
decisions going into their plans. ) 3

One sees that there are additional issues and situations affecting how planning and
scheduling affect productivity. One of these is higher wrench l.imfz experienced under cer-
tain conditions without significant planning and scheduling. Certain crafts have somewhat
higher wrench times than industry averages for overall mnin_len:mcc. However, even these
craft are helped by maintenance planning. Plants experiencing extreme trouble also often
do not have poor wrench time. Yet as these plants increase their relmbllny..lhcy bcpcﬁt
from planning and scheduling to maintain a high productivity. They must maintain higher
productivity to allow completion of more proactive work. Another issue is the interference
that blanket work orders cause the planning and scheduling effort, Management should
eliminate or greatly restrict the use of blankets.

APPENDIX J

WORK ORDER SYSTEM AND
CODES

Starting a work onder system is the most important improvement one can make to a main-
tenance program. The work order system is the process by which the maintenance manages
all plant maintenance work. The system assists the plant in keeping track of, prioritizing,
planning, scheduling, analyzing, and controlling maintenance work. The plant must have a
viable work order system as a foundation to planning.

This appendix illustrates a typical manual a company would use to document its work order
process. Notes have been inserted to call attention to particular details. Example work
orders throughout this book have used the codes from this appendix. The manual should pri-
marily illustrate the work order form, the work order process, and identify the codes used in
the system. As a CMMS becomes developed, it is not unreasonable to expect that the CMMS
could contain the essentials of the work order manual and replace it.

This example company uses a paper work order system for persons that originate work
orders. A clerk enters the work orders into the CMMS system. The plant is currently con-
sidering creating a CMMS screen to resemble its work order form and allowing persons to
enter their own work orders directly into the system.

Itis a good idea to have a document that sets forth the rules of using work orders. It is
not necessary that the document be exceedingly thick.

COMPANY WORK ORDER SYSTEM MANUAL
TABLE OF CONTENTS

Introduction
Work Flow
Work Order Form and Required Fields
CMMS Instructions for Plant-Wide Use
Codes

Priority

Status

Department and Crew

Work Type

Plan Type

QOutage

Plant and Unit

Equipment Group and System
Equipment Type
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Action Taken

Reason, Cause, and Failure
Work Order Numbering System
Manual Distribution

INTRODUCTION

The work order system is the process which the Maintenance Department uses to manage
all plant maintenance work. The work order system assists the plant in keeping track of, pri-
oritizing, planning, scheduling, analyzing, and controlling maintenance work. (The terms
WO and work order have the same meaning.) A major purpose of using work orders for
plant equipment is to be able to track its history. Using blanket work orders or having sev-
eral pieces of equipment on the same work order destroys the process of keeping history,

The work flow diagram shows the steps of the cycle that occur from initiating a work
order to work completion,

The plant uses the work order form as the document to record information associated
with executing the work request.

After work completion, WO forms which have historical value are filed to assist future
work. Codes are used with each work order to allow vatious sorts and analysis of mainte-
nance work. For example, the outage code allows sorting out all work orders that must be
done during a unit outage.

The CMMS (computerized maintenance management system) allows computer track-
ing and analysis of work orders as well as plant equipment data. The syslem is on the per-
sonal computer (PC) network and may be accessed from any plant.

The WO numbering system provides for assigning each separate work order a unique num-
ber to allow keeping the work done under that number separate from other maintenance work.

A WO System Manual is distributed to each person on the manual distribution list who
is responsible for keeping it up to date with all issued revisions. The Job Planning
Coordinator coordinates and distributes all revisions to the WQ System Manual.

WORK FLOW

Work flow diagrams show the steps of the cycle that occur from initiating a work order to
work completion. Figure J.1 shows the normal steps of the work process, Figure 1.2 shows
the steps taken during emergencies. In emergencies, action begins with verbal instructions
and the paperwork follows later.

WORK ORDER FORM AND REQUIRED FIELDS

The work order form is the document used to record information associated with:

L. an identified problem, need, or work request

2. the work authorized to be done

3. the plans, details, and schedules necessary to perform the work
4. the results of that work

After work completion, the planning department files work order forms which have his-
torical value to assist future work.

.

(FORMAL or INFORMAL)

.
BY PLANMER or SUPY

BY PLANNING CLERK

BY SUPV & OPERATIONS
Copy of work ordes goes lo Opns.

DAILY SCHEDULE

1 5 CLEARING

WEEK SCHEDULE
(FORMAL or INFORMAL)

OPEN
PLANNING
LBY SCHEDARER o SUPY

SEND TO PROJECTS IF NEC) &

{ BY MANAGEMENT

AUTHORIZATION

N
\
;s | EXECUTION
| 6v cRaFT

Ag

= =P eramior INSTRUCTIONS OR GTHER INFO

R OR CREW LEADER

WORK ORDER
GENERAL WORK FLOW

——

vaise).

8Y PLANNER
RETURN EQUIP
TO SERVICE

8Y SUPV & OPERATIONS

CODE
=
Original goes 10 file
{f & has

<

5. “INFORMAL® REFERS TO CRAFTS WHERE THE SUPV DOES THE PLANNING OR SCHEDULING

4. THE PROJECTS GROUP RECEIVES REFERRED WORK AS A CRAFT
FIGURE J.1 Company work flow diagram.

1= e PATH OF THE W.0. FORM;
2 *SUPV" REFERS TO CRAFT SUPERVISO

3 _ B wicLuoes comeuteR EnTRY

Origral goes to collection place.
Copy stays whh Originator
ORIGINATION
& APPROVAL
| BY ORIGINATOR & SUPY
BY PLANNER & CLERK
JOB FEEDBACK
& ANALYSIS
BY TECHNICIAN & SUPV

NOTES
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Figure 1.3 illustrates the work order form this company uses. Figure J.4 identifies who
is responsible for completing each section of the form.

The following information is used by the Job Planning Coordinator when ordering new
work order forms from the printer. The JPC gives this information to the company graph-
ics depariment, printer, or forms order company along with a reproducible original.

Copy all four parts; enlarge them to have /4-inch left and right margin.

No additional numbers should appear anywhere on the form or tab.

Lot 2: BOOO through B999
Lot 2: DO0O through D999
Lot 2: FOOO through F999
Lot 2: HO0O through H999
Lot 2: KOOO through K999
Lot 2: MOOO through M999
Lot 2: PODO through P999
Lot 2: ROOO through R999
Lot 2: W000 through W999
Lot 2: Y000 through Y999

Note: Do not use letters i, o, s, u, v, or z. Package in nearly equal amounts (between 50

Part 1 information: White stock, 81/2 % 11 inch, print the front and back (see sample).
Part 2 information:  Pink stock, 8'/2 ¢ 11 inch, print the front only (see sample).
Pant 3 information:  Blue stock, 81/2 inch X cut at bottom line, print the front only.
Part 4 information:  Goldenrod stock, 8'/2 inch X cut at bottom line, printing front

Contacts: Get the Job Planning Coordinator's name and phone number,

o
=
q « E General Information
4 =}
i g 3 5 2 All parts are printed in black.
S 3 5 ;_ g Carbonless paper is used.
' EE, z ;\:{,’ E 5 Note that the original is reduced in size!
l 18 215 Bye% 2 &
! * X AN 5 g Numbeting should be in red ink at the top of the form,
: KR : 3
| 1 BENLE, w i
% : _ ?95%% F = % E Numbering sequence should be as follows:
Z g LAY ]
| | Q¥ * A3 28 Lot 1: ADOO through A999
EelE X ' g
LL :__-_ §E§--——:|§ 5__,. : g g Lot 1: €000 through €999
o X e ECE 4 5 |3 g B2 Lot 1: E00O through E999
14 EES|3 @ Ex, g Lot 1: GOOO through G999
g O |! |5=2¢s ’ 5 SgE 8y
I ; ' s 2= L Lot 1: JOOO through 1999
FEY W
o ; ! ’ | ¢ 5E g & Lot 1: LOOO through L999
(@) >= ‘ / * 5 E % £ § Lot 1: NOOO through N999
v O l I/ §_ oS § 2 Lot 1: Q000 through Q999
o < ' gl , N g £z g p# Lot 1: TOOO through T999
ou : “| 7 3wl S i § Lot 1: X000 through X999
;0 F-mlo |2 o of§ ?;qu.
42 g |2 3 E &l F1ER 2 d 200); i Lis required
T : § .%. . Em ) S E an ); no specific amount is required,
E = 8 o B
] Q @o © - 0
w , i i
. i g
! g § : |
1
Fad
3 | =z 2 !‘ 2 only (see sample).
el L el !
] b o 24
158 1 H z9 E o | :
[N 77} = E
N EEE cEE 83z g CMMS INSTRUCTIONS FOR PLANT-WIDE USE

(Note: This section should cut down the 1-inch-thick computter manual that came with the
CMMS to a few pages of key instructions for non-planning group persons such as most
plant supervisors, technicians, operators, and managers. The example used for this section
has been discussed in Chap, 8 and placed in App. L dealing with a CMMS installation.)
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APPENDIX ) App-).7
WORK ORDER WORK ORDER
REQUESTER SECTION #Prlority S REQUESTER SECTION Priority ___
Equipment Tag#
Problem or Work Requested: Def Tag#

Equipment Tag#
Problem or Work Requested: \ / Def Tag #
Wy

— (ORIGINATOR) ‘mamert®™
Qutage Req? Y/N  Clearance Req? Y/N  Confined Space? Y/N Warauu Req? IN\(hﬁT:ed Space? Y/N
By: Date & Thme: APPROVAL: By: Date & Time:

APPROVAL: == (ORIG'S SUPY)
PLANNING SECTION Assigned Crew: Attachment? Y/N PLANNING SECTION Assigned Crew: e
Description of work to be performed: —_—

Description of work to be performed: ///
\ (PLANNER)
Labor requirements:
Parts requirements:

Labor requirements: 7
Parts requirements:

Special tools requirements: Special tools Jquirements:

By: Date & Time: Job Estimate: Actual:

By: Date & Tlme: Job Estimate: Actual:
D atmate: Actual: |
CRAFT FEEDBA CK (Modify plan sections above:actusl labor, parts, & tools)
Work performed including equipment changes & any problems or delays:

CRAFT FEEDBACK (Meodify plan sections abave:actual labor, parts, & tools)
Work performed including equipment eh%s & any problems or delays:

\ (TECHNICIAN)

Date & TimeStarted:_ Dute & Tlme Completed: Date & Time Start /‘ Date & Time Complﬂ\
By: Date : APPROVAL: By: Dai

X ate ; APPROVAL: - Trcy's supy
CODING CODING ~gme  (PLANNER)

FIGURE J.3 Company work order form. FIGURE J.4 [dentification of information responsibility on work order form
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CODES

Codes are used with each work order to allow various sorts and analysis of maintenance
work. For example, the outage code allows gathering all work orders that must be done dur-
ing a unit outage. Here is an example set of codes for an oil and gas fired electric power sta-
tion that has both steam and gas turbine generating units. These codes illustrate what codes
are used for and look like.

Priority

(Note: Priority codes allow ranking work orders in order of importance to know which to
handle first. See Scheduling Principle 2 for more discussion of their importance and how
incorrect usage can hinder productivity. Organizational discipline that comes through edu-
cation, communication, and management commitment helps ensure correct usage.)

Work Order Priority Codes. First digit—priority type. {(Note: The first digit does not
indicate priority preference; each type has equal weight.)

§ Safety

H Heat rate

E Environmental or regulatory

R Reliability or availability

G General

Second digit—priority order. (Nare: The second digit indicates priority preference.)
0 Emergency Conditions
Loss of unit
Immediate or imminent loss of unit capacity
In violation of environmental regulations
Loss of unit load control
Emergency safety hazard
1 Urgent Conditions
Significant potential for loss of unit or unit capacity
Major loss of heat rate
Significant potential for violation of environmental regulations
Urgent safety hazard
2 Serious Conditions
Condition that could cause serious damage to critical equipment
Serious loss of heat rate
Condition that could cause violation of environmental regulations
Serious safety hazard
PM’'s
3 Noncritical Maintenance on Production Equipment
4 Noncritical Maintenance on Nonproduction Equipment

APPENDIX J App-J.9

(Note: Therefore, work orders with “1” peiorities should be handled ahead of work
orders with “2" priorities and so on regardless of the letter priority type. Having the letters
associated with the priorities helps persons better understand the nature and reasons behind
the work orders and their numerical priorities. If one carefully examines the point criteria
examples, safety is indeed given more weight in that it is easier for a safety (S) work order
to receive a 1 score than it is for heat rate, a unit efficiency measure. In a well functioning
plant, 0 and 1 work orders should be infrequently received. It is maintenance’s objective to
have mostly 2 level PM work orders and 3 and 4 level work orders as the maintenance orga-
nization goes about iis task of maintaining, not recovering. There is a valid argument that
such a short range between 0 and 4 tends to encourage persons to classify work orders as 1
(urgent) and 2 (serious) unnecessarily. For that reason many plants have an extended range,
perhaps 0 to 10. They do not get many 10 work orders, but they do get more 3's and 4's and
less false 1's and 2's.)

Status

(Note: These codes are solely for the CMMS, the simple reason being that the placement
of paper work orders determines their status. For example, paper work orders waiting for
parts are kept by the purchaser, work orders in progress are kept by the technicians, etc.
The CMMS allows the rest of the plant to ascertain where the work orders are in the work
order process.)

Work Order Status Codes

WAPPR—Waiting for approval, This status is the initial status of a WO before plant
management has authorized the work request.

APPR—Approved. Management has authorized the work request and it is ready for
planning.

WSCH—Waiting to be scheduled. The work order has been planned (if planning was
necessary) and it is ready to be scheduled for work.

HOLD-MATL—Waiting for matenal or toels. Materials or tools are unavailable to
either start or continue work.

HOLD-OTHER—Waiting for other reason than materials or tools. Work is waiting on
engineering or management decision to either start or continue work.

PROJ—Project. This work is being undertaken by the corporate project group. Plant
maintenance forces are not involved at this time.

SCHED—Scheduled. Work has been included on the weekly schedule.

INPRG—In progress. Work has already begun or it has been included on the next day's
schedule.

COMP~—-Compileted. Work has been completed, but the finished work and documenta-
tion have not yet been reviewed or analyzed. WO has not yet been closed..

COMP-DWGS—Completed, waiting on drawings. Work has been completed, but
required drawings have not yet been revised. WO has not yet been closed.

COMP-OTHER—Completed, waiting on other. Work has been completed, but some
specific requirement has not yet been submitted. WO has not yet been closed.

CLOSE—Closed. All work and documentation have been completed satisfactorily. WO

is closed. .
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CAN—Canceled. This WO is not considered necessary. WO's may be canceled for a
variety of reasons such as the WO may be a duplicate of another WO, the need for this
work no longer exists, or plant management has decided not to approve the work order
for economic, budget, or other reasons.

Department and Crew

(Note: These codes when assigned to work orders make it possibie to determine and track
who originated the work and who is responsible for executing the work, Backlogs and wark

already performed are easily sorted into crafts such as mechanical and electrical as well as
into crews for responsibility.)

Department and Crew Codes

First digit—Department. Second digit—Crew,
DEPARTMENT 1. Mechanical (Cost Center 1004)
CREW 0: Overall craft superintendent
CREW |
CREW 2
CREW 3
CREW 4
CREW 5
DEPARTMENT 2. Instrumentation & Controls (CC 1006)
CREW 0: Overall craft superintendent
CREW |
CREW 2
DEPARTMENT 3. Electrical (CC 1005)
CREW 0: Overall craft superintendent
CREW |
CREW 2
DEPARTMENT 4. Operations (CC 1002)
CREW 1: A shift
CREW 2: B shift
CREW 3: C shift
CREW 4: D shift
CREW 5: Relief crew
CREW 6: X crew
DEPARTMENT 5. Plant Administration (CC 1001)
CREW 1: Plant Manager
CREW 2: Plant Assistant Manager
CREW 3: Plant Engineers
CREW 4: Administrative Support
CREW 5: Training Department

APPENDIX ) App-J).11

DEPARTMENT 6. Chemistry and Water Support Division (CC 1012)
CREW 1: Administration
CREW 2: Results Laboratory
CREW 3: Central Laboratory

DEPARTMENT 7. Performance Engineering Division (CC 1032)
CREW 1: Administration
CREW 2: Predictive Maintenance
CREW 3: Diagnostic Engineering
CREW 4: Production Analysis

CREW 5: Equip Database, Tagging, and Schematics
DEPARTMENT 8. Support Outside

CREW 1: Outage Management & Contractors (CC 1021)
CREW 2: Project Group & Contractors (use craft CC)

(Note: Thus, a work order coded as written by Crew 4-1 and assigned to Crew 1-3 would
be a work order originated by the A shift crew in operations and it was for mechanical type
work falling into the Crew 3 area of responsibility in the mechanical maintenance department.)

Work Type

(Note: The work type coding allows backlogs and work already performed to be sorted to
determine how the plant is performing. Is most of the work trouble and breakdown type
work or is most of it preventive maintenance? Is there any cormrective maintenance to cor-
rect situations from turning into trouble and breakdown type problems? The company try-

ing to have a maintenance program and not just a repair service considers this type of
information.)

Work Type Codes

1. Spare equipment (noninstalled). Maintenance activity performed on noninstalled
(spare) plant equipment. Rebuilding rotating spares is included.

2, Structural. Maintenance activity performed to maintain general plant structural
integrity. This includes associated support work such as surface preparation, painting,
structural weld repair, and insulation renewal. Insulation and lagging removal and replace-

ment necessary (o perform an inspection or repair of a covered or protected component
would not be considered as structural,

3. Project. Maintenance activity performed on equipment or plant involving a modi-

fication, upgrading, or improvement and performed on a one-time basis, whether or not a
unit cutage is involved.

4. Buildings and grounds. Maintenance activity to maintain general plant appearance
such as trash hauling, janitorial work, gardening, material handling, safety inspections, and
general housekeeping efforts. Exceptions: Additional effort required due to extensive plant
structural repairs is structural work.

5. Trouble and breakdown. Maintenance activity required to retumn a unit or plant
tquipment to normal operating conditions due to an equipment breakdown or failure to
Operate properly. Failed or improperly o'f:crating equipment discovered or worked during a
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planned outage is this work type only if the particular item is preventing the return to ser-
vice of the unit at the time of discovery.

6. Overhaul. Maintenance activity performed for general overhaul inspection or
rebuild of one or more major equipment groups during a scheduled outage shown on the
1-Year Outage Plan. An overhaul is intended to keep equipment in proper operating con-
dition or restore capability that has gradually diminished over time. Ali work performed in
preparation of, during, in cleanup from, or otherwise due to the overhaul is considered to
be this work type. The work is not project work because an improvement over the original
design capability is not intended. An overhuul is beyond the scope of normal preventive
maintenance. The overhau! occurs before specific trouble or breakdown has happened and
before predictive maintenance is recommended.

7. Preventive maintenance. Maintenance activity performed which is repeated at a
predetermined frequency and is scheduled from a preventive maintenance listing or pro-
gram. The frequency established need not be related to calendar time but can be required
based on predetermined service time or events such as the number of service hours or starts.
Work which is performed during an overhaul outage, but would be performed anyway if
the ocutage was postponed, is included in this work type.

8. Predictive maintenance. Maintenance activity performed based on a prediction
that future equipment breakdown or failure to operate properly will occur. The prediction
is based on trend analysis of diagnostic data collected by techniques such as vibration or
lube oil analysis. The need for maintenance would not normally have been apparent with-
out analysis of the diagnostic data.

9. Corrective maintenance. Proactive maintenance activity performed based on a
prediction that future equipment breakdown or failure to operate properly will occur. The
intent of comrective maintenance is o maintain equipment optimum performance. The need
for maintenance is normally established by inspection. The prediction is not based on a pre-
dictive maintenance type technology or trend analysis, nor is it based on a preventive main-
tenance type predetermined frequency.

Plan Type

(Note: The proactive and reactive part of the plan type code is similar to work type butisa
broader category. In general, all the work types except number 5, trouble and breakdown,
are proactive. The maintenance department wants to be working on proactive work to avoid
later trouble that would inconvenience the plant operation and require excessive mainte-
nance effort. By definition, proactive work is not urgent, so the planning department wants
1o spend more time planning these jobs to be most effective and efficient when executed.
The planning department also wants to recognize the reactive work orders so they can be
quickly passed on to the maintenance department for timely resolution. Minimum versus
extensive maintenance coding also helps the planning department recognize how much
cffort to expend on planning the work. Small jobs are frequently not worth much time spent
on planning, though some time is still necessary.)

Plan type codes. First digit—Reactive or Proactive

R Reaclive
Equipment has actually broken down or failed to operate properly.
Priority-1 jobs are defined as urgent and so they are reactive.

P Proactive. Proactive work heads off more serious work later. If the damage is
already done, the work is reactive.

APPENDIX J App-J.13

Work done to prevent equipment from failing.
Any PM job.

Generally Predictive Maintenance initiated work that if done in time will prevent
equipment problems.

Project work.
Second Digit—Minimum Maintenance or Extensive Maintenance

M Minimum maintenance. Minimum maintenance work must meet alf of the follow-
ing conditions:

Work has no historical value.

Work estimate is not more than 4 total work hours (e.g., two persons for 2 hours each
or one person for 4 hours).

While parts may be required, no ordering or even reserving of parts is necessary.
E Extensive maintenance. All other work is considered “extensive.”

(Nore: “RE” would be an example plan type code for a reactive job that is also
extensive.)

Outage

{(Note: These codes are not the same as work order status codes. If the maintepance group
can only perform a certain work order during a unit outage, it is critical that this limitation
be recognized as soon as possible. This is regardless of whether the work order has yet been
approved or planned. The planning group must be able to recognize these work orders in
order to plan them more expeditiously than other work. There may or may not be a sudden
window of opportunity to execute the work. If there is an unexpecied outage for some other
reason, it is wise to have planned these work orders in time. Outage refers to the condition
of the entire plant unit, not the individual piece of equipment.)

Outage Codes

L. Forced short outage. A component failure or other condition which requires the
unit to be removed from service immediately or at any titme prior to the end of the upcom-
ing weekend.

.2. Scheduled short outage. A component failure or other condition which requires the
unit lo be removed from service, but not necessarily before the end of the upcoming week-
end. The work does not have to be done during a major outage,

3. Majoroutage. Work which can only be done during a major outage such as a major
rebuild or overhaul inspection or work on one or more major equipment groups. The out-
age is normally shown as a planned outage on the 1-Year Outage Plan, Testing after a major
outage at limited loads is included.

4. Not Used.

. 5. Forced derating. A component failure or other condition which requires the max-
imum capability of the unit to be reduced immediately or at any time prior to the end of the
upcoming weekend.

_ 6. Scheduled derating. A component failure or other condition which requires the max-
imum capability of the unit to be reduced, but not necessarily before the end of the upcoming
weekend. The work does not have to be done during a major outage.
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7. Potential outage, redundant installed equipment. A trouble condition which
requires a piece of redundant equipment to be taken out of service without affecting the unit
capability; but if the backup equipment failed an outage or derating would result.

8. Not used.

9. Potential outage, noninstalled spare equipment. Work performed on noninstalled
spare equipment (such as rebuilding rotating spares) where if the unit suddenly needed the
spare, the spare would not be available and a more serious than normal unit outage or de-
rating would occur.

U, Starting up. 'Work which requires the unit to be in a start-up mode where the unit
is being brought on-line. Equipment tests or adjustments that can only be done during a
start-up condition are included.

D. Shutting down. Work that can or should only be done when the unit is on line, but
Dispatch nio longer nceds the unit and the unit is about to be shut down. Typically, equip-
ment tests or adjustments that may trip the unit are included.

(Note: Thus, a work order coded as a 2 could only be done when the unit is down on
outage for some reason. If a SNOW (short notice outage work) outage occurs and the out-
age will take 48 hours, this SNOW work order might be a candidate for including in the
outage work scope. This work order could only be included if it is already planned and
ready for scheduling. One might not know if the work order could be done if the job was
not furnished with an expected duration via planning, say 24 or 78 hours of duration.)

Piant and Unit

{Note: The plant and unit coding begins the equipment coding system. The company has
an “inteltigent” numbering system. The equipment number identifies the plant, unit, and
system of the equipment being discussed.)

Plant and Unit Codes.  First digit—Plant. Second and third digits—Unit.

PLANT N—North Generating Station
UNIT 00—Steam Plant Common
UNIT 01—Steam Unit One
UNIT 02—Steam Unit Two
UNIT 03—Steam Unit Three
UNIT 04—Steam Unit Four
UNIT 30—Gas Turbine Plant Common
UNIT 31—GT Unit 1
UNIT 32—GT Unit 2
UNIT 33—GT Unit 3
UNIT 34—GT Unit 4

PLANT S—South Generating Station
UNIT 00—Steam Plant Common
UNIT 01—Steam Unit One
UNIT 02—Steam Unit Two
UNIT 03—Steam Unit Three
UNIT 04—Steam Unit Five

(Note: Thus, a code of NO2 would indicate North Station Unit 2.}
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Equipment Group and System

(Note_: E_.ach equipment group is shown with its composing systems. For example, Group
A, Air, is follqwad _by the systems within the Air Group, System 1, Instrument Air, and
System S, Service Air. Following this listing is a comprehensive definition of each system.)

Group and System Codes. First digit—Group. Second digit—System.
A Air
I Instrument
S Service
B Boiler

Air Flow for Combustion
Boiler Tubes and Steam Generating Section
Controls
Air Preheater Heat Exchanger
Bumer Front
Gas Flow from Combustion
Aspirating Air
Casing and Structure
Convection Pass
Sootblowers
Seal Air
Vents and Drains
Wash Drains
C Condensate
Feedwater Heater Drains
Flow
Polishers
Recovery
Supply
Vacuum Supply
D Feedwater
Auxiliary Feedwater
BFP Fluid Drive
Flow
BFP Lube 0il
Boiler Feedwater Pump
BFP Steam Turbine
E Electrical

C Communication

D 120-250 Vdc

I Control Room Instrumentation

< LYT- 0T mOE >
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L Plant Lighting and Distribution.

M Miscellaneous

S Switchgear, Load Center, and MCC
Y Switchyard

Fuel

Fuel Oil Burner Supply and Return
Fuel Oil Service Pump

Diesel Storage and Transfer

Fuel Oil Heaters

Ignitor Fuel Supply

Natural Gas

Fuel Qil Storage and Transfer
Propane Gas

Vehicle Fuel Storage

Wharf Fucility for Ship Unloading
Generator

Diesel Generator

Exciter

Hydrogen

Isolated Phase

Seal Oil

Protection Circuit

Rotating Field

Stator

Voltage Regulator

Stator Oil and Cooling Water
Water

A Treatment Plant Acid

C  Treatment Plant Caustic
D
P

£<90Z"ILOUNW

E<m T O T mg

Demineralizer

Potable Water Supply

Raw Water Supply

Intake

C Canal

F Fish Protection Traveling Screens
R Intake Chemical Treatment
Cooling Water

C Condenser Cleaning

1 Circulating Water

L Closed Cooling

=

APPENDIX J

R River Water
T Cooling Tower
X Condenser
K Fire Protection
D Dry Chemical

P
8}

Portable
Gas Turbine

W Water and Foam

A

Environmental

Air Quality

W Water Quality

TOoOZZOAO»

w

HUPmOOVZTMW>

A
B
C
F
H
I

J

L
0
P

Reagent and Chemical

Acid Cleaning for Boiler

CO, and H, Supply

Condenser Discharge Chemical Injection
Miscellaneous

Nitrogen Supply

Fuel Oil Treatment

Condensate pH Chemical Injection
Boiler Wash

Steam

Auxiliary Piping

Extraction Piping

Main Steam Piping

Primary Superheating Section
Secondary Superheating Section
Reheat Piping

Reheat Superheating Section
Auxiliary Boiler

Steam Turbine

HP and IP Section

IP Section

LP Section

Front Standard

HP and IP Turbine Control

Monitor Supervisory Instrumentation
Turbine Controls

Steam Seals

Lubricating Qil

Pedestal

App-J.17
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S Structure F  Production Equipment
c -
V  Vents and Drains S g::::::r
X Crossover Pipe Z Miscellaneous
U Gas Turbine ) B Buildings and Grounds
A Accessory Station € Turbine Deck Bridge Crane
B Bearing and Coupling E  Electric Tools and Equipment
C Compressor Section F  Freeze Protection
D DEH Control H  Hydraulic Tools and Equipment
E Exhaust L Laboratory
G Generator M Machine Shop Equipment
H Housing O Other Tools and Equipment
[ Combustor Section P Pneumatic Tools and Equipment
J  Cooling Water S Security
O Lubricating Oil V  Plant Vehicles
P Protection and Control Group and System Definitions. Except as noted in the individual system definitions,
R Starting several general definitions apply. Each system includes its related gauge work, instrumen-
S Suppons tqti‘on and controls, power anc{ cmlmol w:iring. and brea!cers. Piping means the complete
) . piping system, including the pipe itself, insulation, lagging, hangers and supports, steam
T Turbine Section tracing lincs, valves, safety relief valves, orifices, strainers, drains, and traps associated
U Tuming Gear with that pipe. All electrical, instrumentation, and mechanical devices which exclusively
W Water Wash serve a major component are accounted for in the same system as that component.
Z Atomizing Air

A AIR
Al Air Instrument

V  Ventilation

A Air Conditioning
D Equipment Dry Layup
M Miscellaneous Vents and Exhausts
S Steam Heating
W  Waste
Waste Fuel Collection
Water and Boiler Wash Collection
Water Instrumentation
Liquid Waste
Solid Waste Disposal
Sewage Treatment
Y Blanket Accounts
Operations
Maintenance
Administration
Engincering
Structural

E!n[""‘:"ﬂ

fes B o BN o T+« B 4

Provides compressed air to pneumatic controls and instrumentation. Includes
compressors, dryers, coolers, separators, air tanks, and piping. Instrument Air can
also be described as piping coming from the service air compressors when the
compressors serve both systems.

AS  Air Service

Provides compressed air for general plant service (house air) such as ajr motors and
air hose connections. Includes compressors, dryers, coolers, separators, air tanks,
and piping.
BOILER

BA  Boiler-Air Flow for Combustion

All combustion air ducting from the air intake ports to the windbox. Includes all
related hangers and suppots, dampers, damper controls, expansion joints, orifices
and the windbox. Includes FD fans, fan casings, inlet vanes, motors and foundation,
Includes the overfire air system. Does not include preheaters (BE) or seal nir sys-
tem (BT).

BB  Boiler-Boiler Tubes and Steam Generating Section

Steam drum and its internals, mud drum, furnace tubes (all passes), downcomers,
risers, tube headers, boiler circulation pump, and drum safety valves. The blowdown
lines, drain lines, and flash tank are part of system BV. The convective pass tubes
are found in system BP. The econoriizer is part of the feedwater flow in system DF,
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BC Boiler—Controls

Controls for the fuel and air supply to the bumners. Includes boiler master controls
and zssociated signal transmitters and analyzers. Includes electronic control sys-
tems, transmitters, and terminals,

BE Boiler-Air Preheater Heat Exchanger

Regenerative or tube type air preheuter. Bearings, baskets, casing, seals, lube oil
system, drive motors (air and electric), and gears. Includes wash lances. _A_lso
includes the steam coil air preheater. Includes coils, inlet and outlt_:l v:_lhfes, piping
from the steamn source, condensate hotwell, and any condensate drain piping to con-
densate recovery. Does not inciude sootblowers which are in BS.

BF Boiler-Bumer Front

Oil and gas burners, ignitors, air register, and flame controls. Steam used to purge
and clean the burners and fuel oil headers at the bumer decks. Inctudes piping
downstream of the auxiliary steam header,

BG  Boiler-Gas Flow for Combustion

All combustion gas ducting from the economizer plenum to and including the
exhoust stack and the gas recirculation ducting. Related hangers and supports,
dampers, damper controls, expansion joints, and the exhaust _smck. Includes 1D anfi
GR fans, fan casings, ID fluid drives, motors, fluid drive o_ll coolers, the Iub_c oil
piping system, and foundation. Includes any turning gear drive systems nssomate_d
with the fans. Stack gas monitoring equipment are in NA. Does not include the air
preheaters (BE) or the seal air system (BT).

BI Boiler-Aspirating Air
Blowers and piping that provide aspirating air to the burner front flame scanners.

The same system may also provide combustion air to the propane ignitors. Does not
include seal air (BT).

BJ Boiler-Casing and Structure

Outer casing, insulation, inner casing, structural steel, access doors, gas seals,
expansion joints, deck plates and grating, hand rails, stairs and ladders, access
doors, and furnace buckstays. Includes any penthouse and header enclosure struc-
tures, Includes ash hoppers. Includes any penthouse blowers. Includes any beiler
seal skirt which wraps around the bottom hopper of the boiler furnace. Does not
include steam piping or headers (Group 8).

BP Boiler—Convection Pass. Includes convective pass wall tubes and inlet and
outlet headers,

BS Boiler—Sootblowers

Sootblowers, drive motors, steam supply, and air supply piping. Inclqd;s control
panel interlocks and wiring. Does not include the boiler caustic wash piping (BW).

BT Boiler-Seal Air

Piping that provides seal air from the combustion air system to the induced fimft
and gas recirculation fan seals. Piping that provides cooh.ng air to the gas recircu-
lation fan. For positive pressure boilers such as.South Unit 3, this system also pro-
vides seal air to sootblower and view port openings.

BV Boiler~Vents and Drains

Waterside drain lines and all vent lines necessary for boiler filling and draining. All
boiler blowdown and drain piping and valving. Blowdown (flash) tank, biowdowg
tank drain pump. Does not include the headers being serviced by the vents an
drains, Does not include the nitrogen supply which is in system RN.
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BW Boiler—-Wash Drains

Wash drain piping and collection troughs which serve the furnace, air preheater,
and economizer sections of the boiler and includes piping prior to the sumps and
trenches in system WH.

CONDENSATE

CD Condensate-Feedwater Heater Drains

Drain piping from all feedwater heaters. Inciudes heater drain pumps, high- and
low-pressure flash tanks, and piping up to the condensate flow systern (CF).
Includes turbine water induction protection system. Also includes manual vent and
drain piping.

CF Condensate-Flow

Condensate piping beginning at the condensate pumnp outlet through to the deaera-
tor, condensate booster pumps, low- and intermediate-pressure feedwater heaters
(high-pressure feedwater heaters are in system DF), the deaerator, and the deacra-
tor storage tank, Does not include the condensate (hotwell) pump which is part of
the condenser system (Ix).

CP Condensate-Polishers

Serving vessels, regenerator tanks, resin, backwash pump, sluice pump, and piping.
CR Condensate-Recovery

Collects high temperature condensate from various parts of the system. May collect
boiler water for transfer 1o storage tank. Includes condensate recovery flash tank,
cooling condenser, condensate recovery transfer pump, hotwell drain pump, and
piping.

CS  Condensate-Supply

Includes condensate storage tanks whether the water is polished and treated water
tanks or only demineralized. Includes pumps and piping to and from the deminer-
alizer system. Also includes the boiler fili pump.

CV  Condensate-Vacuum Supply

Vacuum pumps, exhaust silencers, hogging jet, primary and secondary steam air
ejectors, moisture collection tanks, oil drain tanks, vacuum breaker, and piping.

FEEDWATER
DA Feedwater-Auxiliary Feedwater

Auxiliary feedwater pump, feedwater heaters, and piping which supply the reboil-
ers (SA). Does not include the auxiliary boiler feedwater system which is included
with the auxiliary boiler (SX).

DD  Feedwater-BFP Fluid Drive

Fluid drive unit to the boiler feedwater pump and fluid cooling system. Includes oil
supply and return piping to BFP bearings.

DF Feedwater-Flow

Feedwater booster pumps, high-pressure feedwater heaters, economizer. Piping,
including piping after the economizer up to the steam drum and piping after the
deaerator storage tank. Does not include the feedwater pumps which are in system
DP. For North Unit 1, this includes the piping from the economizer outlet header
up to but not including the furnace first pass inlet headers, which is in system BB.
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DO Feedwater-Lube Oil for BFP and BFP Steam Turbine

Lube oil storage tank, lube oil pumps, oil coolers, and piping.

DP Feedwater-Boiler Feedwater Pump

Boiler feedwater pump, motor, feedwater piping up to and including su:.:tion and
discharge valves. Includes seal water piping. Does not include the fluid drive (DD)
and lube oil piping (DO). Does not include a drive turbine (DT), if present.

DT Feedwater—-BFP Steam Turbine

Turbine, inlet and outlet sieam piping, including the steam governing v‘alves, con-
densate drains. Lube oil is covered under system DO. Steam seals are included in

system TL.
ELECTRICAL
EC Electrical-Communication
All in-house and outside telephone systems. Public address system.
ED Electrical-120-250 Vdc
DC inverters and motor-generator sets used for charging the relay batteries and any
other dc applications. Includes the batteries.
El Electrical-Centrol Room Instrumentation
Controls and instrumentation for specific devices are part of the system in which
the device resides. For example, the boiler feed pump controls belong in the boiler
feed pump system. Otherwise, this system contains all qlhcr panel controls,
recorders, gauges, displays, etc., located in the boiler or turbmc-generator.conn-c?l
rooms. Nonelectric controls are usnally specific enough to place them in their
respective systems.
EL Electrical-Plant Lighting and Distribution
All general illumination fixtures, including their wiring and switches. Inciudes avi-
ation lighting and portable lighting.
EM Electrical-Miscellaneous
Reserved for any equipment that would not be in any of the other dcsigna}ed 8ys-
tems. Examples are cable trays, portable power centers, and grounding grid, Also
includes electrical freeze protection circuitry if not specific to a system.
ES Electrical-Switchgear, Load Center and Motor Control Center
Includes main buses and housing. Tie breakers, feeder breakers, and related trans-
formers. Does not include individual breakers which belong to the motors of
another system.
EY Electrical-Switchyard
Switchyard breakers, power lines, and gantry work. Main transformer, startup
transformer, auxiliary transformer, etc.
FUEL
FB Fuel-Fuel Oil Burner Supply and Return
0il supply piping downstream of fuel oil heaters, high-pressure strainers, constant
differential purmps, piping serving individual burners, bumers in and out controls,
and oil piping upstream of the return line to the valve farm. Includes oil purge sys-
tem. Does not include oil burners which are in system BF.
FC Fuel-Fuel Oil Service Pump -
Fuel oil service pumps, strainers, piping up to but not including the fuel oil heaters.
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FD Fuel-Diesel Storage and Transfer

No. 2 oil storage tanks, retaining dikes, transfer pumps, and piping to and from the
gas turbines. Does not include the unloading dock (FW).

FH Fuel-Fuel Oil Heatets

Fuel oil heaters and related piping. Steam supply piping from auxiliary steam (SA).
Not included are the condensate drains, which are part of the heater drain system
(HK).

F1  Fuel-Ignitor Supply

Equipment and piping leading from the natural gas (FN) and propane (FP) systems
which uniquely supply the ignitors of the main burners of the boiler. Includes the
natural gas trip valves, burner ignition valves, and vent piping.

FN Fuel-Natural Gas

Metering station, scrubbers, vaporizers, and piping (including vents and drains) to
the burners. Does not include gas burners which are in system BF. Does not include
ignitor supply as defined in system FI.

FO Fuel-Fuel Oil Storage and Transfer

Fuel oil tanks, steam coil heaters and transfer pumps including their reduction gear-
ing and piping, including the valve farm, retaining dikes, and oil sumps. This would
also include any fixed oil and water separating equipment. Also includes the sup-
ply piping between the valve farm and unit fuel oil strainers (FC) and the return pip-
ing (FB). Includes steam supply and condensate return for steam tracing.

FP  Fuel-Propane Gas

Propane storage tank, vaporizer, common piping up to but not including the gas
ignitor fuel supply F1. Does not include propane to the auxiliary boiler, which is
part of system SX.

FV  Vechicle Fuel Storage

Separate diesel or gasoline storage tank for vehicle supply. Propane for the forklifts
is tapped off the main storage tank in system FP,

FW  Fuel-Wharf Facility for Ship Unloading
Marine arms, unloading purnps, stripping pumps, piping, and dock structure,

including the tanker-man house. The oil piping is included up to the fuel storage
tanks.

GENERATOR
GD Diesel-Engine and Generator

Includes any reserve generator driven by a piston engine (diesel or gasoline). The
rest of the systems in G group are for turbine-driven generators.

GE Generator-Exciter

Generator exciter. Includes the casing, rotating and static elements, and field
breaker. Includes any exciter cooler and closed cooling piping exclusive to the
exciter.

GH Generator-Hydrogen

Hydrogen coolers, hydrogen control panel, hydrogen and carbon dioxide mani-
folds, liquid detector, purity meter, gas dryer, and hydrogen and carbon dioxide
piping. Does not include the hydrogen or carbon dioxide bulk storage which are in
system RC.

L
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Gl Generator-Isolated Phase

Bus assembly from the generator lead box to the main transformer, ducting, heater
and cooler, and generator disconnect switch. Main generator breaker in the switch-
yard is in system EY.

GO  Generator-Seal Oil

Main seal oil pump, emergency seal oil pump, recirculation pump, vacuum pump,
vacuum tank, detraining tank, shaft seals, seal drain header, and piping. For a unit that
shares 1 common system for generator seal oil and turbine lube oil, use system TO.

GP  Generator-Protection Circuit

Various relays, transmitters, recorders, panel gauges, switches, and interlocks used
to protect the generator from damage.

GR Generator-Rotating Field

Generator rotor and coils, collector ring and brushes, rotor couplings, any rotating
blades, and field rheostat.

GS Generator-Stator

Main stator assembly, generator casing, support assemblies, end bells, generator
bearing assemblies, fan shrouds, hydrogen diffuser baffle, bus bar enclosure, and
main lead connection box and bushings.

GV Generator-Voltage Regulator
Voltage regulator assembly, excitation transformer, control panel.
GW  Generator-Stator Oil and Cooling Water

Stator cooling oil tank, stator cooling pumps, coolers, vacuum pumps, am_l Piping.
Includes any stator cooling water deionizer, heat exchanger, pumps and piping.

WATER

HA General Water-Treatment Plant Acid

Acid tank, feed pump, and related piping.

HC General Water—Treatment Plant Caustic

Caustic transfer purnp, caustic mixing tank, and related piping.

HD General Water-Demineralizer

Cation, anion, and mixed bed tanks, resins, carbon purifier, degasifier or acrator,
silica analyzer, transfer pump, and related piping.

HP General Water-Potable Water Supply

Plant water piping downstream of the chlorination source. This could be a city
water tie-in of an on-site chlorinator. Includes the chlorinator. Includes general use
fixtures such as domestic water heaters, sinks, commodes, etc. Includes any stor-
age tanks and service pumps. Does not include piping exclusively dedicated to fire
protection or fire hydrants (system KW).

HR General Water-Raw Water Supply

Well pumps, raw water booster pumps, aerator tank, and related piping which is
used strictly for raw water. Does not include plant chlorination equipment, which
is the beginning of system HP.

INTAKE

IC Intake-Canal

Intake canal, log screens, bubble buster, trash rakes, cathodic protection, tide gate,
and intake well. Includes stationary cranes. Mobile cranes would be in ZV. Does
not include the circulating pumps, which are in system JI.
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IF Intake-Fish Protection Traveling Screens

Used for filtering of debris, fish, etc., from the intake canal water before it enters
the circulating pumps. Inciudes the traveling screen assemblies, fish return troughs,
and screen wash pumps. South Stations has a screen wash pump with each screen
assembly. North has a screen wash pump that supplies all screen assemblies.

IR Intake-Intake Chemical Treatment

Sedium hypochlorite or chlorine tank and piping, including the injector pump and
piping to each intake well.

COOLING WATER

JC Cooling Water-Condenser Cleaning
Condenser cleaning systemn.

J1 Cooling Water-Circulating Water

Circulating water pumps and intake piping leading to the condenser water boxes
and condenser discharge piping.

JL  Cooling Water-Closed Cooling

Closed cooling provides a heat sink for various bearings, lube oil systems, and other
processes throughout the plant. The system is isolated from other water systems in
the plant, hence its name. The closed cooling heat exchanger discharges this heat
into the river water system. Includes closed cooling heat exchangers (river water
heat exchangers), closed cooling pumps and booster pumps. Inciudes supply and
return piping. Does not include the supplied heat exchangers, each of which
belongs to its respective system.

IR Cooling Water-River Water

River water is taken from the condenser inlet headers and sent to the closed cool-
ing heat exchanger to provide a cool source for the accumutated heat of the closed
cooling water system. The warmed river water is then sent to the condenser outlet
header to be sent to the discharge flume or cooling towers via the circulating water
piping. River water booster pumps, strainers, and piping used for providing river
water between the condenser (JX) and closed cooling heat exchangers (JL).

JT Cooling Water—Cooling Tower

Cooling tower structures and components receive water from and return water to
the circulating system (JI). Does not include air conditiening cooling towers.

IX Cooling Water—Condenser

Condenser shell, tubing, water boxes, condensate drain nozzles into condenser, and
condensate pumps. Includes exhaust shroud between LP turbine and condenser.
Includes the water box vacuum pumps used to assist the filling of the circulating
water system. Does not include the vacuum pumps in system CV.

FIRE PROTECTION
KD Fire Protection-Dry Chemical

Fixed dry chemical systems exclusively dedicated to fire protection. Includes asso-
ciated alarms and controls.

KP Fire Protection—Portable

All types of portable extinguishers. Water, CO,, Halon, potassium nitrate (Purple
K), etc.

KU Fire Protection—Gas Turbine

Fixed systems self-contained in the gas turbine unit. Includes carbon dioxide and
Halon systems. b
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KW Fire Protection-Water and Foam

Fixed dry and wet water piping systems exclusively dedicated to fire protection.
Includes fire hydrants feeding from potable water supply. Includes protected areas
such as burner fronts, transformers, lube oil reservoirs, and offices. Includes asso-
ciated alarms and controls. Includes any exclusively dedicated fire pumps. Potable
water itself is listed as system HP.

ENVIRONMENTAL

NA Environmental-Air Quality

Atmospheric discharge monitoring equipment, Weather monitoring equipment.
Opacity monitor, NO_monitor, SO, monitor, CO monitor, ambient temperature and
humidity probe, transmitters, analyzers, and other computer equipment.

NW Environmental-Water Quality

Groundwater monitoring wells and instrumentation. Cooling water and liquid
waste discharge monitoring are included in JI and WI, respectively.

REAGENT AND CHEMICAL

RA Chemical-Acid Cleaning for Boiler

Piping (temporary or permanent) and piping connections for acid cleaning of the
boiler waterside surfaces. Sce system RW for caustic washing of the fireside sur-
faces. For the boiler wash drains, see system BW.

RC Chemical-CO, and H, Supply

This system provides bulk gas storage for the generator. Hydrogen is used in the
generator as a heat removal medium. Carbon dioxide is used to purge the generator
of hydrogen for fire prevention purposes. This is not considered a fixed system to
be included in KD. Includes tanks, manifolds, regulators, and piping. Does not
include the hydrogen panel in system GH. Does not include CO, supply for gas wr-
bines or chemical waste treatment systems.

RD Condenser Discharge Chemical Injection

Chemicals such as sodium bisulfate which are used (o dechlorinate the condenser
discharge water.

RM Chemical-Miscellaneous
Chemical storage not specified in other systems.
RN Chemical-Nitrogen Supply

Nitrogen is used primarily for blanketing the waterside of the boiler and sometimes
feedwater heaters during reserve shutdown. It is usually tied into the equipment
vents. Includes tanks, manifolds, regulators, and piping.

RO Chemical-Fuel Oil Treatment

Chemicals which are added to fuel oil in order to induce an effect. Inclodes mag-
nesium oxide day tanks, feed pumps, and piping into fuel oil supply.

RP Chemical-Condensate pH Chemical Injection

Chemicals which are used to neutralize the pH condition of condensate and feed-
water. Includes tanks, pumps, and piping for ammonia and hydrazine injection into

the condensate flow system. Also includes phosphate injection system into the steam
drum. Does not include sodium hypochlorite or chlorine which are in system IR.

RW Chemical-Boiler Wash

Caustic solution used to clean the firesides of the boiler and other equipment sub-
jected to flue gases. Includes soda ash storage tank, mixing and service tanks,
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related pumps, piping up to the sootblower piping (BS), and boiler wash hose con-
nections. Includes any piping that is subjected 1o the boiler wash caustic solution,
even if it can also be used to supply raw water. See system RA for waterside acid
cleaning. The air preheater wash lances are included in system BE.

STEAM

SA  Steam—Auxiliary Piping

All auxiliary steam piping not specified in other systems. Includes desuperheater
supply.

SE Steam-Extraction Piping

Steam extracted from various stages of the superheated steam flow used primarily
as a heat source for feedwater heating, Extraction steam piping begins at the first
field weld at the extraction nozzle (either in the turbine or steam piping) up to the

final field weld at the feedwater heaters. Includes extraction drain lines up to the
condenser. Does not include feedwater heaters (CF and DF) or condenser (JE).

SM  Steam-Main Steam Piping

Main steam piping from the first field weld of the secondary superheater outlet
header to the final field weld before the main steam stop valve at the high pressure
turbine, Inciudes drain piping.

SP Steam-Primary Superheating Section
Primary superheater, including inlet and outlet headers, and piping (o the secondary

superheater section (SQ). Includes any flow control valves, hangers and tube sup-
ports. Includes attemperator and attemperator supply piping.

SQ Steam-Secondary Superheating Section

Secondary superheater, including inlet and outlet headers. Includes flow control
valves, hangers, and tube supports.

SR Steam-Reheat Piping

Hot and cold reheat piping between turbine and reheat superheater. Includes attem-
perator and attemperator supply piping.
SH Steam—Reheat Superheating Section

Reheat superheater, including inlet and outlet headers, hangers, and tube supports,
SX Steam-Auxiliary Boiler

Auxiliary boiler(s), fuel supply, water supply, air supply, exhaust ducting, and
common steam headers,

STEAM TURBINE
TA Steam Turbine-HP and IP Section

Outer and inner casings, all intemal components including HP and IP rotor, blade
rings (diaphragms), stationary impulse diaphragm, balance piston, reheat seal, and
nozzle block and chest. Does not include steam seals (TL). For units with separate
HP and IP sections, use system TA for HP section and system TB for IP section,

TB Steam Turbine-Intermediate Pressure (IP) Section
Outer and inner casings, all internal components including IP rotor, blade rings
(diaphragms), stationary impulse diaphragm, balance piston, reheat seal, and noz-

zle block and chest. Does not include steam seals (TL). For units with combined HP
and IP sections, use system TA.»
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TC Steam Turbine-LP Section

Inner and outer casings and all internal components including LP rotor and blade
rings (diaphragms). Includes multiple LP sections on same unit. Includes any low-
pressure exhaust hood sprays and supply piping. Does not include steam seals (TL).
Does not include the crossover pipe(s) which is listed in system TX.

TF Steam Turbine-Front Standard

Casing, pedestal, thrust bearing and adjuster, main speed governor and Fwerspee_d
governor, and instrumentation board assembly. The shaft driven lube oil pump is
part of system TO.

TH Steamn Turbine-HP and IP Turbine Control

The steam side of the turbine controls. Main steam stop valves and actuaters, gov-
ernor valves, main steam bypass valves, warm-up valves, steam c_hest, piping to
nozzle block, and intercept and reheat valves. Includes any drain lines from these
devices.

Tl  Steam Turbine-Supervisory Instrumentation

Vibration monitors and controls, bearing temperature monitors and controls, cylin-
der expansion monitors, rotor position monitor, eccentricity monitor, speed meni-
tor, various control valve position indicators, steam pressure and temperature
indicators and transmitters, and no-load trip devices,

TJ Steam Turbine-Turbine Controls

Includes electric-hydraulic, digital-electric-hydraulic, and mechanical-hydraulic
controls. Any related hydraulic pumps, piping, coolers, etc.

TL Steam Turbine-Steam Seals

Steam packing exhauster, shaft seals and casings, supply and drain piping up to the
turbine casing, associated desuperheaters, regulator, and controls. Includes steam
seals to any BFP turbines.

TO Steam Turbine-Lubricating Ol

Main and auxiliary pumps, lube oil reservoir, filter tank (bowser), storage tankg.
coolers, and piping. For  unit that shares a common system for generator seal vil
and turbine lube oil, the system is in TO.

TP Steam Turbine-Pedestal

Concrele pedestal, sole plates or pedestal cover, bearings, oil wiptlars and baffles,
and the couplings. For all HP, IP, and LP sections. Includes t!le turning pear assem-
bly which includes the bull, pinion, and reduction gears, turning gear motor, clutch,
lube oil supply, and return piping.

TS Steam Turbine-Structure

Decking, stairs, handrails, enclosures, foundation, and pedesta_ls not otherwise
listed. The turbine building itself would be accounted for in buildings and grounds
(ZB).

TV  Steam Turbine-Vents and Drains  Drain piping_ n.m.i valves from the vari-
ous stages of primary steam turbines to their drain destinations.

TX Steam Turbine~Crossover Pipe

Includes crossover piping leading into the LP trbine. Includes bolting and thrust
protection.
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U GAS TURBINE

UA  Gas Turbine~Accessory Station

Maotor control center, fuel oil pump. Does not include starting moator, which is in
system UR,

UB  Gas Turbine-Bearing and Coupling

Thrust bearing loader and unloader, labyrinth seals, bearings and casings, oil wiper
seal ring, and coupling.

UC  Gas Turbine~Compressor Section

Provides compressed air for fuel atomization and combustion as well as combus-
tion gas cooling. Includes compressor rotor, blade rings, and casings.

UD Gas Turbine-Digital-Electric-Hydraulic Control

Hydraulic pumps, tubing, and DEH controls.

UE Gas Turbine-Exhaust

Exhaust hood, air cone, bearing heat shield, and expansion joint.

UG  Gas Turbine-Generator

Generator section of gas turbine.

UH  Gas Turbine-Housing

Air inlet and exhaust housing, control, accessory, excitation, and gas turbine com-
partment housings,

Ul Gas Turbine~Combustor Section

Combines no. 2 oil with combustion air and ignites the mixture. Includes combus-
tion chamber assemblies, transition ducting, cross-fire tube, fuel manifold and fuel
nozzles, chamber casing, and diffuser case,

UG  Gas Turbine-Lubricating Oil

Provides lubricating oil to all bearings, gears, and control system. Includes oil
reservoir, lube oil pumps, pressure regulators, oil coolers, oil filters, and piping,
UP  Gas Turbine-Protection and Control

Temperature control circuit, fuel control and monitoring, governor and speed con-
trol, sequencer, vibration monitors and trips, overspeed trips, combustible gas
detector, flame detector, relays, relay batteries, etc. Includes “false start” drain
sumps, used for protection to allow fuel drainage in case of an aborted start. Does
not include the DEH controls which are in system JD.

UR  Gas Turbine-Starting

Starting motor, accessory gearbox, and torque converter.
US  Gas Turbine-Supports

Alignment devices and pedestal foundation.

UT Gas Turbine-Turbine Section

Combustion gases expand through the turbine to provide shaft power to tum the
generator and compressor sections, Includes the turbine rotor, nozzle guide vanes
(blade rings), and casings.

UU  Gas Turbine-Tuming Gear

Prevents warping of the turbine rotor by wming it at slow speed while the unit is

cooling down from operation. Includes drive assembly, jaw-type clutch, and wrn-
ing gear motor. '
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UZ Gas Turbine-Atomizing

Air Starting air compressor, cooler, separator, tank, and piping required to provide
atomizing air to the gas turbine fuel nozzles.

VENTILATION

VA Ventilation~Air Conditioning

Includes central systems and window units.

VD Ventilation-Equipment Dry Layup

Includes dehumidification equipment and piping for short- and long-term “cold”
storage.

VM Ventilation-Miscellaneous Vents and Exhausts

Includes any exhaust fans, hoods, etc., not associated with other systems.

VS Ventilation-Steam Heating

Steamn or hot water heating systems used for personnel space heating needs.
WASTE

WF  Waste-Waste Fuel Collection

Waste oil tank and piping to the fuel oil service pump strainers. Piping from the var-
ious burner front collection funnels.

WH Waste—-Water and Boiler Wash Collection

Sumps, sump pumps, drain trenches, including storm drains, and drain piping to
chemical waste treatment system or percolation ponds (WL).

WI Waste-Water Instrumentation

Water quality monitoring equipment at the chemical waste treatment system (WL).
WL Waste-Liquid Waste

Chemical waste treatment system or percolation ponds. Includes the grit bed pump-
ing station as it receives influent from system WH, surge tanks, sludge scttl_ing
ponds, and percolation ponds. Includes any associated clarifiers. Incluc!es the lime
storage bin, rotary lime feeder and slaker, work tank, slurry pump, ra_pld a:]d slow
mix tanks, piping, and controls. Includes the CO, storage tank, refrigeration and
vaporization equipment, piping, and controls. The monitoring wells surrounding a
basin are included in system NW.

WS Waste-Solid Waste Disposal

Fixed systems such as a landfill.

WW Waste-Sewage Treatment

For on-site treatment, includes the sewage collection piping, lift smu'c_ms. discharge
piping, barscreen, aeration tank, blower, settling tank, digester, clarifier tank, and
chlorine and aluminate feed systems. For discharge to thg city sewage system,
includes the sewage collection piping and any pumping stations.

BLANKET ACCOUNTS

Used for plant expense accounting for work that is not equipment specific or oth-
erwise accounted for in another of the equipment systems. These systems are t0 be
used sparingly and are not to be used as an easy substitute for more detailed work
order coding.

YA Blanket Accounts-Operations
Operations-related expenses.

APPENDHX 1 App-J.31

YB Blanket Accounts—Maintenance
Muaintenanice-related expenses.

YC Blanket Accounts-Administration
Miscellaneous administrative expenses as clerical, guarding, and grounds keeping.
YD Blanket Accounts-Engineering
Engineering expenses.

YE Blanket Accounts-Structural
Maintenance of steam structures expenses.

YF Blanket Accounts-Production Equipment
Maintenance of power production equipment.
YG Blanket Accounts—Facilities
Miscellaneous buildings expenses.

YH Blanket Accounts—-Computer

This would include maintenance of mainframe and PC computer networks. Use this
code for time and monies expended on a CMMS.

MISCELLANEOUS
ZB Miscellaneous—Buildings and Grounds

Building structures not otherwise listed in other systems. Also includes items as
roads, parking lots, elevators, lawns, and picnic areas.

ZC Miscellaneous-Turbine Deck Bridge Crane

Entire crane assembly, including the brakes and gears, power wires, track, controls,
and supports. Does not include portable hoists (ME), shop hoists (ZE), or mabile
cranes (MV).

ZE Miscellaneous—Electric Tools and Equipment

Various fixed and portable electric driven tools and equipment. Arc welders, met-
allizing machines, bolt heaters, portable fans and space heaters, hand drills, electric
chainfall hoists, etc.

ZF Miscellaneous—Freeze Protection

Various systems, not otherwise specified, used to protect plant equipment from
freeze damage.

ZH Miscetlaneous-Hydraulic Tools and Equipment

Various fixed and portable hydraulic tools. Includes presses, bending brakes, lifts,
porta-power devices, and wrenches.

ZL Miscellaneous-Laboratory

Laboratory analysis equipment for fuel oil, water, and steam sampling analysis.
Sample points would be listed in the involved sysiem.

ZM  Miscellaneous—Machine Shop Equipment

Drill presses, lathes, milling machines, grinders, etc.

Z0O Miscellaneous—Cther Tools and Equipment

Other tools, usually unpowered, not covered by the other tool systems. Includes
specialized tools for turbines, oil spillage control, and safety. Includes nonproduc-

tion equipment such as ice makers. Measurement tools such as micrometers are also
included.

) Y
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ZP Miscellaneous—Pneumatic Tools and Equipment

Various fixed and portable pneumatic driven tools. Includes sandblasters, spray
paint equipment, impact wrenches, and portable air compressors.

Z5  Miscellaneous-Security

Perimeter fences and gates, guard houses, surveillance cameras, intruder alarm sys-
tems, etc.

ZV  Miscellaneous-Plant Vehicles

Forklifts, mobile cranes, bulldozers and other heavy equipment, plant assigned
cars, trucks and boats, etc.

(Note: An example of using the plant, unit, group, and system codes would be N02-CP
to indicate North Station Unit 2's condensate polishing system.)

Equipment Type

(Note: These codes are useful for analyzing problem areas in the plant. For exarnple, the
plant could segregate work orders and determine how much plant work was being
expended on pumps, equipment type code O1. Planners place these codes on the work
orders during the coding process, but the codes are not part of the equipment component
tag number. Equipment type codes could be included in the equipment number itself, but
the numbering system would be stretched to the limit. Adding the equipment type codes to
the equipment number itself may be beyond the point of diminishing returns, It can become
confusing and frustrating to require a tremendous string of numbers to be manipulated.
Certainly, additional intelligent equipment coding beyond these numbers wouid be diffi-
cult.}

These codes are to be used consistently throughout the various equipment systems. For
any sysiem described, these code numbers will be unique to the equipment described. For
example, 01 means pump regardless of in what system the equipment lies. A pump in the
condensate polishing system would be coded as 01 and a pump in the intake basin would
be coded as 01 for the equipment type code. Certain major pieces of equipment such as the
boiler feed pumps and the steam turbine generators are complex enough to merit their own
Group and System designations. In these cases, major pieces may be given their own major
code numbers, e.g., high-pressure steam turbine inner casing.

Equipment Type Codes

00, General: Intended to represent the system in general. When a specific piece of equip-
ment is involved, this code is not to be used.

0L Pump: Device intended for the movement of liquids. Does not include vacuem
pumps.

02. Compressor and Vacuum Pump: Device intended to change the pressure of the gas
involved. Device should provide a pressure differential greater than 35 psi.

03. Fan and Blower: Device intended to increase the flow volume of the gas involved.
Device should provide a pressure differential less than or equal to 35 psi.

04. Hydraulic Coupling: Fluid drive unit located between a driven object and its driver.
(Simple couplings are considered a part of the driven object.)

05. Gear Set:  Separately cased gear set, reduction gear, or tumning gear located between
a driven object and its driver. (Gear sets integral 1o an object are considered a part of
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that object. Simple couplings are considered a part of the driven object.)
06. Pressure Vessel: A container designed to continuously hold a pressurized fluid.

07. Vented Vessel: A container which is vented so that it does not hold more than static

pressure head of the substance contained. The vent need not necessarily go to the
atmosphere.

08. Heat Exchanger: Includes open and closed types such as tube-and-shell and plate-
type heat exchangers, condensers, and deaerators.

09. Piping or Ducts: Piping which is used for transferring fluid from one point to
another. Includes flexible piping and hose. Insulation, simple hangers, supponts, flange
work, expansion joints, etc., are considered part of the piping or duct to which it is

attached. No distinction is made on operating pressure. Does not include open troughs
(see item 50).

10. Hanger Assembly: Includes large hanger mechanisms as found on the major steam
piping. (Simple hangers are considered a part of the piping under item 09—Piping,)
Control Valve and Actuator:  Includes all vaives with remote actuation (except sole-

noid valves). The valve and its actuator are considered as one itern, regardless of how
attached they are to each other,

13. Solenoid Valve:  Any valve which is solenoid actuated. Includes the solenoid.

14. Manual Valve: A valve which must be manually operated. Includes check vaives,
Includes backflow preventer assemblies. Does not include safety valves.

15. Safety Valve and Others:  Includes safety valves, relief valves, rupture disks, vacuum
breakers. Can also include trip valves.

16. Flow and Restriction Orifices: Includes the orifice plate (Venturi or other), and
upstream and downstream pressure taps.

17. Steam Trap Assembly, Moisture Trap Assembly, Float Trap Assembly: Includes trap,

strainer, isolation valves, bypass valve, drain valve and any test valve. Continuous
drains are listed here.

18, Filter and Strainer.
19. Regulator.

12

H

»

21, Switchgear: Circuit breakers, including the primary disconnects and operator with
auxiliary equipment such as the switch, trip device, solenoid and arc chute assembly.
For voltages of 460 and higher. Smaller voltages are typically considered a part of the
equipment being served, or are listed as part of a distribution panel in systems such as
EB. Breakers such as metal-clad, oil-filled, air blast and air magnetic types are
included.

Eleciric Motor, Single-Phase.

Electric Motor, Three-Phase, under 500 V.,
Electric Motor, Three-Phase, 500 V+.
Electric Motor, dc.

BEBR

X
L

Power and Control:  Cabies, control devices, etc., between the switchgear and elec-
trically driven device, typically a motor.

28. Motor Starter and Contactor: Includes the toggle switch, solencids, relays and
timers,

29, Transformer.
30. Structure: Girderwork, stairs, floors, walls, ceilings, containment walls, etc.
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31. Air Dryer: Includes both refrigerant and desiccant type dryers. Includes the dehu-
midifiers.

33. Motor Control Center: A grouping or combination of motor starters in a single cab-
inet or enclosure. Consists of lead-in cabies, molded case circuit breaker, starter con-
tactor, control transformer, and fuses.

Instrumentation: Al types of instruments including devices used to record informa-
tion automatically on paper and flow meters. Does not include flow orifices, which are
listed as major code 16. Includes rotometers and level indicator vessels,

Auxiliary Driver:  Diesel engine and its accessories such as air starter, fuel pump,
heat exchanger, etc., that drives the emergency fire pump. Also included is the steam
engine that drives the fuel oil transfer pump.

41. Sootblower Assembly: Device used 1o remove accumulated soot and debris from a
heat transfer surface. Typically found in boilers and air preheaters. Can include per-
manent wash lances.

43. Attemperator: Includes the spray head, thermal liner, inlet nozzle, and casing. Does
not include the control valve, which would be coded as 172,

44. Lubricating Assembly.

45. Burner Assembly: Includes oil and natural gas bumers—the nozzle, gun, diffuser,
canes, etc. Does not include the air register, which would be coded as 47,

Generator: Small generators, ac or dc, such as motor-generator sets. Does not
include prime mover generators, which are covered in Group G.

47. Damper or Register Assembly: Device for regulating gas flow, including its driver
and actuator (if applicable).

48, Exhaust Stack, Exhaust Silencers.
49. Traveling Screen Assembly: Does not include the screen wash pump or troughs,
50. Trough, Trench, Ditch, Sump Pit,

51. Air Motor: A rouating pneumatic device used 1o provide power to a driven device
such as a puinp or generator.

52. Gas Ignitor:  Natural gas and propane ignitors.

3

-

35

by

46

-

(Note: Notice that code 12 includes both actuators and their valves and that there is no
code 11. It becarne impractical to classify valves as 11 separate from actuators. It was fre-
quently difficult to tell which was the problem area, the valve or its actuator. Early plan-
ning strategy at this plant was to have the planner be alert to change the code after the job
was completed to have the exact equipment identified. In actual practice, however, it
became apparent that the first equipment number placed on the work order wouid stick and
not be changed. It made life much easier to combine these devices. Later as the planning
system matured and computer “help” was brought in, the computer required that everything
be separate to list the manufacturer with the equipment on a one-1o-one basis. Now it was
easy with a paper file to list two manufacturers and scores of suppliers for any particular

vaive and actuator combination. At this plant, the computer was modified toallow contin-
uation of the existing practice.)

Action Taken

(Note: This section of the work order manual would normally be utilized for Fodes to idcl.l-
tify specific maintenance operations performed. This example plant had a list of 36 basic
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maintenance operations and expected either the planner or technician to select a single code
representing the type of work completed. The practice ran into two problems. First, most
maintenance tasks involved more than a single code. This made it difficult to judge which
code was most appropriate. Second, no one ever used the codes for any type of analysis so

feedback to the persons doing the coding was nonexistent, The plant abandoned using these
type codes.)

Reason, Cause, and Failure

(Nore: This section of the work order manual would normaj ly be utilized for codes to iden-
lify specific reasons or causes of different types of failures. This example plant had a list of
200 basic maintenance operations and expected either the planner or technician to select a
single code for each job. Similar to the gbove section for Action Taken codes, the practice
ran into problems. The primary problem was that the list was so extensive that each tech-
nician generaily selected about ten codes 1o utilize on all jobs. Each technician would have
a different set of ten codes that the technician favored. In addition, no one ever used the
codes for any type of analysis so feedback to the persons doing the coding was nonexistent.
The plant also abandoned using these type codes. These type codes may be more useful
when segregated by equipment type. Caution as expressed in Chap. 8 should be utilized
when these codes are used as templates to define solutions.)

WORK ORDER NUMBERING SYSTEM

(Note: The WO numbering system provides for assigning each separate work order a
unique number to allow keeping the work done under that number separate from other
maintenance work. The work order number armangement at many plants evolves in form
such as its length and inclusion of alphabet characters. Having o record of how the num-
bering system works and has worked is very useful. Keeping this record pays dividends in
the future if there is commitment to keeping it current.)

Current Numbering System

Each WO is numbered with a separate, unique sevén-digit code,

The first digit is the plant code (as defined in the Plant and Unit Codes). The second and
third digits are the last two digits in the calendar year when the WO is originated (e.g.,
“93"). The originator writes in the first three digits (plant and year) when initiating & WO,
The last four digits are made up of one letter followed by three numbers. Each separate WO
is given a unique combination of inst four digits, which may be from A001 to Z999. The
last four digits (unique) of the WO are aiready preprinted on the blank WO forms,

For example, WO number N93G457 is a unique WO number for a work order at North
Station written in 1993,

The WO number is also used for the CMMS system as well as the mainframe system.

Blanket work orders are kept in the mainframe system exclusively. A WO form is
not required for a blanket work order. The Maintenance Department Mainframe System
Administrator assigns blanket work order numbers using the same seven-digit number-
ing sequence as for regular WOs except that the second and third digits are the unit
codes (as defined in the Plant and Unit Codes) and the last four digits are all numbers
from 8000 to 9999. The Mainframe Sys&em Administrator keeps a log to maintain consistent
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blanket numbers among plants and to avoid assigning duplicate blanket numbers for dif-
ferent activities.

For example, blanket WO numbers N009132, S009132, and K009132 are for mainte-
nance planning activities for each plant.

The use of blanket work orders is not encouraged for equipment maintenance. The cre-
ation of a new blanket WO must be authorized by the Assistant Plant Manager.

Previous Numbering Systems

Prior to mid-December, 1993, the first digit (plant) was preprinted on the form and the sec-
ond and third digits were the unit codes (as defined in the Plant and Unit Codes). The orig-
inator wrote in the Unit Code when initiating a WO. (This system was changed to the
current system to allow using the same form at all plants and because there were still too
few available WO numbers.)

Example: WO number NO1G257 would be a uniqgue WO number for a work order on
North Unit 1.

Prior to 1991, the last four digits of regular WOs were 0001 to 7999 and blanket WOs
were 8000 to 9999. (This system was eventually changed because there were too few avail-
able WO numbers,)

Prior to about 1990, each plant had separate WO numbering systems and conventions
such as using NS at the beginning to designate North Station.

Notes

These are general notes for numbering work orders. Using years instead of unit for the sec-
ond two digits will cause a potential conflict with old WOs and blankets in the year 2000
that will need to be addressed eventually. The conflict arises because the year 2000 and unit
common both would use 00.

MANUAL DISTRIBUTION

(Note: The plant should keep a list of who has the manuals so that it can update their doc-
uments. It is also valuable to list actual names along with titles so that all crew supervisors,
managers, engineers, planners, and even compulter support persons can be included in hav-
ing the work order system documentation. Normally this listing is published along with the
manual in this back section. A plant with general access to an internal intranet Web site
should consider discontinuing the maintenance of a hard copy work order system manual
in favor of the more plant-wide access to a Web document. Altemately, a plant with a
CMMS with plant-wide access may have the computer system contain the bulk of the doc-
umentation of the work order system and codes. In either case, this paper document would
be discontinued because of its more limited access and the trouble of keeping it current.)

APPENDIX K

EQUIPMENT SCHEMATICS
AND TAGGING

This appendix sets forth guidelines for equipment identification and tagging which are
essential for setting up the filing system used by planning. Planning uses the equipment
tag numbers in its filing system. Nearly every piece of equipment should be tagged with
a number if maintenance work is ever performed on it. The repetitious nature of main-
tenance work demands that records be kept identifying the circumstances of past work.
The past work cannot be improved upon if records are not kept. Records cannot be kept
if there is no numbering system to allow arrangement of the files or computer records.
It is also not enough to have an equipment number for each item. That number must be
clearly visible on the piece of equipment. With this arrangement, it is possible to utilize
equipment numbers practically to assist finding equipment and keeping records. A plant
might set guidelines if not all equipment is to have an equipment number or tag. All
lines and devices critical to processes should have numbers and tags. It may be permis-
sible to exclude certain drain lines smaller than 2 inches. Appendix ] equipment type
codes recommended giving control valves and their actuators a single number.
Similarly, a plant should seriously consider giving a single number to an entire drive-
train such as a pump, its fluid drive, and its motor. Components internal to other equip-
ment such as boiler tube section inside a furnace may be impractical to tag, but numbers
can be established for files to track different sections of tubes. Valves contained within
the protective structure of a steam turbine might be numbered, but not tagged directly.
A placard may be set near the turbine identifying such concealed valves and their des-
ignated numbers. The numbers might be placed on labels in the control room near
appropriate controls or switches.

The following sections establish practical guidelines that may be used 1o establish
equipment numbers and place appropriate tags on the equipment.

EQUIPMENT TAG NUMBERS

There are several issues necessary to mention when discussing equipment numbers.
Included among these issues are the unigueness of the numbers, the use of intelligent num-
bers, and the use of equipment schematics.

First, equipment numbers must be unique. A number used by one piece of equipment
cannot be used for any other equipment, Because the planners will keep individual records
for each piece of equipment, each number must indicate a single repository for information.
If the plant utilizes existing numbering systems supplied by vendors, it must avoid acci-
dental duplication.
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COMPUTERIZED
MAINTENANCE
MANAGEMENT SYSTEMS

This appendix gives additional information on implementing and utilizing a CMMS (o
assist planning, as referenced in Chap. 8. This information was not included in the main text
to avoid detracting from the book’s overall thrust cf how to do planning.

SAMPLE STREAMLINED CMMS USERS’ GUIDE

This section actually gives an example of how to cut down an inch-thick computer manual
to a few pages of key instructions for non—planning group persons such as plant supervi-
sors, technicians, operators, and managers. (Persons at this plant request work on a paper
work order form which they deliver to the planning department for computer entry and pro-
cessing. This company uses another system for inventory management.)

Basic Steps and Guidelines for Using CMMS

System Notes

1. The following text contains step-by-step instructions for basic use of the computer 1o
Jind information, (Instructions for data input and modification are contained in the
“CMMS Instructions for Planners™ section created for the planning group. Complete
instructions for CMMS use are contained in the CMMS User’s Guide and Tutorial sup-
plied by the vendor,)

Minimum PC requirements to access CMMS from the network: at least 486/33 with 8
megabytes is recommended.

1 3. The CMMS System Administrator at North Plant (Joe Brown, 222-2222) is responsible
for setting system security and personnel rights to each CMMS screen and field.

4. CMMS is unavailable each week for a short period for system backup and adjustment,
Any changes to the normal schedule for this period are published by e-mail.

. Advisements between updates of these guidelines are published normally on e-mail.

N
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To Enter CMMS

i in Wi . (If you are not set up for
1. Log in to the plant network. You are now in Windows. ( RA
V:'Jignc:ows and It‘hc CMMS, contact the CMMS System Administrator for a personal
setup for your computer.)

have mainframe rights, skip to step 3. If you have mainfrm'nc rights, doul:fle-

% Igh?::?cut:: :lztusc onthe RABBITgilc:on for simultanecus loading of the mainframe emulation

for inventory transactions. Hold down the at key and press thf: TAB key to Ilttaye the emu-

lation. (Afier step 4 below you may access and leave the l_nmnframc emulation anytime
from the main menu by holding down the aLT key and pressing the Tas key.)

3. Double-click the mouse on the CMMS icon.

i i i ing the mouse or tab key move
4. You should now have a window titled CMMS Login. Using
ar?mng the fields and type your name (or GUEST) for user and your password (or
GUEST) for password. Click the mouse on the “OK"” button to bring up the CMMS
main men.

i i i base you can access, This
Note: To experiment with the CMMS, there is a test data
scufp does not peaffcct the real databases or records. Contact the CMMS System
Administrator for details.)

To Exit CMMS

i i ing: Cli i —) si the top left cor-
. Close the window with the foliowing: Click on the minus (—) sign on '
' Se[r’i)ef the window, Then click on “Close.” Repeat these two steps for every window that
comes up including the main menu.

i f Windows altogether, click
2. Y now out of the CMMS itself. If you want to get o?t of W 1 :
m? Lt:h?:nr:ninus {—) sign. Then click on “Close.” Click on “Okay for ending the windows
session.

CMMS Notes

1. Each of the following step-by-step guidelines presumes you are already at the main menu.

i i i irnarily relies on your using a mouse. Use
2. The CMMS is designed for Windows and primarily re 1 . :
the mouse (point and click) when moving around and selecting an icon from the main
menu (and later when selecting a field or command from a screen).

3, Click on the window right-hand side down arrow to see the lower half of any screen.
4. Lock your caps on your keyboard.

To Query the Status of Work Orders

This section allows you to find where a2 work order is in the work order flow process.

By Work Order Number

1. Click on the work order icon.

2. You should now have the work order screen. Press the esc key to reset the screen.

3. Type the work order number in the work order number field; then press the ENTER kr;:-
4. You should now have all the fields including the Status field filled in for that work order.
5. Repeat steps 2 to 4 for other work orders.

APPENDIX L App-L.3

By Equipment Number

1. Click on the work order icon.

2. You should now have the work order screen. Press the esc key to reset the screen.

3. Type the equipment component tag aumber complete with all hyphens (~) (e.g.,
NO2-FC-003).

4. Press the enter key, which fills in the work order screen for the first work order with that
equipment number.

5. Continue to press the EnTEr key to bring up each work order with that equipment num-
ber one at a time. Or Click on the “Listing” icon to List all the work orders for that piece
of equipment.

6. Repeat steps 2 to 4 for other equipment.

By System. Repeat the above steps for “By Equipment Number,” but instead of entering
an entire equipment number, enter only the station, unit, group, and system codes followed
by a % (e.g., NO2-FC% for the North 2 fuel oil service pump system). This entry will select
all work orders for that entire system.

By Deficiency Tag Number or Other Associated Document Number. Steps 1, 2, 4, 5,
and 6 are the same as for By Equipment Number. Step 3: Enter the deficiency tag number

(or other document number) surrounded by asterisk signs in the Def/Other Number field
(e.g., *D-56935%).

By Originator or Originating Crew. Steps 1, 2, 4, 5, and 6 are the same as for By
Equipment Number. Step 3: Enter the originator or crew number surrounded by asterisk
signs in the Originator field (e.g., *SMITH* or *4-1%).

By Certain Type of Work Order or by Key Words

1. Click on the work order icon.
2. You should now have the work order screen. Press the esc key to reset the screen,

3. Type all of the information in all of the various fields that you would like the work order(s)
in question to match. For example, if you wanted to consider only PM work orders that
dealt with control valves you would type 7 in the work type field and 12 in the equipment

type code field. (7 is the work type code for preventive maintenance and 12 is the cquip-
ment type code for control valves.)

4. You may also use arithmetic operators when entering data in the field as follows such

as grealer than or less than. For example, »06/01/93 in the Origination Date field would
mean to consider work orders originated after June 1, 1993, only.

You may also use wild cards _ (underscare) for a single character and * (asterisk sign)
for a string of characters. For example, if you wanted to consider only work orders that
had the word “leak™ anywhere in the work order description, you would type *leak® in
the work order description field (the long field next to Work Order #). Another exam-
ple: To consider only work orders assigned to any Operations crew you would type 4*
in the Craft field. (4 is the craft code for Operations.)

6. Click on "Count” to see how many work orders exist matching the field information you
specified.

7. Press the enTer key to scroll through the individual matching work orders. Or You may
also click on the “Listing” icon to list all the selected work orders.
8. Repeat steps 2 through 7 for other queries.

5
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To Query for Equipment Data. Note: Only equipment given a equipment tag number is
included in the database.

Find Equipment Nameplate Data

1. Click on the main menu equipment icon.
2. You should now have the equipment screen. Press the esc key to reset the screen,

3. Type the equipment number (e.g., NO2-FC-003) in the equipment number field (adja-
cent to the word “Equipment”), then press the enTer key.

4. You should now have all the fields including the Other Equip Data field filled in for that
equipment.

5. Repeat steps 2 through 4 for other equipment.
Find Groups, Systems, or Equipment by Scrolling

1. Click on the main menu equipment icon.
2. You should now have the equipment screen. Press the esc key to reset the screen.

i i j L to the word
i ber (e.g., NO2) in the equipment number field (adja(':en t
> Iﬁlﬁﬁ:ﬁf)nﬁn ;rfessg the snTER key. You should now have the unit name filled in
on the screen.

i i Id have a list of all the
i the Level Down icon. After a brief pause, you shou _
* Séril;rﬁlelm groups for that unit. Scroll through the list to find pertinent groups,
5. Select a group by clicking, then click on the Level Down icon to get a list of systems for
that group. ' ‘ ’
6. Select a system by clicking, then click on the Level Down icon to get a list of equipment
for that group.

7. Click on the Level Up icon to move up in level from equipment to systems, systems to
groups, or groups to units.

8. Repeat steps 2 through 7 for other units.

To Print a Copy of Any Screen,
Listing, or Work Order

Click on “File,” then “Print,” then “Screen,” “Listing,” or “Work Order Form.
Reports.  Clicking on the “Reports” icon gives a listing of reports that may be selected and

run. Some of these reports are available now end certain others are being developed for use
by the CMMS System Administrator.

SAMPLE STREAMLINED CMMS PLANNERS'
GUIDE

justa
Here is an example of trimming a thick computer manual from the CMMS vendor to just
few pages of key instructions for the planning group.

_—-ﬁ
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CMMS Instructions for Planners

System Notes

L. The following text contains step-by-step instructions for
and modify information. {Instructions to find informati
Steps and Guidelines for Using CMMS" section

Complete instructions for CMMS use are cont
Guide and Tutorial)

2. Minimum PC requirements to access CMMS from the network: at least 486/33 with 8
megabytes is recommended.

3. The CMMS System Administrator at North Pj
for setting system security and personnel righ

4. CMMS is unavailable each week fora
Any changes to the normal schedule fo

5. Advisemen

basic use of the CMMS to input
on are contained in the “Basic
of the Work Order System Manual,
ained in the vendor-supplied User's

ant (Joe Brown, 222-2222) is responsible
t$ to each CMMS screen and field,

short period for system backup and adjustment,
r this period are published by e-mail.
ts between updates of these guidelines are published normally on e-mail.

To Enter CMMS

L Log in to the plant network. You are now in Windows. (If you are not set up for

Windows and the CMMS, contact the CMMS System Administrator for a personal
setup for your computer.)

e ALT key and press the tas key to leave the emu-
lation. (After step 4 below you may access and leave the mainframe emulation anytime

from the main menu by holding down the avt key and pressing the Tas key.)
3. Double-click the mouse on the CMMS icon,
4. You should now have a window titled CMMS Lo

gin. Using the mouse or tab key move
among the fields and type your name for user and your password. Click the mouse on

the “OK" button to bring up the CMMS main menuq,

(Note: To experiment with the CMMS, there is a test database You can access. This
setup does not affect the real databases or records, Contact the CMMS System
Administrator for details.)

To Exit CMMS

1. Close the window with the following
ner of the window. Then click on “Cl
comes up including the main menu,

2. You are now out of the CMMS itself. If you want to getout of Windows altogether, click

on the minus (-) sign. Then click on “Close.” Click on “Okay” for ending the windows
session.

: Click on the minus (-) sign on the top left cor-
ose.” Repeat these two steps for every window that

CMMS Notes

L. Eachof the following step-by-step guidelines presumes you are elready at the main menu.
2. The CMMS is designed for windows and pri

the mouse (point and “click™) when moving around and selecting an icon from the main
menu (and later when selecting a field or command from a screen),
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S. Enter the technicians® last names and crafts, Enter the actual hours for each technician
3. Click on the window right-hand side down arrow to see the lower half of any screen. and actual job duration. Enter actunl materia] and quantities. Enter actual tools and
4. Lock your Caps on your keyboard. %r.;gn;itiesi limtri:- actual end dat; (ll:isc the daltlc i:tl1 the tecfflmcl;an sign off blank from the
orm). In the action taken field, enter all other job feedback.
To Open Work Orders (by Planning Clerk)

6. Toputthe newly entered information into the database, click on the “Save Record™ icon.
1. Click on the “Work Order” icon. 7. Repeat steps 2 through 6 for each work order {0 be closed,

i “New Record” icon to reset
2 igl; g::::d now have the work order screen. Click on the “New eco To Plan Work Orders (b9 Planner
3. You are now in the Entering mode for entering data. Use the tap key (or mouse) 1o 1. Click on the “Work Order” icon.
move among the fields. (in the adjacent long blank), Include th 2. You should now have the work order screen. Press the sc key to reset the screen.
. rder number and description (in the a ljacent long 5 2 the
! f;:;:?;:v:ar:: at'= lt-hr; beginning of thf work order description; for example, 34002 3. Enter the work order number and press the enTer key. You should now have all the
4A SUMP PUMP PUMP IS CAVITATING.

information for that work order filled into the screen fields.

. ith all hyphens (-): for exam le, NO2-FC-003. I 4, Tabto the mail] menu am! click on the “Plans icon, You should now have the master
> inter lhc ﬂ?ﬂ?ﬁ:ﬁ?ﬁf&m&%ﬁr ;t[i: :ln lhyepwonr.lsc(ozdcr, use thz first six characters plans screen. Find the desired plan and cut and Ppaste necessary information to the cur-
ofe ﬂl:gmpul'til ment coding and the 1 TEM. For example, N02-FC-ITEM designates rent pian into the plans space of the work order screen.. Create a new master plan if one
that lh:q eqtﬂpmem is an item in the system which the planner will later clarify. has not l}een previously recorded for the equipment. The work plar!s should begin with
6. Ifthe database does not accept the record and the screen subtitle says “equipment num- 3103 ;_?;ﬁ'ﬁ':g‘ ““'::‘;C“Ed then have suffix letters as appropriate, e.g., N02-FC-
ber not found,” first check for typographical errors in the entering of the equipment RRE ALE.
number such as the capital letter “O" for the number zero “0" or missing hyphens (-). 5. Enter your last name in the Planner field. Enter the estimated duration, labor hours,
If the CMMS still does not accept the equipment go to step 7. material cost, labor cost, and tool cost. Change and correct all work order information
7. To enter new equipment in the database, tab to the main menu and click on the equip- discovered during planning including equipment number.
ment icon. You should now have the equipment screen. Click on the “New Recorg” 6. Change the status to HOLD-MATL if the work order is waiting on parts (or some spe-
icon to reset the screen and begin the entering mode, Type in the eguipmcnt n'umber cial tool).
and equipment dcscﬁpu£3i2yg; 'E the {ihrsttsm chafa:tcrfl;mﬁ:g:g;%cggx;ifio‘: 7. Enter Y in the Insulation? field if the job requires insulation work.
the level up field (e.g., -FC). Enter the two major eq ract
th: ef]u‘:pm]:nt lyp(c cgode field (¢.g., 18). Enter any location or other information in the 8. Change the status to WSCH when the

planning and obtaining of parts is complete. The

respective fields, Press the “Save record” icon to put this equipment into the databass, Jjob is now waiting to be scheduled. Nore: If the status says CLOSED or CAN, do not

Then close the equipment window pressing the suiFr and 4 keys together and return to

change the status, Stop and inform the Planning Supervisor.
the work order screen and enter the equipment number. 9. Commit all changes 1o the database by clicking on the “Save Record” jcon,
8. Enter the originator (last name plus department and crew, include initial fqr§ comimon 10, Repeat beginning with Step 2 to plan other work orders,
last name, ¢.g., Smith, J. 4-1), origination date (delete system-added date ifincogects 11, The planner continualiy improves the job plans in the master plans module by entering
and deficiency tag number. ) - appropriate feedback from completed jobs before completed work order forms are
9. Enter status (APPR) (put WSCH if the work type is 7). Enter work type, priority, and out- given to the planning clerk for closing.
age code. Enter craft, insulation?, cost center, FERC/account, and SubFERC account,
10. Enter PM week and frequency, if any. To Update Parss Ordering Information
11. To put the newly entered work order into the database, click on the “Save Record” (by Purchaser or Planner)
icon, 1. Click on the work order icon,
12, Repeat steps 2 through 11 for each work order to be entered.

2. You should now have the work order screen. Press the gsc key to reset the screen,

To Close Work Orders (by Planning Clerk) 3. Enter the work order number and press the enter key,

tracking number using * on each side; e.g., *15789+ )
L. Click on the wotk order icon. o 4. You should now have all the information for that work order filled into the screen fields,
2. You should now have the work order screen. P“:"s lh; Bsc :cy lctio rescllmv: ZII thc" | 5. Enter the appropriate changes 1o the materials tracking number field and the ma|
3. Enter the work order number and press the enter key. You should now infor ordered/received field, Alw
mation for that work order filled into the screen fields.

ays-put the date ordered next to the tracking number,

) ; 6. Change the status to HOLD-MATL or WSCH as appropriate. Note: If the statys says

4. Change the status to CLOSE (or CAN for canceled OF,V*;IC'“' ﬂ“]’“';‘l °"'Fn’)' é\:.m Li f,l,‘f CLOSE or CAN, do not change the status. Stop and infoom ths Planning Supervisor.
status says HOLD, do not change the status, Stop and inform the Planni g SUpervis i
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7. Commit all changes to the database by clicking on the “Save Record” icon.

8. Repeat steps 2 through 7 to update other work orders.

SAMPLE PLANT-WIDE TRAINING OUTLINE FOR
CMMS

I. Purpose and goals of CMMS and course
I1. Plant work order manual
A. Work order form
B. Codes and conventions
C. CMMS documentation
IMI. CMMS screens
A. Locating and selecting fields
B. Data entry practice for queries
C. (Any special commands not yet in CMMS documentation)
IV. Computer work
A. Login to CMMS
B. Queries practice exercises—find and print
C. Free practice time
V. Test
VI. Course evaluation

SAMPLE MILESTONE SCHEDULE
FOR IMPLEMENTING A CMMS
IN PHASES

This sample schedule shows how a CMMS might be gradually implemented for a mainte-
nance group.

o

« Year 1, quarter 1: Complete purchase of system
2. Year 1, quarter 2: Upgrade and add minimum hardware
3. Year 1, quarier 2: Schedule future users and computer upgrades
4. Year 1, quarter 2: Set initial signature authorities
5. Year 1, quarter 2: Begin system backup and security copies
6. Year 1, quarter 3: Implement inventory module
7. Year 1, quarter 3: Ability to check part breakdowns for equipment
8. Year 1, quarter 3: Provide vendor contact information
9. Year 1, quarter 4: Ability to search WO status
10. Year 1, quarter 4: Ability to track estimated cost and hours on planned WOs
11. Year 1, quarter 4: Ability to print search resulis
12. Year 2, quarter 1: Automatic generation of PMs
13. Year 2, quarter 1: Ability to check equipment nameplate data
14. Year 2, quarter 2: Ability to check equipment technical data

APPENDIX L App-L.9

15, Year 2, quarter 3: Use planning module

16. Year 2, quarter 4: Provide assistance with hold tags

17, Year 2, quarter 4: Originate WOs via terminals

18, Year 2, quarter 4: Provide service contract warrantee information

19. Year 3, quarter 1: Ability to track actual cost and hours as reported on WOs
20. Year 3, quarter 2: Automatically schedule work

21. Year 3, quarter 3: Coordination of labor module with timesheet system

22. Year 3, quarter 3: Ability to track actual cost and hours with timesheet information
23. Future: Integrate tool module

24. Future?: Coordinate with PAM

25. Future?: Use condition monitoring

26. Future: Use purchasing module

27. Future; Have technicians give feedback via terminals

28. Future?: Add past history of previous years before CMMS into database
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Do we insist on job feedback? Can planners easily show examples of some technician feed-
back that was put into the files? Would a technician in the middie of the night be able to
find equipment information? Do we assure technicians that planning is not intending to use
their feedback to develop plans so that contractors can replace the technicians?)

7. Do the pieces of equipment in the field have labels in place showing their equipment
numbers? (Do the files use the same number? Does the equipment numbering system make
sense? Is the equipment tagging group supporting the planners needs? Are equipment tags
being placed in order of higher maintenance systems first? Do equipment tags look neat?
Is the tagging group responsive to the planning group’s suggestions?)

8. Are the planners planning all the work? {Are we trying to avoid detailed job proce-
dures? Do we realize that a scope from an accomplished technician that gives craft skill and
hour estimates is an advantage over the original work request? Do we know we do not need
O&M manuals on every job? Do the planners ultimately trust their instincts for determin-
ing time estimates? Do planners avoid estimating most jobs by the shift arrangement such
as estimating 4 or 8 hours just because the work shift is 8 hours? Do we know that planning
should not slow down the start of work on reactive jobs?)

9. Do we schedule for an entire week for each crew? (Are we willing to have the crews
follow an advance allocation of work for a week? Does the 1-week schedule account for
every available crew hour? Do we insist on proper use of the priority system? Do we sup-
port weekly and daily scheduling by not holding special meetings or events with less than
2 week's notice? Do supervisors assign work orders using the hours estimated by the plan-
ners? Is the percentage of labor hours spent on reactive work becoming less? Are we com-
pleting more proactive work orders than previously?)

10, Are we doing any staging of parts or tools? (Should we consider staging parts? Are
there no parts currently staged for jobs that have already been completed? Does the right
person stage the parts?)

11. How do we utilize the computer system? (Do we know that a computer system is
not necessarily planning? Do we understand the proper role of a CMMS and how much it
should help? Do we know a computer will not compensate for a poor maintenance process?
Does the computer system do a daily backup of its records?)

12, Are we avoiding trying to obtain more out of planning than is there by itself? (Do
we have a good work order system? Are technicians doing aill work through work orders?
Are we avoiding blanket work orders? Do we have clear guidelines on how to write work
orders? Is there a standard work order form at each location? Does the work order form col-
lect cost? Do the supervisors spend more time in the field coaching than in the office doing
desk work? Are shops and tools useful for completing work? Is the storeroom service sat-
isfactory for both having parts and allowing quick retrieval? Are unused items easily
returned to the storeroom? Is the percentage of our work on PM measured? Is a majority of
nll work orders initiated during PMs? Are PMs oriented toward inspections? Do techni-
cians write up work orders to correct other deficiencies when performing preventive main-
tenance? Are more work orders written by maintenance personnel than operations
personnel? Are preventive maintenance jobs planned and scheduled? Is the feedback from
preventive maintenance jobs reviewed? Does the computer cancel PMs if the crew does not
complete them before the next ones are issued? Does PdM use the same equipment num-
bers as the planners? Is any PdM information going into the planning files? Is the percent-
age of our work on project work to improve equipment measured? Do we look for root
causes after any failures? Has the maintenance group set up any equipment standards for
the corparate project group to follow?)

13. Is planning “working”?

GLOSSARY

aging Automatically increasing the priority or attention given to an incomplete work
order the older it becomes. The concept of aging is that an older work order should get
higher attention than a similar work order only recently written. This practice may help a
crew w'!th low productivity, but hinder & crew with already high productivity. The former
crew might increase its productivity to include the aged work order. The latter crew might
hnwlac to rgmp a more serious work order to accommodate the aged, though less important,
work order.

backlog Amount of identified work on work orders either by number of work orders or
work hours,

blankets or blanket work orders Standing work orders not specifying specific work
but allowing the collection of work hours for time accounting.

book hours Standard houts by which maintenance personnel might be paid regardless
of actual hours spent.

clegring equip!-nent or systems Tagging or locking out the necessary valves or
devices surrounding equipment to be worked on so that the equipment is safe. Also may
involve draining or otherwise making equipment ready to be maintained,

CMMS  Computerized maintenance management system.

component level file A file made for a specific piece of equipment rather than for a

systefnl'l or group of equipment. Also called a minifile to emphasize its size relative to a sys-
tem file.

confined space An area with limited access and potential respiratory hazard requiring
a special permit to enter.

corrective maintenance Work to restore an equipment to proper operating condition
before failure or breakdown occurs.

CPM (Critical Path Method) A schedule technique allowing determination of the

overall time of a large maintenance by arranging and sequencing tasks with preceding and
succeeding events.

t!oﬁciency tag Aninformation tag hung by the requester of maintenance work to iden-
tify the equipment.

equivalont availability Equivalent availability factor (EAF). EAF is a common
utility performance measure of how much generating capacity is actually available over
a given period for producing power. When a unit is only available (whether it is running
or not) for less than full load, the equivalent amount of its full load availability is
counted. For example, a unit having boiler feedwater pump problems and only available
for half-load for the entire month ‘would have an equivalent availability of 50%.

G.1
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ikewi it available for full load the entire month of 30 days except for a full out-
{;glt"i‘:;;:‘gat::;c of those days would have an c_quivalent availability of 90%. :I‘l;:_equ:}\:;
alent availability of an entire plant site or utility }voyld be calculated by t\;felg mgccm
units by megawatt capacity. Equivalent nva:lfiblllty is normally exprc.rar,; Oas a per
such as 90%, although technically the factor itself would be shown as 0.90.

extensive maintenance Maintenance that takes more than a few hours and may have
historically significant data.

equipment file, equipmaent history file Sce component level file,

front end loading Spending time and resources ensuripg that equipment will be suit-
able for maintenance before the equipment is purchased or installed.

GPM  Gallons per minute.

I&C Instrument and controls craft.

¥ i i after initial installation
'ant mortal The failure of a component or equipment soon . '
::'fafter a maint::ance operation. There is a higher percentage qhancc .l.hat equipment will
need repair at these times than during the remainder of its time in service,

insource Using in-house resources to obtain & service or material. Making equipment or
components with in-house labor.

job tool card A record kept by a tool room to keep track of tools issued to jobs rather
than individual technicians.

metrics Indicators or measures of maintenance performance,

minifile See component level file.

minimum maintenance Maintenance work requiring less than a few hours and not
historically significant.

MSDS Material Safety Data Sheet describing dangers and safety procedures for a spe-
cific hazardous substance.

i ing the trend of average
BF {mean time between failure} A calculation showing the f e
tninn.:; pcr[iods between failures of the same equipment over time or showing the t-xmc.pcl:‘nas
ods between failure of different equipment. For example, “The MTBF of the circuit
improved from three weeks to over Iwo months.”

i i ided by the equipment manu-
O&M manuals Operation and maintenance maqunls provid t
facturers or suppliers giving basic details on operation and maintenance of the !:qulpn?;:‘t.
They usually included suggested preventive mainienance tasks, troubleshooting guides,
and identification of parts and special tools.

OEM Original Equipment Manufacturer.

i i i the only training un employee
JT {on-the-job training} Many times either the best or Y
roccei\fes is whiL actually doing the job either alone or under the eye of an experienced co-
worker.

operations, production The plant personnel responsible for operating the plant
equipment and systems.

operations coordinator A specific person in the operations group specifically tasked
to help maintenance planners.

originator A person that writes a work order or other request for maintenance work.

GLOSSARY G.3

outage A condition of being out of service and unavailable for operation. Refers to the
condition of the entire plant unit, not the individyal piece of equipment.

overhaul Normally a major outage requiring a significant amount of time and planning,

pieca workers, piece work An amangement where technicians receive pay based on
how many units are produced,

pigeon-holing Estimating a job’s time requirements by referring to a table or index of
similar jobs and making adjustments for particular job differences.

planner, maintenance planner The person responsible for preparing work orders for
execution through applying the principles of maintenance planning.

planning, maintenance planning The preparatory work to make work orders ready
to execute. This term may involve scheduling depending on how it is used.

planned job, planned work, job plan  The product of the planner including all the
preparatory work done.

planner active file A planner may keep the original work order in an active file and
take a copy into the field for scoping purposes,

PM optimization A similar process to RCM to develop preventive maintenance tasks

and frequencies to reduce likely failure modes. Makes significant use of existing PMs as a
starting point.

point of diminishing returns The point where an additional action or task provides a
benefit, but the benefit would not outweigh the cost of the additional action or task,

predictive maintenance The use of technologically sophisticated devices as vibration
trend analysis to predict future impending equipment problems.

preventive maintenance Time- or interval-based maintenance designed to head off
or detect equipment problems,

proactive maintenance Maintenance performed to head off failure and breakdown.

product life cycle The economic curves showing profitability of any given product
for sale. Initially profit is low as the product is developed. Next, profit increases as sales
increase. Then profit begins to drop as market substitute products and other competition
become common. The company may attempt to modify the product and willingly take
some drop in profit before the effect of market forces. This modified product eventually
achieves greater profitability than possible from the initial product. An analogy can be
made to playing tennis. One can become a fairly good player without using correct tech-
niques. But when the player decides to adopl correct grips, stances, and other techniques,
the player’s ability will first drop as the new skills are learned. However, the player should
be abie eventually to rise above the old level of ability.

project work, project maintenance Modifying or improving a piece of equipment
or system,

RCM ({reliability centered maintenance} A process or system to evaluate equip-

ment and develop preventive maintenance tasks and frequencies to reduce likely failure
modes.

reactive maintenance Maintenance work performed as a response to a failure, break-
down, or other urgent equipment situat.it‘m.
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ENSURE PR[IDUBTIWH‘ FU[STING STANDARDS
IN ANY ORGANIZATION—WITH THE FIRST HOW-TO
MAINTENANCE PLANNING GUIDE |

Talk to any maintenance manager or plant
manager, and they can tell you that plan.
mieg and scheduling is critical to effectve
martenance. Yet how many of them can
name & ready-to-use, nuts-and-bolts guide
that goes beyond theory, demceastratng
how planning fits into maintenance, what
principles make it work, and exactly how

planning is done?

The Maintenance Planning and

 Scheduling Handbook indudes:

* The 6 principles of planning
* The 6 prindiples of scheduling

* Extensive example work scenarios
that Mestrate each of these prindiples

* Strategies for increasing your work-

The Maintenance Planning and Schedufing - ihout hiring—y hewd ‘
Hondbook is the one-and-only resowrce that sores

covers ol this, and more.

Defining “planning” as the preparatory work
given to individual maintenance work
orders bedore assigning them to specific
craft persons, this never-befoee-available
resource explains how work order planning
leads to increased crew productivity—-and
greater overall effectiveness in just about
aryy ared of an organization’s mamtenance.

ing a new maintenance planning
group or redirecting an existing one

- ® A highly useful procedure for

conducting an in-house
productivity study

* Appendires that summarire key
concepts, Identity suppliers, show
complete example work studies and
planned work orders, and provide
other valuable reference sources
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McGraw-Hill

A Divpson of The MeGowe ) Nl Compomes

ISBN 0-07-0%82%4-0

JUTAURRY

572 Vit us on the Word Wide Web at
www books mcxraw-hillcom
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X0918005P
WWetenancs Plannng ond SchedAng Handbook
Used, Like New
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