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Work Order Problems

In the United States, fever than one-third of the maintenance organi-
zations are satisfied with their work order performance. Why is the sat-
isfaction rate so low? Below are the common reasons for poor work
order, planning, and scheduling satisfaction:

Low PM Program Indicators

Although it may seem unlikely, the poor performance of the preven-
tive maintenance program is the leading cause of a poor work order sys-
tem. Strong preventive maintenance programs reduce the amount of
reactive maintenance activities to a level that allows the work order sys-
tem to function. Unless the majority of the maintenance work can be
requested in a proactive mode, the work order system will be ineffec-
tive. The proactive organization can take the time to properly utilize the
work order, filling in the detail necessary to make the work order usable
for later analysis. A work order that says “It’s broke, fix it” and comes
back with the information “I did and it took two hours” has little if any
usable data on it for root cause failure analysis. The preventive mainte-
nance program must reduce the amount of reactive maintenance to less
than 20% of all activities before any work order system or planning and
scheduling system can be truly effective.

Low Inventory and Procurement Indicators

This cause of work order problems is closely related to the previous
one. Unless the inventory and procurement system is functioning cor-
rectly (95% or higher service level), the maintenance plan will not be
successful. It does little good to plan and schedule a job if, when it
comes time to perform, the materials are not available, out of stock, or
not even ordered. Unless the inventory and procurement functions are
working at a satisfactory level, the work order, planning, and schedul-
ing function will be perceived to be ineffective.

Poor Planning Disciplines
If the planning disciplines are not effective, the work order system
will not be effective. For example, if the planner constantly underesti-
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mates the labor resources to perform work, then the schedule is inaccu-
rate and the overall organizational perception is that the maintenance
work order system is not working. If the planner underestimates the
materials required to perform work, then the work will always experi-
ence delays and the craft technicians will become frustrated. This leads
to a lack of trust in the planner and, ulumately, failure of the planning
and scheduling system. Planners should always receive adequate train-
ing and have refresher training as needed to remain effective.

Incomplete Work Order Utilization

This problem results from the lack of organizational acceptance and
then the discipline to fully utilize the work order system. All parts of an
organization must be disciplined to use the work order system to
request, plan, schedule, and complete maintenance work. Unless full
commitment is in place, the work order is only partially utilized by the
organization, viewed as something that only the maintenance depart-
ment uses. Ultimately the system will be used as a work log book and
little else.

Incomplete Data Recorded

The incomplete recording of maintenance data typically stems from
a failure to understand the value of that data. If the data is not valued,
then the time and resources required to collect all of the data necessary
to calculate mean time between failure, mean time to repair, and life
cycle costing will not be allocated. This will suboptimize the effective-
ness of the work order system and lead to the ultimate failure of the pro-
gram. Education related to the value of maintenance and equipment his-
tory data is required at all levels of the organization.

Poor Organizational Acceptance

Even if the data is collected and the work order system is fully uti-
lized, the data must be used to make technical and financial decisions
about the equipment and facility. If not, then support for both the work
order system and the planning, and scheduling system dwindles and falls
into partial or incomplete usage, leading to failure of the entire system.
The organization must value the technical data and blend it with finan-
cial information to make value-based decisions.



74 Developing Performance Indicators for Managing Maintenance

Poor Scheduling Practices

The lack of organizational discipline to adhere to the schedule is
based on several factors. First, the schedule may not be accurate due to
poor estimating, poor stores, or an overall reactive organization.
Individuals then take matters into their own hands and have the work
performed that they feel is important. This practice leads to confusion
and, ultimately, a failure of the scheduling discipline. Another factor is
the autonomy that many supervisors (both maintenance and operations)
feel they have when it comes to work control. If they arbitrarily change
work schedules that have previously been accepted, the organization
develops a reactive mentality. Overall productivity falls, and the sched-
uling practice fails. There must be commitment to the schedule at all
levels in the organization for it to be successful.

Insufficient Staff To Record Data

The current trend of downsizing organizations has led to insufficent
staff to record data. Since the staff reductions are often made by people
who have few technical skills and too limited an understanding of the
technical requirements of their organization, many of the reductions
happen in the maintenance and engineering groups. The technical staff
is reduced to the point that it doesn’t have the resources to collect the
data, much less analyze it. Thus, many of the cost benefits of a compe-
tent technical component of an organization go unrealized. In turn, the
overall competitiveness of a company is reduced. In the long term, the
company may not be a viable business. Proper appreciation of the cost
benefits delivered by the maintenance and engineering groups must be
developed in all organizations. That appreciation begins with education.

Chapter é
Computerized Maintenance
Management Systems

The Computerized Maintenance Management System (CMMS) is,
in reality, nothing more than a computerized version of a maintenance
information system. In fact, anything that can be done with a CMMS
can be done with a manual system. In theory, though the CMMS should
make it faster and easier to collect data and then manipulate it into a
meaningful report format.

The following flow chart highlights the basic components of a
CMMS.

PREDICTIVE

MAINTENANCE EQUIPMENT HISTORY

PREVENTIVE WORK
MAINTENANCE ORDER CONTRACTOR
I |
LABOR STORES REBUILDS

PURCHASING
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The work order is the key feature of the system. It collects all of the
labor data, the materials data, the contractor data, and the preventive
maintenance data that is written against a piece of equipment (or a facil-
ity, a building, floor, or room locator). The information collected is then
stored in a database called the equipment history. It is here that all of the
data is drawn to produce all of the reports needed by the organization to
manage the equipment or assets.

However, a study conducted by Engineer’s Digest in 1992 high-
lighted a problem. The majority of organizations owning and using a
CMMS only used approximately 50% to 60% of it. The question now
is: What parts of the CMMS can you not use, without compromising the
integrity of the data in the equipment history database? For example:

If you don’t record labor data, is the cost history accurate?

If you don’t record material data, is the cost history accurate?
Can you perform life cycle costing?

Can you calculate the MTBF?

Can you calculate the MTTR?

The answer is, of course, no. The CMMS must be used fully if any
usable data is to be collected. The following indicators should be uti-
lized to insure tull and accurate data collection.

1. MAINTENANCE LABOR COSTS RECORDED IN CMMS
This indicator compares the maintenance labor costs captured in the
CMMS to the maintenance labor costs captured in the accounting sys-
tem. If the CMMS is part of or integrated to an Enterprise Resource
Planning system (ERP), then the reconciliation is not optional; the costs
must match. This indicator insures that all labor costs are being record-

ed correctly.
Total Maintenance Labor Costs in CMMS*

Total Maintenance Labor Costs from Accounting

This indicator is derived by taking the maintenance costs recorded in
the CMMS and dividing by the maintenance labor costs in the account-
ing system. The resulting percentage is the degree of accuracy the labor
data has in the CMMS. If the percentage is above 100%, then somehow
the maintenance department is overbilling for its services. If the per-
centage is below 100%, then the maintenance department is not record-
ing all of its labor activities.
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Strengths
This indicator is mandatory for any company striving to insure
complete accuracy of its maintenance labor charges.

Weaknesses
The weakness of this indicator is that sometimes it forces a mainte-
nance organization to try to balance the numbers. At times, the orga-
nization may open a standing or blanket work order as a quick fix
to try to cover the differences in the systems. This action should not
be taken. The real issue is that somewhere the labor data is not being
recorded accurately. The errors should be traced and corrected.

2. MAINTENANCE MATERIAL COSTS RECORDED IN CMMS
This indicator, similar to the previous one, compares the mainte-
nance material costs captured in the CMMS to the maintenance materi-
al costs captured in the accounting system. If the CMMS is part of or
integrated to an ERP or even a general ledger system, then the reconcil-
iation is not optional; the costs must match. This indicator insures that
all material costs are being recorded correctly.

Total Maintenance Material Costs in CMMS~
Total Maintenance Material Costs from Accounting

This indicator is derived by taking the maintenance material costs
recorded in the CMMS and dividing that figure by the maintenance
material costs in the accounting system. The resulting percentage is the
degree of accuracy the material cost data has in the CMMS. If the per-
centage is above 100%, then somehow the maintenance department is
overbilling for spare parts. If the percentage is below 100%, then the
maintenance department is not recording all of its spare part transac-
tions and costs.

Strengths
This indicator is mandatory for any company striving to insure
complete accuracy of its maintenance material charges.
Weaknesses
The weakness of this indicator is that sometimes it forces a mainte-
nance organization to try to balance the numbers, often by opening
standing or blanket work orders as a quick fix. This action should
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not be taken. Somewhere the spare parts data is not being recorded
accurately. The errors should be traced and corrected.

3. MAINTENANCE CONTRACTING COSTS RECORDED IN CMMS

This indicator is similar to the previous two. It compares the main-
tenance contractor costs captured in the CMMS to the maintenance con-
tractor costs captured in the accounting system. If the CMMS is part of
or integrated to an ERP or even a general ledger system, then the rec-
onciliation is not optional; the costs must match. This indicator insures
that all contractor costs are being recorded correctly. Many organiza-
tions do not acccurately record contractor costs to specific equipment
items. This is an area of concern, especially if a company uses a high
proportion of outside contractors. In some companies, because contrac-
tors are paid from a different account, the maintenance department
never even sees the actual costs. This issue may need attention in many
companies.

Total Maintenance Contracting Costs in CMMS
Total Maintenance Contracting Costs from Accounting

This indicator is derived by taking the maintenance contractor Costs
recorded in the CMMS and dividing by the maintenance contractor
costs in the accounting system. The resulting percentage is the degree of
accuracy the contractor cost data has in the CMMS. If the percentage i3
above 100%, then somehow the contractor costs are excessive. If the
percentage is below 100%. then the maintenance department is not
recording all of the contractor costs.

Strengths
This indicator is mandatory for any company striving to insure
complete accuracy of its maintenance contractor charges.
Weaknesses
As with the previous indicators, this indicator sometimes forces a
maintenance organization to try to balance the numbers. Instead,
errors should be traced and corrected.
[n addition, not all CMMS (or ERP) systems accurately track con-
tractor costs. In some systems, entries must be manually posted. If
a company utilizes many outside contract services, a CMMS that
supports this function should be selected and implemented to
insure accurate data collection.

items in the plant are covered by the CMM@$=ngng implementation of
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4, EQUIPMENT COVERAGE BY CMMS

This indicator examines how many of the equipment items that are
in the plant are also covered by the CMMS equipment history. During
implementation of a CMMS, many companies take a short cut and only
enter critical equipment into the CMMS. This shortcut leaves second-
and third-tier equipment without CMMS coverage. The costs that
should be charged against this level of equipment are instead charged to
a standing or blanket work order. The intormation is virtually unusable
for data analysis, equipment troubleshooting, or life cycle costing.
Eventually all equipment, even if it is at a system level, must be entered
into the CMMS.

Total Number of Equipment ltems in CMMS”
Total Number of Equipment ltems in the Plant

This indicator is derived by taking the total number of equipment
items entered into the CMMS and dividing by the total number of iden-
tified equipment items in the plant or facility. Some equipment systems
are broken down to the component level. Others (especially non-critical
units) can be left at the system level. This choice allows for data collec-
tion against the equipment item without making the process too detailed.
The alternative of not collecting any data is unacceptable.

Strengths
This indicator is mandatory for any company striving to insure
complete accuracy of the maintenance data. It is a valuable tool for
insuring complete equipment coverage.

Weaknesses
The weakness of this indicator is that sometimes it forces a main-
tenance organization to try to balance the numbers, often by open-
ing standing or blanket work orders as a quick fix. This should not
be done. The real issue is that the proper time and resources must
be devoted to CMMS implementation. If the data in the CMMS is
to be accurate, then all equipment items must be included, even if
noncritical items are at the system level.

5. Stores COveRAGE BY CMMS
This indicator examines the extent that inventory and spare parts
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a CMMS, many companies take a shortcut and only enter critical or
major spare parts into the CMMS. This leaves the majority of stores
items (usually over 50%) without CMMS coverage. The costs for these
spare parts are difficult to reconcile, so these items are charged to s'tand—
ing or blanket purchase orders. The information is virtually unavailable
for data analysis, equipment troubleshooting, or life cycle costing.
Eventually all spare parts must be entered into the CMMS.

Total Number of Part ltems in CMMS™*
Total Number of Part ltems in the Plant

This indicator is derived by taking the total number of spare parts
(also called stores line items) entered into the CMMS and dividing by
the total number of identified spare parts in the plant or facility. While
this information may be difficult to derive, it is usually available from
the procurement department.

Strengths N ‘
This indicator is mandatory for any company striving to insure
complete accuracy of the inventory and procurement data and
being able to charge the parts cost to the appropriate equipment
history. 1t is a valuable tool for insuring complete cost accuracy.

Weaknesses ‘
The weakness of this indicator is that sometimes it forces a main-
tenance organization to try to fabricate information. In many cases,
the part number is unknown or parts are bought directly from ven-
dors. In other cases, the information about a part, its cost, and the
vendor is never recorded. These cases makes accurate data tracking
impossible. They also lengthen procurement times, since the next
time the part is required, someone will have to look up all of the
ordering information. Tracking all of the spare parts through the
CMMS can help shorten the lead times for procurement.

6. PM CoverAGE BY CMMS
This indicator examines the level of preventive maintenance cover-
age in the CMMS. By examining the total number of equipment items
and comparing it to the average number of preventive maintenance tasks
for an equipment item, a theoretical goal can be derived. Comparing the
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actual number of preventive maintenance tasks to this goal, one can get
an approximation of the level of coverage. A piece of equipment may
have the following tasks intervals: daily, weekl y. monthly, quarterly,
semiannual, annual, and others.

Few, if any, equipment items will have all of these tasks. But what if
they each had on average three tasks? Then the number of equipment
items multiplied times three would be the theoretical number of pre-
ventive maintenance tasks for the plant or facility. In reality, most com-
panies don’t put this level of detail into their preventive maintenance
programs.

Total Number of Preventive Maintenance Tasks *
Total Number of Equipment ltems in the Plant x 2

This indicator is derived by dividing the total number of preventive
maintenance tasks identified in the CMMS by the total number of the
equipment items in the CMMS multiplied by three. The goal is 100%
This indicator provides a theoretical check, but over fifteen years or
usage has shown it to be fairly accurate.

Strengths
This indicator is essential for any company striving to insure that
the preventive maintenance program completely covers the equip-
ment entered into the CMMS.

Weaknesses
This indicator is just an average guideline. Even though time has
proven it to be accurate, some companies will fewer than three pre-
ventive maintenance tasks per equipment item. Others will aver-
age more. This indicator should never be used as a performance
indicator, but only as a suggested guideline.

7. MAINTENANCE INFORMATION RECORDED AT THE EQUIPMENT LEVEL

This indicator examines the amount of cost information that is
recorded at the equipment level compared to untracked or unspecified
cost information. This indicator is useful for discovering how much of
the maintenance cost cannot be traced to a specific equipment item for
data analysis, equipment troubleshooting, or life cycle costing.
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Total Maintenance Costs Charged to Individual Equipment ftems®
Total Maintenance Costs from Accounting

This indicator is derived by taking the total maintenance costs
charged against an individual equipment item and dividing by the total
maintenance costs from accounting. The resulting percentage represents
the costs that are traceable to equipment items. The other costs are most
likely charged to a standing or blanket work order or else go unrecorded.

Strengths . .
This indicator 1s mandatory for any company striving to insure
complete accuracy of maintenance cost tracking.

Weaknesses
The weakness for this indicator is that sometimes it forces a main-
tenance organization to try to fabricate information. The organiza-
tion may charge equipment costs that were not actually incurred,
trying to account for all the costs and make the indicator look good.

8. SUPERVISORY OR COACHING STAFFING RATIOS
This indicator monitors the span of control for a front-line mainte-
nance supervisor. In a traditional organization, the proper ratio is one
supervisor for every eight to twelve maintenance technicians. Some orga-
nizations have tried to extend the ratio, but efforts usually result in wast-
ed labor productivity that incurs greater cost than the original savings.

Number of Maintenance Employees or Full-Time Equivalents *
Number of Supervisors or Coaches

This indicator is derived by taking the total number of maintenance
employees or full-time equivalents and dividing by the number of main-
tenance supervisors. The ratio should range from 8:1 to 12:1. Any ratio
over 12:1 results in ineffective supervision. If the ratio is less than 8:1,
there is not sufficient work to justify the supervisor. The exception to
this goal comes when the total number of maintenance employees is less
than 8:1. Then the maintenance supervisor may still be required.
Strengths

This indicator is mandatory for any company striving to insure
proper supervisory levels for the maintenance organization.
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Weaknesses

The weakness for this indicator is that organizations try o de-
emphasize the span of control of its supervisors and coaches by
hiding under the concept of empowerment. The typical organiza-
tion using this excuse has little understanding of what the | legal
requirements under the National Labor Relations Act and OSHA
regulations actually involve. If these requirements are clearly
understood, many companies could save themselves OSHA fines
and civil lawsuits.

9. PLANNER RaTiOS
This indicator is used to monitor the span of control for a mainte-
nance planner. In a traditional organization, the proper ratio is one plan-
ner for every fifteen to twenty maintenance technicians. Some organi-
zations have tried to extend the ratio, but efforts usually result in wast-
ed labor productivity that incurs greater cost than the savings from elim-
ination of a planner’s position.

Number of Maintenance Employees or Full-Time Equivalents
Number of Planners

This indicator is derived by taking the total number of maintenance
employees or full-time equivalents and dividing by the number of main-
tenance planners. The ratio should range from 15:1 to 20:1. Any ratio
over 20:1 results in ineffective planning. If the number is less than 15: R
there is not sufficient work to justify the planner full time. The excep-
tion to this goal comes when the total number of maintenance employ-
ees range from 8 to 15. Then the maintenance planner may still be
required.

Strengths
This indicator is mandatory for any company striving to insure
proper levels of planning and scheduling for the maintenance orga-
nization.

Weaknesses
The weakness for this indicator is that organizations try to de-
emphasize the span of control of the planners by hiding under the
concept of empowerment. The typical organization using this
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excuse has little understanding of what impact planning has on
labor productivity. In organizations without planners, the hands-on
or wrench time is low. When the work is planned, the wrench time
is higher. Imagine a NASCAR pit crew working effectively with-
out planning. The pit stop would be in minutes, not seconds.
Planners have a similar impact on maintenance labor productivity
and equipment uptime.

10. MAINTENANCE SUPPORT TO DIRECT MAINTENANCE COSTS

This indicator is used to monitor the support personnel required for
the maintenance hourly technicians. In a traditional organization, the
proper ratio is one support person for every three to five hourly mainte-
nance technicians, Some organizations have been able to extend the
ratio by applying easy-to-use CMMS for data collection and analysis.
However, a CMMS that 1s not easy to use and 15 keystroke intensive may
actually lower the ratio.

Total Hourly Maintenance Personnel *~
Total Number of Maintenance Overhead Personnel

This indicator is derived by taking the total number of hourly main-
tenance personnel and dividing by the number of maintenance overhead
personnel. The ratio should range from 3:1 to 5:1. Any ratio over 5:1
results in ineffective staffing. For example, it is more economical to pay
a maintenance clerk to enter information than it is to pay a maintenance
technician $20.00 or more an hour to enter the same data. A company
does not want to staff the overhead roles too heavily, but it is just as
costly to staff them too lightly.

Strengths
This indicator is mandatory for any company striving to insure
proper levels of support for the maintenance organization.

Weaknesses
The weakness of this indicator is that organizations try to de-
emphasize the support for the organization by hiding under the
concept of empowerment. The typical organization using this
excuse has little understanding of what impact the overhead func-

*texpressed as a ratio
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tion has on the accuracy of the equipment maintenance data. If an
organization desires to be competitive by utilizing maintenance
data, it will provide the proper level of maintenance overhead per-
sonnel.
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Reasons for the Lack of CMMS
Effectiveness

As noted earlier, the overall usage of the CMMS as a tool is poor by
the majority of organizations. Couple this with the fact that about 50%
of all CMMS’s are deemed to have failed after less than two years of
operation. Clearly there are issues that must be addressed for the
CMMS to be an effective tool for most organizations. The eight most
common reasons are explained next.

Lack of Maintenance Dedication

This problem develops when the maintenance organization lacks
clear definition of its roles and responsibilities. The organization may
actually believe that maintenance is a necessary evil, insurance, or just
an overhead expense. Instead of focusing on value-added functions, it
focuses on reactive maintenance. This type of maintenance organization
needs education on what equipment management really entails. Unless
it develops a proactive attitude by understanding the impact it can make
on the company’s profitability, it will never be dedicated to “best prac-
tice” maintenance concepts (including full usage of its CMMS) and will
never improve.

Poor or Incomplete Implementation

This is a typical problem for organizations that never fully under-
stood the implementation costs for a CMMS. In general, the cost of the
software itself is only one-fith to one-third of the total cost of the imple-
mentation. If there was insufficient budget for the implementation, the
data collection and training of the end users is eliminated. The organi-
zation assumes employees can figure out how to use the software: after
all, the salesman said it was easy to use. The organization also assumes
that the hourly technicians can gather the data as they work. This never
happens. Thus, the CMMS is underutilized and the implementation
fails; the return on investment in the CMMS is never realized.

Lack of End User Training on CMMS
This deserves special mention. No matter how easy a CMMS
appears to be, never shortcut the end-user training. Microsoft Windows
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is supposed to be very easy to use, but how many casual users ever real-
ize its full power? The same is true for any CMMS. Unless the end
users are properly trained, the full power of the system is never realized.
This lack of training is the single biggest factor in the overall failure of
the CMMS as a maintenance tool.

Lack of Sufficient Resources

If a company is to be successful in utilizing a CMMS, it must
remember that “Someone must feed the monster.” The system requires
certain amounts of data to be entered every day if it is to be effective.
Unless the support resources are in place to insure data entry, the data is
not input. In turn, the CMMS has nothing of value with which to man-
age maintenance. The labor resources to properly operate the CMMS
must be clearly defined during the implementation. They then must be
provided on an ongoing basis to insure there is value added in the data
being provided by using the CMMS; otherwise another failure results.

Inaccurate Data in the CMMS

This problem is typically caused by partial or casual use of the
CMMS. If there is no dedication to entering accurate data, the expres-
sion garbage in garbage our finds fulfiliment. Any decisions made
based on the data in the CMMS are wrong, and the maintenance depart-
ment loses credibility. In most cases, the rest of the organization knows
the information in the maintenance system is inaccurate and it is never
allowed to influence decisions. Therefore CMMS is ruled a failure.
Unless the resources and disciplines are in place to insure accurate data
collection and usage, the CMMS will fail.

Not Utilizing the Data in the CMMS

This problem reflects a trap that organizations fall into when they
lose focus of the real value of the CMMS: to manage maintenance and
the organization’s equipment. The maintenance organization may col-
lect accurate data, but never have the time or the resources to analyze it.
Thus, it is collected but never used. Eventually, the CMMS falls into a
lack of use, since no one ever saw any value to collecting the data. The
only way to eliminate this problem is to plan from the beginning to use
a maintenance or reliability engineer to analyze the data that will be col-
lected. Without this focus, the CMMS will eventually fail.
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Poorly Configured CMMS

This problem is a software issue. The vendor did not design the
CMMS correctly and the system is difficult to configure. The program
may not cleanly integrate data between the work order and the stores
and labor modules. Added clerical support will be required. Since this
wasn't planned for, it is not in the budget and is usually not provided. In
turn the CMMS will fail. Before any CMMS is purchased, the end users
should be asked what they want the CMMS to do for them and how it
should do it. Functionality should be approved before the CMMS is ever
purchased. If not, another failure will result.

Poor Acceptance by the Organization

Here, the rejection is organizational, not just by the maintenance
department. In some cases, the CMMS is viewed as something just the
maintenance department uses, not as an organizational tool for manag-
ing the company’s equipment. In other cultures, the CMMS is viewed
as an Equipment Management Information System (EMIS), which
focuses not just on maintenance, but on managing the equipment. This
view reinforces the idea that the CMMS is not just a maintenance tool,
but is an organizational tool. Unless the organization can see the value
of the CMMS, the system will not receive the acceptance it requires to
be useful. This problem is overcome by the organization being educat-
ed to the value of good maintenance and data collection.

Poorly Inaccurate lack of End Lack of
Configured Data in the User Training Maintenance

CMMS CMMS on CMMS Dedication

\ \ \ \ —

CMMS
/ / / / Indicators
Poor “Buy- in” Not Utilizing Lack of Poor or
by the the Data Sufficient Incomplete

Organization in the CMMS Resources implementation

Chapter 7
Techmca! and interpersonal
Training

The training and education of today’s workforce, whether salaried or
hourly, is a major issue. Many organizations have aging workforces and
the skills of those entering the workforce are below the standard that
will be necessary to replace those who are exiting the workforce.
Training and, in some cases, retraining are essential if the skills required
to operate and maintain the high-tech equipment now being installed in
plants and facilities today are to be developed.

Consider how hard it is to classify the new technicians. Are they
white collar workers? Are they blue collar workers? In reality, they will
be known as gold collar workers since they will be able to name the
company they want to work for, what area of the country they want to
work in, and what wage they want to work for. If this seems unrealistic,
consider what it takes to hire a skilled electronics technician roday. They
are rare; they will receive almost any wage they ask for, since their skills
are in such high demand. The same is true of the mechanical technicians
who understand operating dynamics of their equipment.

The present rate of technology change is leaving some work forces
talling behind in technical skills. It is estimated that the technical skills
of those working in the plants today will be outdated within the next
three to five years without retraining. While this will be may seem too
quick for some industries, there are others where the process technolo-
gies change so quickly that they are replacing equipment every year
with newer models with increased technology.
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Consider your automobile. Would you want an auto technician who
had not been trained or retrained in the last three to five years working
on your latest model? Probably not. First, they might not understand the
new design features, let alone be able to do anything with them. Second,
unless they had the latest diagnostic equipment and knew how to use it,
they would be limited in evaluating many problems.

A recent study of the job market the fastest growth job market for the
next decade will be the plant technicians; people who can operate and
maintain high tech equipment.

How is training justified? There are examples of companies that
have initiated specialized training for employees and tracked the results
from a financial perspective. One company saved over $4.5 million by
training its maintenance technicians in the proper installation and main-
tenance of bearings. Another company saw its maintenance costs for
forklifts drop 20% after training the workforce in how to properly oper-
ate the forklifts. Each manager should carefully reflect on how much
damage is done to the equipment in a plant because the operational and
maintenance technicians are not properly trained.

With these points in mind, it is beneficial for each manager to ask
“How 1s my workforce doing in keeping pace with the changing equip-
ment technologies?” An honest evaluation will be beneficial for all man-
agers. The following indicators will help in the evaluation.

1. DoLLARS PER EMPLOYEE

This indicator examines the actual average training dollars being
spent per employee per year. Many companies will train a select group
of employees, such as upper managers, but how much is actually spent
on the entire workforce, where a large return on investment is waiting
for most companies? The importance of management training is not
being minimized, but rather the focus is shifting to the operators and
maintenance technicians and their training. Averages for this indicator
range from $1,200 to $1,500 per employee per year.

Total Training Dollars **
Total Number of Employees

This indicator, which can be derived by dividing the total training
expenditures by the total number of employees, gives in dollars the rev-
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enue per employee spent on training. The indicator can be calculated on
a monthly basis and reviewed over time to insure that proper attention
is being given to the training needs of the organization.

Strengths
The indicator is useful for monitoring the training expenditures and
insuring that the proper overall level of training is being funded.
Weaknesses
The indicator fails to address the issue of training needs. In other
words, is the training that is funded the right training for the needs
of the workforce at the current time? If this indicator is utilized
exclusively, then a false sense of achievement may be realized by
some organizations.

2. Hours PER EMPLOYEE

This indicator examines the actual average training hours being allo-
cated per employee per year . Many companies train employees with
“soft” skills, such as diversity and team building, but how much time is
allocated for the technical training? Certainly soft skills training is
important since it helps improve organizational effectiveness. However,
how much is being expended for pure technical training for the opera-
tors and maintenance technicians? Technical training is essential if the
workforce is to be effective operating and maintaining the company’s
high tech equipment. In fact, studies have shown that technical training
and interpersonal training should be given an even 50-50 split.

Total Technical Training Hours ™
Total Number of Employees

Total Interpersonal Training Hours *~

Total Number of Employees

These indicators can be derived by dividing the total training hours
in each category by the total number of employees. This gives in hours
the time per employee spent on each type of training. The indicator can
be calculated on a monthly basis and monitored over time to insure the
proper attention is being given to the training needs of the organization.
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Strengths
The indicator is useful for monitoring the training time by type of
training and insuring that the proper overall level of training is
being funded.

Weaknesses
While these two indicators are more effective than the first one, the
indicators still fail to address the issue of training needs. Again, is
the training that is funded the right training for the needs of the
workforce at the current time? Also, if these indicators are utilized
exclusively, then a false sense of satisfaction may be achieved by
some organizations.

3. GRADE READING LEVEL

This indicator is more confidential then the previous two. It exam-
ines the overall grade reading level for the plant and expresses it as an
average. This information is disturbing to some plants the first time they
conduct a reading level assessment. Informal surveys conducted with
seminar attendees over several years suggest that the average reading
level in most plants today is about eighth grade. The ranges are from a
low of a third-grade level to a high of second-year college.

A more disturbing statistic is the illiteracy level in some plants. It has
been found there are plants in which one-third of the maintenance work-
force is functionally illiterate. It does little good to print out a work
order that the maintenance technician can’t read. On the other hand, one
computer chip manufacturer requires its maintenance technicians to
have a four-year college degree.

There is no formula for this standard. It is derived through standard
testing and averaging the plant totals.

Strengths
The indicator is useful for highlighting the company’s standard in
the area of basic skills. If the results are low, then some remedial
training in basic skills is required.

Weaknesses
If the testing and results are not kept confidential, the technicians
may view it as a way to humiliate individuals or to highlight those
who the organization may want to replace. The goal should never
be anything like this. Instead, the goal should be to identify if the
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plant has an overall problem in this area. In addition. the ¢oal
should be to identify what basic skills needs are in the organization
and what training steps must be taken to insure those needs are
filled.

4. NATIONAL TEST AVERAGES

This indicator examines the actual skill levels of individual employ-
ees by using nationally recognized testing. The company can then eval-
uate how its employees match up with the averages in its own area or
even in the areas where its competitors are located. A highly skilled and
trained workforce allows a company to do many things that a company
with a marginally trained workforce can not. If a company’s competitors
have workforces with higher levels of skills, they may be able to move
into multi-skilling, operator involvement, or other high performance ini-
tiatives. There is no formula for this indicator.It is derived from nation-
al testing results.

Strengths
This indicator is useful for comparing workforce skills from plant
to plant within a company, or for geographical comparisons with a
competitor’s workforce.

Weaknesses
This indicator is simply averages which may vary. A highly-trained
workforce may exist in one area, raising what would otherwise be
a lower score. This effect can skew results when trying to compare
areas. The averages are worth considering, but no comparison
should be viewed as absolute.

5. CORRESPONDENCE TRAINING AND TESTING

This indicator examines the actual training scores of the plant
employees in various technical courses. Managers can then identify and
utilize the skills and talents of the various employees. If the training and
testing are part of a pay-for-knowledge or a pay-for-skills program tied
to a needs/task analysis, then the scores can be used to promote indi-
vidual technicians or to increase their pay based on applied skills.

There is no formula for this indicator. It is derived from the testing
results.
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The indicator will be the test scores themselves. The scores can be
used to identity individuals with high skill levels who can be deployed
in tasks that require the higher level skills and abilities. If the training
and testing is tied to a job needs/task analysis, the results can be used to
move individuals into a pay-for-applied-skills and knowledge program,
encouraging the technicians to constantly improve their skills.

Strengths
This indicator is useful for tracking the skills of individual employees.
Weaknesses
The indicator can be used to compare employees and rate them
with their peers in an open forum. It should never be used that way.
The testing and training progress of the employees should be kept
at the highest confidence leveil. Any failure to provide security for
this information can result in a complete lack of workforce support
for any training or improvement program. A breach of confiden-
tiality could also lead to lawsuits from angry employees.

6. NUMBER OF TRAINING EMPLOYEES COMPARED TO
MAINTENANCE EMPLOYEES
This indicator examines the actual number of training employees per
maintenance employee. This ratio will help an organization insure that
the training programs for maintenance are staffed properly for success.
Otherwise, the right amount of training will not be administered, since
the staft will not be available to deliver or coordinate the training.

Total Number of Training Employees **
Total Number of Maintenance Employees

This indicator can be derived by dividing the total number of train-
ing employees by the total number of maintenance employees.
Depending on how much of the training is delivered by in-house
instructors instead of contractor instructors, this indicator can vary dra-
matically. For example, the ratio can average from as many one training
person for every 150 employees to as few as one training person for
every 400 employees. In establishing a ratio goal for a plant, the work-
load for the training staff person should be closely monitored to insure
effectiveness of the training.

Ly
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Strengths
The indicator is useful for monitoring the level of stafting of the
training department.

Weaknesses
The indicator has such a broad range that a company may feel that
as long as it is within that range, the training department is statfed
satisfactorily. Without careful monitoring of the training workload,
the training staff may find themselves overloaded. This overload
condition will impact the overall effectiveness of the training and
the company will fail to see the results from the training that should
have been achieved.

INDICATORS SPECIFIC TO TECHNICAL TRAINING

The following indicators should be valuable to organizations at-
tempting to cost justify their training programs. As it had often been said,

If vou think training is expensive, try to calculate the cost of naivete.

The following indicators will help a company calculate the cost of
not training its employees; they will further strengthen the business case
for increased technical training.

7. DOWNTIME RELATED TO OPERATOR TRAINING

This indicator examines the actual downtime on equipment that is
caused by operators’ skill deficiencies. In many cases, extensive train-
ing programs do not exist for operators. Although regulatory programs
such as Process Safety Management (PSM), OSHA regulations, and
[SO-9000 certification require extensive operator training, few compa-
nies actually have documented standard operating procedures. If the
maintenance and engineering department personnel were surveyed, what
would be the equipment downtime caused by a lack of knowledge or
skills on the part of the operations personnel? What if the cause could be
recorded in the CMMS and totaled across a department or even the entire
plant for a month? For a year? What amount of downtime would be
identified?

Total Downtime Attributed to Operational Errors”
Total Downtime
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This indicator can be derived by dividing the total downtime attrib-
uted to operational errors by the total downtime. This indicator is flexi-
ble: it can be used for an area, a department, or an entire plant.

One of the most valuable alternatives to using the raw indicator is to
calculate what the cost of an hour of downtime is worth to the compa-
ny. It varies from type of equipment and type of process. The cost of
downtime includes not only the cost of the lost product or throughput
for the hour, but also the cost of idle labor or overhead for the hour.
Improvements in quality came only after someone calculated what the
cost of nonconformance or poor quality actually cost a company.

Estimates for the cost per hour of downtime range from $1,000 for
simple machining operations to over $40,000 for line costs in a brewery,
and over $100,000 in a computer chip manufacturing plant. If the hours
of downtime attributed to operational errors are multiplied by these fig-
ures, then the training programs become easier to cost justify.

Strengths
This indicator is useful for tracking the hours of downtime caused
by operational errors. However, it is even better for tracking the
reduction in downtime hours once a training program has been
implemented. The organization can then easily calculate the return
on investment for the training.

Weaknesses
This indicator is easy to use as a tool to identify operations per-
sonnel making mistakes and punish them. But training programs
should be used to improve their performance. If the indicator is
used as a tool for punishment, then the operations personnel will
find ways to cover the root cause of the problem; the losses will
never be identified and eliminated. If this indicator is to be utilized,
it must be with the proper goals.

8. DOWNTIME RELATED TO MAINTENANCE TRAINING
This indicator 1s similar to the previous one with the exception that
it focuses on maintenance skill deficiencies. In many companies,
apprentice programs for maintenance do not exist. Some companies
have no structured training programs in place to progressively improve
the current level of technical maintenance skills. Although, regulatory
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programs such as Process Safety Management (PSM), OSHA regula-
tions, EPA requirements, and [SO-9000 certification require extensive
maintenance training and documentation, few companies actually have
documented standard maintenance training and procedures. If the main-
tenance and engineering department records were surveyed, what would
be the equipment downtime caused by a lack of knowledge or skills on
the part of the maintenance technicians? What if the cause could be
recorded in the CMMS and totaled across a department or even the entire
plant for a month? For a year? What amount of downtime would be
identified?
Total Downtime Attributed to Maintenance Errors ™
Total Downtime

This indicator can be derived by dividing the total downtime attrib-
uted to maintenance errors by the total downtime. This indicator is flex-
ible; it can be used for an area, a department, or an entire plant.

Factoring the cost of downtime into the indicator can also provide
the same benefits that it did in the operations example.

Strengths
This indicator is useful for tracking the hours of downtime caused
by maintenance errors. However, it is even better utilized by track-
ing the reduction in downtime hours once a training program has
been implemented. It is then easy to calculate the return on invest-
ment for the training.

Weaknesses
It is easy to use this indicator as a tool to identify maintenance per-
sonpel making mistakes and punish them rather than using the
training programs to improve their performance. If the indicator is
used as a tool for punishment, then the maintenance personnel will
find ways to cover over the root cause of the problem and the loss-
es will never be identified and eliminated. If this indicator is to be
utilized, it must be with the proper goals.

9. LosT PRODUCTIVITY RELATED TO MAINTENANCE TRAINING

This indicator examines the productivity losses in maintenance
activities caused by a lack of skills and knowledge in the maintenance
work force. This indicator is more difficult to calculate than the previ-
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ous two since the measure is typically a subjective assessment by a
supervisor or manager of the actual work activities of a maintenance
technician. The items highlighted here would be any time that is lost
because an individual does not have the skills or knowledge to perform
the work in the most effective and efficient manner.

Estimated Lost Time Due to Lack of Knowledge or Skills*
Total Time Worked

This indicator can be derived by dividing the estimated time lost due
to a lack of knowledge or skills by the total time worked. This indicator
can be tracked by type of work, specific job, specific skill, or any other
parameter that might be useful in identifying a potential training need.
The training needs can then be prioritized based on the amount of time
lost. The wage rate and impact on the time to perform the task (includ-
ing the downtime of the equipment) can all be calculated in dollars and
the required training can be cost justified.

As the training is conducted, the increased productivity can be
tracked and the results expressed in dollars saved. This measure is effec-
tive for calculating return on investment for the training program.

Strengths
This indicator is useful for identifying training needs, cost justify-
ing the training, and calculating the return on investment once the
training is conducted.

Weaknesses
This indicator requires a subjective opinion about the amount of
lost productivity attributed to a lack of knowledge or skills. The
opinion may be disputed by some in the organization. However, if
similar work can be found in other departments and plants, and
comparisons can be drawn from these examples, then some of the
disputes can be eliminated.

This indicator also can be used to make comparisons between indi-
viduals. While this used in itself is not wrong, if someone uses this
data to reprimand or even criticize an employee, then the use of the
indicator will be eventnally be discontinued. Proper focus and
understanding of the indicator’s use is critical to its success.
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10. MAINTENANCE REWORK RELATED
TO MAINTENANCE TRAINING

This indicator examines the amount of rework that is performed by
the maintenance workers. Rework is defined as work that because it was
not done completely and correctly the first time. must be adjusted,
changed, or perhaps done completely over again. The organization must
identify what amount of this type of work occurs because there was a
lack of knowledge or skills on the part of the technician who performed
the work the first time. This type of rework can be eliminated through
a focused training program.

Maintenance Rework Due to Lack of Knowledge or Skills*
Total Maintenance Work

This indicator can be derived by dividing the total hours of mainte-
nance rework by the total hours of maintenance work. The resulting per-
centage highlights the opportunity for improvement by training the
technicians so they can do the job right the first time. The losses in labor
costs and material costs can be calculated for the rework and used as
justification for the training program. In addition, the cost of the down-
time incurred during the rework should also be factored in the savings
potential. The return on the investment for the training can be calculat-
ed by monitoring the decrease in maintenance rework. The return on
investment is calculated by the cost of the training program compared
to the savings in reduced maintenance labor, materials, and plant equip-
ment downtime.

Strengths
This indicator is useful for calculating the potential benefits of
eliminating or reducing maintenance rework by increased mainte-
nance training.

Weaknesses
The only weakness is a slight chance that some of the maintenance
rework will not be properly identified. This information must not
be misused as a way to punish technicians, instead of using it to
focus the training effort.
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11. AVERAGE TRAINING VERSUS PAYROLL

This indicator examines the actual average training dollars being
spent compared to actual payroll. It is similar to the training dollars per
employee calculation. However, this indicator looks at the actual train-
ing cost as a percentage of plant payroll. In general, about 3% of the
plant payroll should be spent on training. Decisions must be made about
the type of training (and for whom) and the balance among management
training, interpersonal training, and technical training. The indicator is
calculated as follows:

Total Training Dollars *
Total Plant Payroll

This indicator can be derived by dividing the total training expendi-
tures by the total plant payroll. The resulting percentage shows the
amount of the plant payroll allocated to training.

Strengths
The indicator is useful for monitoring the training budget as the
plant payroll increases or decreases. It insures that the proper level
of training is budgeted.

Weaknesses
The indicator has no major weaknesses. It is essential to have plant
management commit to the proper percentage. Then, as the plant
payroll increases or decreases, the proper level of training is
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Problems with Technical Training
Programs
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With the challenges described at the beginning of this chapter, it is
apparent that most training programs are experiencing problems, if not
outright failure. The most common reasons for training program failures
are discussed in the following material.

Only Using On-The-Job Training (OJT)

This is a common problem in organizations without the resources to
develop a structured and documented training program. The managers
rely on other technicians showing an operator how to run equipment or,
for a maintenance person, how to maintain, troubleshoot, and repair the
equipment. Since the technicians giving this on-the-job instruction also
have other jobs, they are hurried to convey the minimum of what the
trainees need to perform the basics of the job.

The detailed instruction that makes a technician efficient and effec-
tive is never provided. The trainee may make great personal efforts to
perform the job, but they are never efficient and effective. In addition to
wasted labor resources, the equipment operation is affected and plant
capacity suffers.

Companies that use only on-the-job training should remember that
the method also teaches trainees someone else’s bad habits. On-the-job
training is never successful unless it i1s supplemented by additional
training.

Training Is Too Theoretical

In some training programs, the information is taught directly out of
textbooks and never supplemented with any actual application of the
material to the technician’s work assignment. The technician must make
the application. Some will be able, but most will not. The effectiveness
of the training and the return on investment will be impacted in that
improved technician performance will not be realized.

The solation is to make the training job relevant. This may involve a
duty or task analysis of the job and blending theory, hands-on lab activ-
ities, and on-the-job training to assure the trainees will be able to mas-
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ter the new skills being taught. Without making the training job relevant,
there is little chance for retention on the part of the trainees.

Training Not Relevant to Current Assignment

Once training has taken place. it is important that the trainees put
their new skills and knowledge to use. If they must go weeks or even
months before they can use training on the job, their retention rate falls
to a very low level In fact, if months have elapsed, they may need
retraining.

The message here is short and concise: provide the right training at
the right time and at the right level. Unless these criteria are met, the
organization will waste its training expenditures.

Poor Training Methods Utilized

This problem results from a lack of flexibility in the training deliv-
ery. A good training program uses a blend of materials and presentation
styles. These include traditional classroom settings, computer-based
training modules, video-based training modules, self-paced correspon-
dence materials, and satellite training broadcasts.

If one style of presentation is used exclusively, then trainees may
become bored and uninterested. By using a blend of techniques, the
instructors can insure the training program always helds the attention of
the trainees.

Lack of Basic Skills of Students

Unfortunately, this lack of preparation is becoming a large problem
in many companies today. As individuals leave high school, they lack
the basic skills in reading, writing, and mathematics. In turn, the com-
panies have no choice but to develop internal basic training programs
designed to insure a minimum competency in the workforce. While
some companies do not have a problem in this area, due to acceptance
testing, other companies do not have favorable geographic locations,
compensation systems, or work environments to assure they a pool of
highly-qualified candidates from which to select employees.

Poor Training Materials Utilized
Poor training materials may be an indication that there is insufficient
funding for the training program. Some training programs use photo-
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copies of copyrighted materials. In other cases, materials that are many
vears old are used and even recirculated among trainees. If a training
program is to be effective, appropriate training materials must be pro-
vided. Many quality sources provide excellent training materials.

No Motivation for the Students
This area is sensitive for many companies. What are the incentives
for an employee to want to learn new skills? Some factors include:
Will training lead to a pay increase?
Do the new skills lead to a new job?
Is training required to perform the current job due to a technology
upgrade of the equipment?
Is the training just to insure the employability of the technician?

The motivation may be all of these, some of these, or even none of
these reasons. Keep in mind that no matter what is used, something will
have to motivate each employee to take the training and apply it. It is up
to the management of each organization to find the right motivation for
its workforce.

Lack of Management Commitment

One fact is clear: training is expensive, but ignorance is even more
costly. In many cases, however, when cost reductions are made, cuts
often begin in training and maintenance. These cuts are really a problem
if you are in maintenance training. Management needs to be committed
to training its employees if the company 1s to be competitive in the next
decade.

Training needs to be focused on the return on investment the com-
pany will receive. This means training will be focused on resolving
identified issues. These issues will have to be rated by the financial
impact they have on the company. The issues will have to have a train-
ing needs analysis performed to identify the training requirements. The
training will have to be developed or purchased. The results of the train-
ing will have to be tracked. The improvements will have to be expressed
in a dollar amount so that the return of the training investment can be
calculated and the effectiveness of the training evaluated.

Unless these activities are undertaken in a detailed and structured for-
mat, management will never commit to a sustainable training program.
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Chapter
Operational Involvgment

Most organizations today face a shortage of maintenance technicians
to perform much of the technical work that needs to be performed on the
equipment. In addition, many times the equipment isn’t operating cor-
rectly since it doesn’t get the level of attention and service it needs from
the maintenance department.

Faced with these problems, many organizations are looking for activ-
ities in which they can involve equipment operators or other operational
and facilities personnel. In this way, they can free their maintenance
resources to concentrate on other activities where their technical skills
can be better utilized, such as the predictive and reliability activities
detailed in subsequent chapters.

First, though, what are some of the activities in which operators or
operations personnel can be involved, and that can free up maintenance
resources? The activities vary from company to company, but they
include start-up inspections, cleaning, routine lubrication, mechanical
fastening, minor maintenance, and data collection.

Start-up inspections require nothing more than a visual check of all
of the start-up conditions of the equipment. This check would include
looking for proper lubrication levels; proper, tight connections on all air.
water, and hydraulic hoses; proper connections on lubrication lines, par-
ticularly grease lines; proper torque or tightness of all mechanical fas-
teners; and proper pressure, flow, and temperature of process equipment.

These may seem like little things. Yet how many maintenance
resources would be required to make these checks at the beginning of an
operational shift? The resources would be considerable. But now, with
the operators performing these checks, the maintenance resources can
be redeployed to other activities.

Equipment cleaning is a second activity in which many companies
have operators involved. In fact, it is the primary activity in most com-
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panies. Clean equipment is easier to inspect, it decreases contaminate
related wear, and it raises morale. Yet there is also a technical reason
that clean equipment is required. Operators, helping to insure removal
of contamination from their equipment, can do much to relieve extra
work from the maintenance department. As an example, gearcases,
motors, and hydraulic systems are required to be kept clean to prevent
heat buildup. If contamination is allowed to buildup, then the thermal
transfer process (allowing heat dissipation) is interfered with, and heat
build up begins. As the temperature increases, the life of the component
decreases. While equipment breakdowns don’t occur immediately, they
happen in a fraction of the design life of the component.

A third activity in which operators can be involved is the routine
lubrication of their equipment. This dos not mean the operators have to
walk to the storeroom and try to find the right oil or grease for their
equipment. In many companies it is the responsibility of the mainte-
nance department to insure the proper lubricant is close to the equip-
ment; it takes little time and effort for the operators to get the lubricant
they need for their equipment. Dispensers and filling equipment should
also be conveniently provided as should instructions on quantity and
application method of the lubricant. If the operator lubrication program
is properly structured, it can relieve a large portion of the maintenance
labor to be redeployed.

A fourth activity for the operators involves proper fastening and
tightening procedures. The majority of mechanical breakdowns are due
to poor fastening procedures. Lack of proper torquing techniques is a
major issue. Operators are taught to look for loose fasteners and to
either report or repair them before they start to loosen and create wear.
This action reduces the need for a maintenance technician to be
involved in this level of activity again freeing up more time for the
maintenance technician to concentrate on other activities.

In some companies, the operators are trained to perform minor main-
tenance on their equipment. The tasks that they perform must be care-
fully selected, since training will be required for each task. Generally,
companies will select the top five to ten nuisance tasks. These are tasks
that generally take less time to perform than is needed to get a mainte-
nance technician to the equipment.

These tasks are typically small items, like realigning a photocell,
adjusting a mechanical stop, or resetting a stop switch. Each of the tasks
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are carefully outlined. detailing each step and identifying all of the pos-
sible safety issues, what small tools may be required, and a visual dia-
gram of the task. The operator is then trained how to do the task by the
maintenance technician responsible for the equipment. When the train-
ing is complete, the task sheet is kept in a notebook at the Operator’s sta-
tion for further reference each time the job needs to be performed. This
process insures the operator is trained to work safely and the task is per-
formed correctly.

One additional task in which some companies are involving the
operators is using the CMMS for data collection. In these companies,
rather than forwarding a hand-written request (or even a telephone
request), the operators actually enter work requests into the CMMS. The
request is then processed by someone in the maintenance department
(usually a planner) and is converted into a work order. Some companies
will even have the operators enter the minor maintenance they perform
on their equipment directly into the CMMS. In other companies the
operators record downtime amounts and causes. Again, the focus is on
activities that free maintenance resources.

How does one monitor the effectiveness of operational involvement
in maintenance activities? The following are some suggested indicators
and performance measurements.

1.PMs PERFORMED BY OPERATORS
This indicator examines the preventive maintenance program and
what percentage of the work is being performed by the operations
group. This indicator is valuable for insuring that some of the preven-
tive maintenance is being performed by the operators. In most compa-
nies this level ranges from 10% to 40% of the preventive maintenance
workload.

Hours of Preventive Maintenance Performed by Operators -
Total Preventive Maintenance Hours

This indicator can be derived by taking the total hours of preventive
maintenance performed by operators and dividing by the total hours in
the PM program. In calculating this indicator, it is best to use a weekly
total and then analyze the indicator over a six-to-twelve month window.



108 Developing Performance Indicators for Managing Maintenance

Strengths
This indicator is useful for insuring there is operational involve-
ment in the PM program. It helps all employees in the organization
to focus their efforts on performing the most maintenance on the
equipment that they can with the best results.

Weaknesses
The weakness of this indicator is that sometimes someone has a
target level for the involvement that operators should have in the
PM program. As a result operators are encouraged to do too much
or too little. When determining the correct level, the focus should
be on the high time/lower skill activities that can easily be trans-
ferred to the operators. This insures the correct level of operational
involvement.

2. SAvINGS DUE TO OPERATOR INVOLYEMENT
This multipart indicator focuses on the value derived from the oper-
ators’ involvement in maintenance activities. The areas are:

INCREASED UPTIME
This indicator examines the increased uptime that equipment is
experiencing due to the operators’ activities. The indicator looks at the
maintenance downtime for the current year and divides it by the main-
tenance downtime for last year for the same time period. The result is the
percentage increase in uptime. This helps the operations and mainte-
nance technicians clearly see the benefits of operational involvement.

Maintenance-Related Equipment Downtime (current period)
Maintenance-Related Equipment Downtime {previous year same period)

This indicator can be derived by dividing the total hours of mainte-
nance-related equipment downtime for the current period this year by the
maintenance-related equipment downtime for the same period for the pre-
vious year. In calculating this indicator, it is best to use a monthly total and
then monitor the indicator over a twelve month window.

Strengths
The indicator is useful for highlighting the benefits of operator

involvement in the maintenance activities.
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Weaknesses

The weakness of this indicator is that, in all probability, not all of

the increase in uptime will be directly attributed to the operator

involvement. However, even if the increased uptime is due to some

predictive maintenance or reliability activity, the operator involve-

ment still contributed by freeing up the resources to engage in these

activities.

INCREASED CAPACITY
This indicator examines the increased capacity for the equipment

due to the operators’ activities. The indicator looks at the equipment
throughput for the current vear and divides it by the equipment through-
put for the same time period the previous year. The result is the per-
centage increase in throughput (capacity). This indicator is different
from the previous one in that the last one focused on equipment uptime
whereas this indicator focuses on capacity, which is the, performance
efficiency of the equipment and the quality of the product. This indica-
tor helps the operations and maintenance technicians clearly see the
benefits of operational involvement.

Actual Equipment Throughput (current year)
Actual Equipment Throughput {previous year same period)

This indicator can be derived by dividing the total throughput for the
equipment for the current period this year by the total output for the
equipment for the same period for the previous year. In calculating this
indicator, it is best to use a monthly total and then monitor the indicator
over a twelve month window.

Strengths
The indicator is useful for highlighting the direct production bene-
fits of the operator involvement in the maintenance activities,
Weaknesses
The weakness of this indicator is that, in all probability, not all of
the increase in capacity will be directly attributed to the operator
involvement. However, even if the increased capacity is due to
some predictive maintenance or reliability activity, the operator
involvement still contributed by freeing up the resources to engage
in these activities.
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A second weakness is the possible variance in market demand for
the product between the two years. Fluctuating demand can have an
impact on the throughput, in turn, impacting the indicator. If this is
the case, the calculation may need to be adjusted to a combination
of target and actual design capacity to insure a realistic indicator.

NOTE: The indicators above help show the maintenance and oper-
ations technicians the value of their involvement. However, before
using the indicators to show upper management the benefits, they
should be converted to a financial indicator showing the impact on
profitability that the increase in uptime or capacity has had across
the vear.

MAINTENANCE RESOURCES MADE AVAILABLE
This indicator examines the increased maintenance resources avail-
able due to the operators’ activities. The indicator looks at the percent-
age of maintenance activities the operators are performing this year
compared to the same time period last year. The result is the percentage
increase in maintenance resources available. This shows the operations
and maintenance technicians the benefits of operational involvement.

Hours of Maintenance Activites Performed by Operators (current year)

Hours of Maintenance Activities Performed by Operators
(previous year same period)

This indicator can be derived by dividing the total hours of mainte-
nance activities performed by the operators for the current period by the
total hours for the same period for the previous year. In calculating this
indicator, it is best to use a monthly total and then monitor the indicator
over a twelve month window.

Strengths
The indicator is useful for highlighting the change in operator
involvement in the maintenance activities.

Weaknesses
The weakness of this indicator is that, in all probability, over time
the percentage increase will level out and decrease as the operators
assume all of the maintenance duties that they can fit into their
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schedule. Thus, as the indicator decreases in size, the reason must
be clearly communicated. Any increase after saturation will be
incremental, but would show a continuous improvement in attitude.

3.0OPERATOR TIME SPENT ON EQUIPMENT IMPROVEMENT ACTIVITIES
This indicator examines the amount of time that operators spend on
equipment improvement and compares it to the total operator’s time.

Hours of Equipment Improvement Performed by Operators ”
Total Hours Worked by Operators

This indicator can be derived by taking the total hours of equipment
improvement activities performed by the operators and dividing by the
total hours worked by operators. The resulting percentage can be ana-
lyzed over time to show the level of operator involvement in equipment
improvement activities. In calculating this indicator, it is best to use a
monthly total with a twelve month window.

Strengths
This indicator, useful for highlighting the level of involvement in
equipment improvement activities, helps to insure that the improve-
ment activities are consistent. It prevents the program from losing
focus. If any negative trends are noted, they can be corrected before
serious damage is done to the equipment improvement program,
Weaknesses
This indicator has no major weakness. It should be used by any
organization utilizing continuous improvement tools.

Lack of Lack of Lack of Unresolved
Focused Proper Tools Technical Workforce
Effort and Supplies Training lssues
\ \ \ \ Low
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Involvement
Indicators
Poor Safety Incorrect Lack of Recent
Details Operator/ Sufficient Organization
Provided MachineRatio Resources Downsizing
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Problems With Operational
Involvement

While the Majority of companies today see the benefits of involving
their operations groups, few accomplish this involvement successfully.
In fact, surveys have shown that, on average, only about 30% of the
companies achieve the results they intend. Why is the success rate so
low? The following are common problems to operational involvement.

Unresolved Workforce Issues

This problem can be referred to as unresolved labor-management
issues. In most cases, successful operations involvement programs have
cooperative relations between labor and management. But when man-
agement and the workforce have a high level of grievances and unre-
solved issues, it is difficult to initiate operations involvement in mainte-
pance or equipment improvement activities.

Typically, the involvement of operations personnel in maintenance
activities, requires crossing boundaries between what has been two sep-
arate organizational functions. Even when management and workforce
relations are good, the start-up can be somewhat rocky. If the relations
are already strained, then initiating discussions about operators being
involved in maintenance activities may worsen the situation.

When the negative issues are not resolved, discussions often reach
an impasse, preventing any positive progress toward operational in-
volvement. If the involvement of operations personnel in maintenance
and equipment improvement activities is the goal of an organization,
then positive management-workforce relations must be developed and
nurtured. Without a mutual trust and a focus on being competitive in the
world market, a company will not initiate any sustainable operations
involvement program. Both labor and management should always re-
member that the real competitors are outside the company, not inside.

Recent Organizational Downsizing
A negative trend in most companies has been the downsizing of the
workforce. While it is true that some organizations have grown heavy
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with excess employees, many have cut too deeply into their employee
base. An honest evaluation should be made as to whether the reductions
are truly part of a focused reengineering effort or just a way to convince
Wall Street to raise the stock price.

If the workforce is concerned about downsizing and whether there is
going to be more in the future, starting any operations involvement
activity will be difficult. Some employees may feel that if they take on
any tasks that maintenance personnel currently perform, the mainte-
nance department might lose more people. The maintenance personnel
will teel the same and only partially train the operations personnel to do
the transferred tasks. The result is that equipment suffers and more
problems occur, insuring that the maintenance personnel will have
enough work to keep the current staff busy.

If the workforce is concerned about losing more personnel through
operational involvement in maintenance activities, then there is little
chance of success. If operational involvement is to be successful, com-
pany management must address issues around job security for the work-
force. Unless company management is willing to do this, it will be in the
best interests of all concerned to wait until another time to begin opera-
tional involverent in maintenance activities.

Lack of Technical Training

Many companies lack the appreciation for the skills required to be
proficient in performing maintenance activities. For example, some
companies have provided operators with grease guns to lubricate their
equipment but never provided any training on lubrication techniques.
Thus, some bearings were found with no grease, others had their seals
blown out from excessive grease, and still others had the wrong grease.
The number of bearing failures and the resulting equipment downtime
increased dramatically, affecting the equipment capacity and the morale
of the workforce.

If a company is going to involve operators in any maintenance or
equipment improvement activities, then technical training must be pro-
vided. Unless the company clearly understands that maintaining and im-
proving a technology (which is what a piece of equipment is) requires
technical skills, little, if’ any, benefits will result from operational in-
volvement in maintenance activities.
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Lack of Sufficient Resources

This particular issue focuses on the resources required to perform
any activities assigned to the operators. Suppose the equipment to be
maintained is on a manufacturing line, and the line requires four opera-
tors to run it. If only four operators are scheduled, how will they find the
time to perform any maintenance activities? If their assignment on t‘he
line does not include some free time to perform the maintenance activ-
ities, then they must shut the equipment down to perform the mainte-
nance activities. Is this cost effective? Do the downtime losses outweigh
the benefits derived from the operator-based activities? Without proper
resources, the maintenance activities are not likely to be performed
since they are viewed as lower priority than the production throughput.

Many companies actually overstaff their lines or processes with an
extra person (or more, depending on workload) to perform maintenance
activities and other functions assigned to the operators. This over-
staffing alleviates the strain on the resources and insures the equipment
receives the correct level of attention. For continuous run processes, the
activities are divided into run maintenance and down maintenance. The
run maintenance activities can actually be performed when the equip-
ment is operating, further reducing the amount of downtime required to
perform maintenance. These activities further reduces the resource
strain when the equipment is down. The company must examine meth-
ods to eliminate the strain on resources and still keep the equipment

properly maintained.

Lack of Proper Tools and Supplies

Many companies don’t realize that they require tools and supplies to
perform maintenance on the equipment. The maintenance department is
typically autonomous in obtaining its supplies. The operators are not as
adept. Therefore someone needs to insure that the operators have the
tools and supplies they need to perform their assigned tasks.

The solution is not complicated. Either maintenance can supply the
operators’ needs or a means can be provided for them to easily procure
their own supplies and tools.

Incorrect Operator/Machine Ratio
In many companies, the operators are required to work in manufac-
turing cells: one operator may run multiple pieces of equipment to pro-
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duce a product. This involves considerable time and effort on the part of
the operators. The company must ask whether they have additional time
to properly perform maintenance activities on the equipment? It may be
assumed that they can take a few minutes here and there to complete the
maintenance tasks. Yet, if they are pushed to meet their production
goals, will they take the time?

In companies where operators are required to run multiple equip-
ment items, the level of maintenance activities assigned to them may
have to be reduced. This may be a resource issue, but it is better to
insure that maintenance is being performed.

Lack of Focused Effort

The lack of focused effort can also be tied to a lack of training. The
operators will lose focus if they do not understand they are being asked
to undertake maintenance activities in an attempt to make more mainte-
nance resources available for other activities, while at the same time
insuring that the correct level of maintenance is still being performed on
the equipment. Futhermore, if management does not stay focused and
clearly communicate to the operators the value of the activities that they
are performing, the operators will lose focus.

The problem is overcome when the organization itself assumes the
proper focus and then instills the organizational discipline that insure
the operators stay focused on results.

Poor Safety Details Provided

If operators are going to perform even small amounts of mainte-
nance on their equipment, they need training to be safe. This training
goes beyond the basic operational lock-out tag-out training they may
have received. They need maintenance level training in these issues.
They need to be aware of the second-and-third level energy systems that
they may need to lock out before they do maintenance work. They need
to be aware of the OSHA regulations impacting work.

The solution to this problem is a good training program, coupled
with some supervised practice, to insure they are aware of all of the
safety issues.



Chapter
Predictive Maintenance

Predictive maintenance (PDM) 1s the monitoring of equipment oper-
ating conditions to detect any signs of wear that is leading to a failure
of a component. The goal of the predictive maintenance program is to
track the component wear with a methodology which insures that any
impending failure is detected. Once detected, the component wear is
tracked more closely. The component will then be scheduled for
replacement before it fails during a scheduled run.

The monitoring of the operating condition of the equipment can be
accomplished by examining its operating dynamics. The most common
techniques for measuring operating dynamics are vibration analysis,
thermography, ultrasonics, and oil analysis, both lubricant condition and
wear particles.

Vibration analysis measures the physical operating vibrations of
rotating equipment. Based on the type of equipment, the analysis can
indicate problems with bearings, belts, chains, gears, shaft misalign-
ment, and out-of-balance conditions. The major impact that vibration
monitoring has in most plants is its use in detecting bearing problems.
By knowing days, weeks, or even months in advance that a component
is wearing and will fail, the maintenance department can change the part
with minimal impact on the operations department.

Thermography measures the temperature of a component. Analzing
temperature over time indicates wear, since increased wear 1 generally
accompanied by a rise in temperature. The thermographic equipment
can be anything from a small temperature strip to an infrared imaging
system. The level of detail, coupled with ability to measure the parame-
ter safely, quickly and accurately determines the cost of the tool
required. Thermography is typically utilized for finding potential prob-
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lems (usually poor connections) with electrical and electronic systems.
However, it is also being used in high temperature applications like fur-
naces and heat exchangers. It is also used to indicate misalignment in
drive couplings.

Ultrasonic inspections are used to check for high frequency noise
that is typically created by leaks. Ultrasonic detectors can be used to
find air leaks, steam leaks and other fluid leaks. Using stationary detec-
tors, ultrasonic detectors can also be used to inspect pressure vessels and
other containers. While ultrasonics tends to be used as an instantaneous
check, the data, especially for pressure vessels can be analyzed to show
rate of wear.

Oil analysis refers to at least two different techniques. The first
examines the lubricant itself. The analysis reveals whether the oil has
become contaminated, is losing its lubrication qualities (corrosion resis-
tance. wear resistance, load rating, etc.), or has been damaged from
overheating. The second examines wear particles in the lubricant. These
particals indicate the type of wear occurring in the unit being lubricat-
ed. If the wear particles show an accelerated wear rate, then the unit can
be more closely inspected to find the cause of the wear and correct it.
This leads to extended life of the component by detecting a problem
before any damage is done to the component.

Since each of these predictive techniques are used to check for a par-
ticular type of wear, a mix of the techniques is typically used in a pre-
dictive maintenance program. The PDM focuses on the following steps:

Track equipment conditions not easily inspected in the preventive
maintenance program.

Reduce the amount of effort in the PM program by using tech-
nology instead of disassembly.

Reduce the spare parts required to be on hand for unexpected
equipment breakdowns or component failures.

Allow for a high level of planned and scheduled maintenance work,

Jowering the amount of conflict with the production schedule.
Increase the equipment capacity by insuring it is technically capable
of performing at design specifications.

Some of the indicators that can be used to determine if the predictive
maintenance program is successful follow.
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1. PREDICTIVE MAINTENANCE ACTIVITIES

This indicator examines the percent of maintenance activities that
are predictive compared to the other categories of maintenance work.
There are two ways to view the indicator. The first is by total hours of
predictive maintenance (PDM) time compared to all other hours of
maintenance work. The second is by total expense for the program com-
pared to the total dollars spent on maintenance. Most of the PDM work
involves labor-intensive inspections. There are few spare parts used.
However, if the work tracking system can be used to highlight correc-
tive work resulting from predictive inspections, then the ability to com-
pare additional cost benefits will be available.

Hours of Predictive Maintenance Activities ®
Total Maintenance

Predictive Maintenance Costs”

Total Maintenance Costs

These indicators can be derived by dividing the total hours (or costs)
of the predictive maintenance activities by the total hours (or costs)
worked by the maintenance department. The resulting percentages can
be analyzed over time to show the level of hours or costs invested in the
PDM program. In calculating this indicator, it is best to use a weekly
total over a twelve-month window. )

Strengths
These indicators are useful for highlighting the level of predictive
maintenance activities and insuring that they are consistent. The
indicators prevent the PDM efforts from losing focus. If any nega-
tive trends are noted. they can be corrected before serious problems
develop with the PDM program.

Weaknesses
There are no major weaknesses with these indicator . They should
be used by any organization serious about the predictive mainte-
nance program.

2. SAVINGS ATTRIBUTED TO PREDICTIVE MAINTENANCE ACTIVITIES
This indicator highlights the savings attributed to the predictive
maintenance program. It should include equipment breakdowns that
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were eliminated or prevented due to a predictive inspection. While these
savings may be difficult to calculate, a genuine attempt should be made
to quantify them, thereby insuring the ongoing organizational support
for the PDM program. The major areas of saving are:

Increased equipment uptime (downtime avoidance cost)

[ncreased equipment capacity (increased of the equipment)

Decreased maintenance expense

(less expensive to repair in a planned mode)
Dollars saved due to predictive maintenance (month-to-date)

This indicator is calculated on a monthly basis and reviewed over a
year. The indicator should also provide an annual summary of the year-
ly savings since the program’s inception.

Strengths
The indicator is useful for obtaining and maintaining organization-
al support for the predictive effort. It can also be used as an educa-
tional tool, helping the organization understand the impact that
equipment reliability has on the profits of the company.
Weaknesses
The major weakness of this indicator is the difficulty in calculating
the cost avoidance. It may be easier if the cost data for a previous
breakdown was accurately recorded in the CMMS. The downtime
should have been a part of that record; the loss can then be calcu-
Jated from that figure. Capacity increases can compare current pro-
duction rates to the rates before the predictive program was started.

3. DECREASED MAINTENANCE EXPENSES ATTRIBUTED
10 PDM ACTIVITIES

This indicator examines the maintenance expense reduction for
operating in a predictive mode compared to a reactive or preventive
mode. The reduction, which occurs because of the longer planning cycle
lowers the inventory on hand since the order can be placed and the mate-
rials received, just before they are required for the repair. Because the
jobs can be scheduled so far in advance, production disruptions are min-
imized and less maintenance overtime will be required. The two major
areas of savings are labor (improved and more reliable scheduling) and
spare parts (forecasted demand, not stores and use as needed).
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Current Maintenance Costs

Maintenance Costs Prior to Predictive Program

This indicator can be derived by dividing the current maintenance
labor and materials costs {monthly maintenance expenditures) by the
benchmarked maintenance costs prior to starting the predictive pro-
gram. This indicator can be monitored over a rolling twelve months,
with the fowest and highest months displayed as the range.

Strengths
The indicator is useful for developing and maintaining support for
the PDM program. It helps educate the organization about the
financial benefits of predictive maintenance to the profitability of
the company. It is also useful for insuring that there is an ongoing
return on investment for the predictive maintenance activities.
Weaknesses
The only major weakness of this indicator is collecting the cost
data so that it 1s accurate enough to be accepted the organization
The data should be able to be correlated to the accounting data.

4. DECREASED BREAKDOWN FREQUENCY
This indicator examines the mean time between failure IMTBF) cal-
culation for selected critical equipment items. The effectiveness of the
PDM program is determined by having fewer equipment breakdowns.
On an equipment-by-equipment basis, the number of breakdowns is
divided by the time period, producing mean time between failure.

Number Equipment Breakdowns™™
Total Hours in Time Period

This indicator can be derived by dividing the total number of break-
downs by the total time in the examined period. The resulting ratio
(MTBF) can be reviewed over time to show the level of improvement.
If the predictive program is working, the MTBF will increase. If it does
not increase, then the predictive program needs adjusting. The time
frame to use for the calculation is equipment specific. It should depend
on the frequency of the failures upon starting the program.
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Strengths .
This indicator is useful for highlighting the impact that PDM activ-
ities have on the equipment failures. It is beneficial to use this indi-
cator to keep the predictive program effective. As long as the
MTBF is increasing the predictive program is effective. If the
MTBF decreases, then some adjustments are required.

Weaknesses .
There is no major weakness in this indicator. It should be used by

any organization utilizing a PDM program. By the time the organi-
zation reaches this level of maturity, the data collection system
should be accurate enough to develop the MTBF calculation.
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Problems with Predictive
Maintenance Programs

Predictive maintenance programs typically produce results, but
many never achieve thetull range of benefits. Why is it difficult to obtain
full predictive maintenance? The following are common problems with
PDM programs.

Insufficient Equipment Failure Data

This problem occurs when an organization has started the predictive
maintenance program without building a foundation of the maintenance
basics. The organization is not fully using the work order system and/or
the CMMS, so it does not have the data to produce the predictive pro-
gram indicators.

The solution is to go back to the basics and insure they are in place
if the predictive program is to be effective and sustainable.

Lack of Focus to the Program

This problem occurs when an organization becomes involved in pre-
dictive maintenance because of interest in the “toys of technology.” The
predictive instruments were purchased, and they were initially used on
specific problems, but a structured and disciplined program was never
implemented. Therefore the maintenance department has the tools, but
it was never trained to be proficient.

This problem is remedied only when a predictive effort is properly
scoped for the organization. This means that a study of the equipment,
its operating dynamics, and its failure modes must all be performed.
Based on the data gathered during the study, the appropriate predictive
tools are purchased to detect the equipment problems. The scope of the
program, the equipment to be included, the schedule of the inspections,
and the process for recording the data must all be defined. Once the pre-
dictive tools are purchased, extended training must be planned and
implemented for the maintenance technicians. As the predictive pro-
gram continues, adjustments are made to insure its effectiveness, based
on the indicators.
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Insufficient Training on the PDM Tools

In many companies, the permission to purchase maintenance tools is
given to several people. In some companies, if an employee needs
something, he or she buys, it; a lot of justification is not required.
However, sending someone for training or bringing some training to the
plant is another matter. The request must go through several layers of
approvals, with each one asking more questions and cutting a small
amount out of the appropriation. When the process is finished, there is
not sufficient funding to get the best training, so compromises are made
and less than optimal training is provided. With less than optimal train-
ing comes less than optimal results. The effectiveness of the predictive
program is impaired and the benefits are never realized. Management
then moves on to another program with more promise.

The only way to prevent this problem is to create the proper under-
standing of the requirements of a successful predictive program when
developing the plan. In this way, when the request for training is gener-
ated, it is already approved.

Lack of Organizational “*Buy-In”

This problem occurs when the maintenance department never really
sold the predictive program to the rest of the company. The maintenance
department personnel know what to do and what the benefits will be, but
this information is never clearly understood by the rest of the organiza-
tion. Then when the maintenance department says the equipment needs
to be taken off-line for an imminent failure, no one believes them. The
equipment then fails and the maintenance department is driven into a
reactive mode.

The only way to insure that this does not happen is to clearly com-
municate the benefits and scope of the predictive program prior to start-
ing it. Sufficient examples from other companies (usually available
from the PDM vendors) with success stories should be communicated
to the organization. Sample scenarios of what will happen in a predic-
tive program should be developed, based on others’ experiences. Then
when issues are raised, they will be easier to resolve.

Insufficient Staffing for the PDM Program
This problem is related to several of the previous issues, but begins
with a lack of a complete plan to implement the predictive maintenance

wn
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program. Without the plan, requirements are never understood. proper
staffing among them. Maintenance departments should never be asked
to do predictive maintenance instead of some other aspect of the main-
tenance program. Predictive maintenance must not be u program with
the motto “In your spare time, do this™.

When starting the PDM program, a business plan must be put
together, with resource requirements and a return on investment study.
Without this, proper staffing will always be a problem.

The Wrong PDM Tools Being Used for the Task

One cause for the wrong PDM tool being used could be that the
manager is only knowledgeable about one PDM technique. Therefore,
the sole focus of the program is on that technique. Another cause could
be cost. With a limited budget, maybe only one predictive tool could be
purchased and implemented. Whatever the reason, the predictive pro-
gram will have limited success if it has a single focus. A futher compli-
cation comes if the wrong technique is used to solve an equipment prob-
lem. The rest of the organization is observing what is taking place. If the
predictive program doesn’t work (because of using the wrong tool), then
the organization develops the attitude that all of the tools don’t work.

This problem has a simple solution: use the right tool for the right
job. While this seems easy to say, it is not always easy to do. Someone
in the organization will need a good knowledge of the various predictive
techniques available. He or she will also have to know the strengths,
weaknesses, and application of the predictive tools. Only in this way
will the right technique be used for the right problem.

Organization Is Too Reactive

The predictive maintenance program should not be introduced
before the maintenance organization is mature enough to effectively use
the tools. Suppose the maintenance organization is still performing over
20% of its work in a reactive mode. If this 1s the case, the work order
data is inaccurate. The cost data will be inaccurate. Thus, no true cost
justification or return on investment study can be conducted. Predictive
tools may be purchased, but no real structure and discipline to the pro-
gram is developed. Results will be fragmented and not sustainable.

The solution is to insure that the basics are in place and that the
maintenance organization is ready to implement predictive mainte-
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nance. If the maintenance organization is not ready, then it is highly
unlikely that the rest of the organization will be ready. Build the foun-
dation first and then mature the maintenance progrant.

Poor Foundation for PDM

The pyramid of performance indicators, seen earlier in the book,
helped show that the foundation must be in place before the predictive
program can be effective. It is mandatory for the improvement process
to be followed if the entire maintenance improvement effort is to be suc-
cessful. A flawed foundation will ultimately result in suboptimization of
the entire effort and a lack of a competitive maintenance program.

Predictive maintenance is one of the most valuable tools enabling
maintenance to make long-term plans and increase the equipment mean
time between failures. But it must always be built on a solid foundation.

Chapter 10
Reliability-Centered
Maintenance

NOTE: This chapter does not presume to define in detail Reliability-
Centered Maintenance. For a detailed approach to RCM, see the second
edition of RCM Il by John Moubray, published by Industrial Press, 1997,

Reliability-Centered Maintenance (RCM) is an evolutionary ap-
proach to equipment reliability. It focuses on the optimization of the
preventive and predictive maintenance programs to increase equipment
efficiency (uptime, performance, and quality) while minimizing the
related maintenance costs. The Reliability-Centered Maintenance
approach can be highlighted by the following decision tree:

Will the failure cause a safety, health,

or environmental issug?  —eeeees YES --- Define appropriate
f preventive and/or
NO predictive maintenance
| tasks

Will the failure cause considerable
downtime and costly lost production?  ---YES-mraeeee

NO
Will the failure cause considerable
collateral damage and be expensive - YES wvcomes
to repair? !

NO
|
Run to failure
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In the decission tree, the consequences for failure are taken into con-
sideration when evaluating the preventive and predictive maintenance
tasks. For example, if a regulatory issue such as the safety of an employ-
ee or the environment would be endangered by the failure, the preven-
tive and predictive programs would be modified in such as way that the
consequence could: ‘

be prevented by proper preventive maintenance,

be monitored by predictive techniques so that the time of the failure
could be identified and the defective component could be
changed before the failure occurred, or

be designed out by changing the equipment design to eliminate the
component that would have failed.

If the fajlure would cause a major production stoppage or process
loss, then the same process would be applied to eliminate the problem.

If the answer to the first two decision tree questions is were no, then
the last question is: Would the failure cause considerable damagg to the
equipment and be expensive to repair. If yes, then the preventive and
predictive process would be applied. ‘

If no, then run to failure is an acceptable alternative. {Run to failure
is the philosophy that equipment should be run until it breaks down
rather then having preventive maintenance performed on it.)

In reality, while appearing simple, significant analysis goes into each
step of the process. Consider the understanding of the operating dynam-
ics of the equipment that is necessary to identify the possible component
failures and all of the consequences each failure. Then consider the level
of understanding of preventive and predictive techniques to make deci-
sions about which technique would prevent or detect a failure.

Thus the reason why most RCM projects are undertaken as a team
is that no one individual has all of the knowledge to make all of the deci-
sions in the RCM process.

Since RCM is an advanced technique that should be used by organi-
zations, how is its performance monitored? The following indicators

help monitor RCM.

1. RePETITIVE EQUIPMENT FAILURES
This indicator compares the repetitive failures on critical equipment
to the total failures. The resulting percentage highlights the opportunity
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to focus on failure elimination through the RCM process, The focus
should be on critical equipment items first, but can be expanded to sec-

ond-and third-tier equipment as resources become available.

Number of Repetitive Equipment Failures”

Total Number of Equipment Failures

This indicator can be derived by dividing the number of repetitive
equipment failures by the total number of equipment failures. The
resulting percentage represents the opportunity to reduce equipment
failures through the RCM process. The indicator should be tracked by
individual equipment item, but can be rolled up to a higher line, process,
department, or area level. The information can be tracked monthly or
(for more proactive organizations) quarterly. It can be analyzed over a
rolling twelve months; it should indicate a declining percentage, based
on the improvements RCM is making in the repetitive failure rate.

Strengths
The indicator is useful for highlighting potential opportunities for
RCM analysis in the areas of repetitive equipment failures.
Weaknesses
There are two major considerations when using this indicator. First
accurate data on the equipment failures is a prerequisite before
starting the process. Second, this indicator should not be the sole
focus of the RCM effort. It is only one area in which RCM may be
useful. Other indicators will highlight the other opportunities.

2. EQUIPMENT FaiLuRes WHERE RooTt CAUSE

ANALYSIS 1S PERFORMED
This indicator compares the number of equipment failures on which
root cause analysis is performed to the total number of equipment fail-
ures. The resulting percentage highlights the opportunity to focus on
failure elimination through the RCM process. The focus should be on
critical equipment items first, but can be expanded to second-and third-
tier equipment as resources become available.

Number of Failures Where Root Cause Analysis Was Performed ™

Total Number of Equipment Failures
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This indicator can be derived by dividing the number of equipment
failures where root cause analysis was performed by the total number of
equipment failures. The resulting percentage represents the opportunity
to start the RCM process where preliminary data exists. Common root
causes can be identified and opportunities for major improvement by
addressing causes of multiple failures highlighted. The indicator should
be tracked by individual equipment item, but can be rolled up to a line,
process, department, or area level. The information can be tracked
monthly or (for more proactive organizations) quarterly. It can be ana-
lyzed over a rolling twelve months; it should indicate an increasing per-
centage as failure analysis becomes more common.

Strengths
The indicator is useful for highlighting potential opportunities for
RCM analysis in the areas of repetitive equipment failures with
COMMOonN root causes.

Weaknesses
There is only one major consideration when using this indicator.
Accurate data on the equipment failure causes is a prerequisite
before starting the process. There can be no guess work in root
cause analysis, otherwise costly mistakes will be made.

3. PM PROGRAM ACTIVITIES AUDITED
ANNUALLY FOR EFFECTIVENESS

This indicator examines the number of preventive maintenance tasks
that are audited for effectiveness each year. It compares the number of PM
tasks audited to the total number of PM tasks. This indicates the level of
preventive maintenance tasks that are actually being compared to the
equipment history and the root causes of breakdowns; it, insures that the
correct procedures are on the preventive maintenance tasks and that they
are being performed at the correct frequency.

Number of Preventive Maintenance Tasks Audited®
Total Number of Maintenance Tasks

This indicator can be derived by dividing the total number of pre-
ventive maintenance tasks audited by the total number of preventive
maintenance tasks. The result should be expressed as a percentage. It
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can be calculated annually and over a multi-year period. To be mean-
ingful, the effort would have to be ongoing for several vears.

Strengths
The indicator i1s useful for insuring that the PM program is closely
monitored. The indicator can be reviewed by craft, equipment,
area, or even department. This allows for focused efforts in the PM
program.

Weaknesses
This indicator is a lagging indicator. It could be used by dividing
the total number of preventive maintenance activities by twelve
and calculating on a monthly basis, but this is usually more effort
than it is worth.

4. PDM PROGRAM ACTIVITIES AUDITED ANNUALLY

FOR EFFECTIVENESS
This indicator examines the number of predictive maintenance tasks
that are audited for effectiveness each year. It compares the number of
PDM tasks audited to the total number of PDM tasks. This indicates the
level of tasks that are actually being compared to the equipment history
and the root causes of breakdowns; 1t insures the correct inspections are
on the predictive maintenance tasks.

Number of Predictive Maintenance Tasks Audited ™
Total Number of Predictive Maintenance Tasks

This indicator can be derived by dividing the total number of pre-
dictive maintenance tasks audited by the total number of predictive
maintenance tasks. The result should be expressed as a percentage. It
can be calculated annually and over a multi-year period. To be mean-
ingful, the effort would have to be ongoing for several years.

Strengths
The indicator is useful for insuring that the PDM program is close-
ly monitored. The indicator can be reviewed by craft, equipment,
area, or even department. This allows for focused efforts in the
PDM program.
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Weaknesses
This indicator is a lagging indicator. It could be used by dividing
the total number of predictive maintenance activities by twelve and
calculating on a monthly basis, but this is usually more effort than
it is worth.

5. SAVINGS ATTRIBUTED TO THE RCM PROGRAM

Several indicators examine the savings that are realized by the RCM
program. This series of indicators is vital to companies wanting to main-
tain the resources necessary to sustain an ongoing RCM program. As
with other parts of the maintenance program, a financial return on the
investment in the program is necessary before management will allow it
to continue. The RCM program produces a financial return in at least
these three major areas:

Equipment Uptime. Since the equipment is closely monitored by the
PM and PDM programs, there are few, if any, breakdowns and, there-
fore, maximum uptime for the plant equipment. Since the equipment is
on-line consistently, the production throughput is increased. When the
cost of the increased production is calculated, it should show a signifi-
cant return on the investment in RCM.

Equipment Capacity. In addition to increasing uptime, the RCM pro-
gram improves performance efficiency. The equipment now operates at
one set of design speeds and capacities, for instance 70% or 80% of
what the equipment was designed to produce. This leaves 20% to 30%
of the return on the asset as lost production. If this production is real-
ized, the savings can be significant. The RCM process can help to
recover this lost capacity.

Maintenance Labor Resource. By this stage of maturity, the mainte-
nance organization is not fire fighting. Savings do not come from
increased labor productivity. Instead, the savings come from eliminating
maintenance work in the form of ineffective preventive maintenance
tasks, preventive maintenance tasks that are done too often, or predic-
tive inspections that are done too often or are unnecessary.

There are no direct formulas for calculating these indicators. Each is
tracked by individual equipment item. The first step is to develop an ini-
tial benchmark of the uptime, capacity, or labor hours for the time that
the effort is initiated. Ongoing tracking would highlight the benefits
achieved in each area tracked by the indicator. The financial perfor-
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mance can be tracked for each part of the indicator; these results can
then be totaled to determine the combined savings. Because of differ-
ences in production processes and accounting procedures within com-
panies, there is no standard way to perform these calculations.

Strengths
These indicators are mandatory for developing and maintaining
organizational support for the RCM program. They can also be
useful for educating the organization about the financial benefits of
RCM and how it contributes to the profitability of the company.
These indicators also insure that there is an ongoing return on
investment for the RCM activities.

Weaknesses
The only major weakness of this indicator is collecting the cost
data so that it is accurate enough to keep the organization from
debating the data. It should be able to be correlated to the account-
ing data. Collecting the data takes a lot of effort, something that
should not be underestimated when starting data collection and
tracking.

6. REDUCTION IN REGULATORY YIOLATIONS AND
NON-CONFORMANCE

These indicators examine the reduction in regulatory violations and
nonconformance penalties from implementing the RCM program. Since
reducing unplanned failures and their impact on the operations is the
goal of RCM, regulatory issues related to consistent and safe operation
of the equipment will be dramatically reduced. The three major areas to
monitor are OSHA, EPA, and ISO-9000.

OSHA Citations: Notices Per Inspection (Current Year)
OSHA Citations: Notices Per Inspection ( Previous Year)

EPA Citations: Notices Per Inspection (Current Year)
EPA Citations: Notices Per Inspection (Previous Year)

1SO-9000: Notices of Nonconformance Per Inspection (Current Year)
ISO-9000: Notices of Noncontormance Per Inspection (Previous Year)

These indicators can be derived by comparing inspection results
from the last year to the inspection results for the current year. These
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inspections may be made by regulatory inspectors or by internal inspec-
tors. This can be analyzed over several inspections as the RCM program
remains in place over time.

Strengths
These indicators are useful for developing and maintaining support
for the RCM program. They can also be useful for educating the
organization about the regulatory benefits of RCM and the impact
it has on the business. They also help to insure continuing man-
agement support for the RCM program.

Weaknesses
The only major weakness of this indicator is the effort required to
track and collect the data.

7. EXTENSION OF EQUIPMENT LIFE AND INCREASED MTBF

This indicator examines both the Mean Time Between Failure and
the lengthening of the overall service life of the equipment. The first is
easy to track; the second more difficult. The MTBF calculation for
selected critical equipment items is identical to the calculation in the
section on predictive maintenance. On an equipment-by-equipment
basis, the number of breakdowns is divided by the time period and a
mean time between failure result is produced.

Number of Equipment Breakdowns*™*
Total Hours in Time Period

This indicator can be derived by dividing the total number of break-
downs by the total time in the examined period. The resulting ratio
(MTBF) can be analyzed over time to show the level of improvement.
If the RCM program is working, the MTBF will increase. If it does not
increase, then the RCM program needs adjusting. The time frame to use
for the calculation is equipment specific. It should depend on the fre-
guency of the failures upon starting the program.

Strengths
This indicator is useful for highlighting the impact the RCM activ-
ities have on the equipment failures. It is beneficial to use this indi-
cator to keep the RCM program effective. As long as the MTBF is
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increasing, the RCM program is effective. If the MTBFE decreases.
then some adjustments are required.

Weaknesses
The major weakness here is the ability to separate what impact the
RCM program has on the MTBF calculation independent of the
predictive program. The two are s0 closely linked, it may be diffi-
cult to determine which program is having the impact.

The extension of equipment life is more difficult to determine. The
cost to perform maintenance must be compared to the benefit gained by
avoiding failure; this measure is easier to calculate for the pfevemivé
and predictive programs. However, what is the worth of lengthening
the life of the equipment by five years? The value of de‘i'erring}he capi
ital investment must be factored. Money can be invested in other prior-
ity purchases or added to the profits for the year. Again, this area is one
where the company’s financial advisors would need to be closely con-
sulted to see what savings are achieved for the company by increasing
equipment life. '

Short-Term Insufficient Poor Training Insufficient
Equipment Staffing in RCM Equipment
Focus for Program Methodology Failure Data

\ Low RCM

NN \

Poor Reactive or Lack of Poor Resuits
Organizational| | Instant RCM | | Organization in the PM/
Discipline Efforts “Buy - In” PDM Efforts
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Reliability-Centered
Maintenance Problems

Most organizations today, outside of the airline and nuclear industry,
have no real RCM efforts in place. They may try a small project in one
place or another, but they have no real organized or structured approach
to RCM. Why is it that most companies are not successful with RCM?
The following are eight common problems leading to the lack of suc-
cess with RCM.

Insufficient Equipment Failure Data

In order for the RCM program to be effective, it needs to have his-
torical data about equipment ;
es, and the root cause of failures. Without this data, the RCM
progre m is based on guesswork. RCM is an applied engineering func-
tion. Engineering information is not successfully estimated in other
engineering disciplines; it shouldn’t be estimated in RCM either.

The reason most people want to try RCM with the equipment failure
data is that they are trying to incorporate RCM too early in the improve-
ment process. RCM is an advanced technique that is used only when
effective preventive and predictive programs are in place. In this case, a
work order system or CMMS is already collecting equipment failure
and repair data. Without these tools in place, the RCM program has vir-
tually no probability of success.

Poor Results in the PM and PDM Efforts

The preventive maintenance program has the goal of reducing the
reactive maintenance activities to less than 20% of all the maintenance
work. The predictive maintenance program has the goal of eliminating
all unplanned breakdowns. If these two programs are not producing
results, why would any company want to move on to RCM? Probably
it is trying the “flavor of the month” or playing the “alphabet soup
game”. As has been shown in the sections dealing with PM and PDM
programs, such programs are successful when they are implemented
with a disciplined approach.

If the disciplines are not in place to make the PM and PDM pro-
grams successful, how could any company think that it could be suc-

failure: the types of failures, the frequency.
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cesstul with an engineering approach to maintenance that requires
structure and discipline? In such a case, introducing an RCM program
would retlect a lack of understanding of the evolution of maintenance,
The company might also lack the organizational discipline to make any
improvement initiative successful. Concentrating on the basics and
maturing the improvement program in a focused manner will make the
RCM program successful.

Poor Training in the RCM Methodology

RCM has a structured and logical approach. It does not allow an
individual to jump around and try one piece or another. Focus is
required as is a methodology which must be learned if a company is to
be successful. There are several approaches to the RCM methodology.
Some have flexibility, whereas others are more rigid. Some require a lot
of data, others less. Some approaches are more successful in one indus-
try than another. It is up to the company to select the RCM approach that
fits its needs. However, once the approach has been decided upon, all of
the employees involved in the RCM effort should be trained to a high
degree of proficiency in the appropriate RCM techniques.

One of the major factors contributing to a lack of training is a fail-
ure to understand the complexity of RCM. If it is thought of as just
another “maintenance” thing, then the complexity may be misunder-
stood. The RCM program may be viewed like one of the many things
that maintenance does and the employees can figure it out. But with
RCM, this is not the case. The investment in training will be paid for
many times over by the RCM effort. Without the training the RCM
effort will never achieve maximum benefits for the organization.

Lack of Organizational Buy-In

This problem is related to the previous one. The lack of organiza-
tional buy-in or support is created by a lack of understanding of what
RCM really is and the benefits that can be achieved from a successful
RCM program.

There are two major issues: training and salesmanship. The training
focuses on developing the business case for RCM. What are the oppor-
tunities? What are the current losses? How much could the losses be
reduced? How much will RCM cost? These are questions that must be
answered to achieve long-term management support.
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Salesmanship involves putting the business case together in such a
manner that upper management can understand it clearly enough to sup-
port it. When selling management on the concept of RCM, remember
that few plant managers or controllers really understand what MTBF
and MTTR (Mean Time To Repair) mean. However, if you show a cost-
benefit analysis or a return-on-investment case study, then you have
their attention. Using terms and tools they understand sells the program.

Insufficient Staffing for the Program

RCM is not a spare time activity, nor is it undertaken instead of
other maintenance initiatives. It is an additional task that requires addi-
tional funding for tools and personnel. After all, it will produce addi-
tional savings. Despite current trends of not adding personnel, if the
RCM program is to be successtul, then a company will have to staff the
program. If not, the individuals performing RCM will take shortcuts and
produce less than optimal results. The return on investment that was
possible will never be realized.

Most companies would certainly spend $200,000 to make $1 million
within a year. They would line up at an investrent bank to get that deal.
The same deal exists in their plants, vet it isn’t even advertised. What
the companies must do is change their thinking about staffing levels.

Reactive or Instant RCM Efforts

This problem arises after a company experiences a failure on a piece
of equipment and someone reads an article about how RCM solved
another company’s problem with breakdowns. The person and the com-
pany then get hooked on the term reliability, but never understand it. All
they know is that it might be the “silver bullet” that will solve the prob-
lem. RCM is not a silver bullet. It is however, a valuable tool, especial-
ly when coupled with a disciplined maintenance improvement program.

Anyone who thinks RCM is a quick fix or a short-term effort should
remember that a full maintenance improvement program takes an orga-
nization from reactive to world class maintenance. This journey takes
three to five years with no successtul shortcuts. It takes this long to learn
the discipline and to change organizational patterns.

Short-Term Equipment Focus
This problem occurs when individuals in the organization lack tech-
nical insight and do not understand the true life cycle of their equipment
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and related components. This lack of understanding leads to perspec-
tives such as “This one lasted longer than the last one. So our V-belts
wear out every six months; we think that’s pretty good! Those bearings
actually lasted two months this time”. The real guestions should b;:
What is the design life of these basic components? Are companies real-
ly getting the full life out of the components or are they just glad they
lasted as long as they did? ) )

For companies to be successful with RCM, they must understand
that their equipment can last longer than it currently does before it
breaks or wears so much that it must be changed. They need to be con-
cerned with how to make equipment last longer and perform better.
Companies willing to use up, wear out, or accept substandard perfor-
mance from their equipment will not survive in today’s competitive
environment.

Poor Organizational Discipline

This problem is related to lack of focus. The organization needs to
be so focused on its vision, the improvement plan and the implementa-
tion methodology needed to achieve its goals, that it can not be dis-
tracted. Today a lot of management changes are made as people come
and go from an organization. These changes can cause a lack of focus
or vision. The relentless management changes in some companies
inspired the term bungee manager. With this type of turnover, the orga-
nization develops the attitude, “ We don’t like these changes; let’s ‘v‘\;lit
a while and a new manager will replace this one; maybe we will like his
or her ideas better”.
) The organization never develops the discipline to stick to any
improvement methodology. Any improvement effort is not in place long
enough to become ingrained in the company’s culture. Thus, no C()mmi;
ment develops and long-term improvements are never made. Strong,
committed leadership is critical to developing a disciplined and focused
organization.



Chapter 11
Total Productive Maintenance

This chapter examines one of the most misunderstood and misap-
plied concepts in modern organizations. Total productive maintenance is
not as much a maintenance initiative or improvement program as it is a
strategic operational philosophy.

Total productive maintenance (TPM) mvolves everyone in the orga-
nization, from operators to top management, in equipment improve-
ment.

Equipment improvement does not mean just incremental improve-
ments, but also optimum utilization of the equipment. The goal is to
eliminate all equipment losses. There are many theories on the exact
types of equipment losses, but the basic six to eliminate are:

breakdowns

set-up and adjustment losses

idling and minor stoppage losses

start-up and shutdown losses

reduced speed or capacity losses

quality defects or rework

Eliminating these losses from the equipment operation insures max-
imum overall equipment efficiency. However, eliminating these losses
is beyond the ability of any one department. This is the reason why TPM
is an operational philosophy; all departments that in some manner
impact the utilization of the equipment are involved and must be part of
the TPM program. The figure on the next page illustrates the TPM phi-
losophy.

All departments must focus on how they impact the equipment. The
diagram is the same one used to tllustrate the Total Quality Management
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(TQM) process, with the exception that, instead of focusing on the prod-
uct, TPM focuses on the equipment. In fact, companies that were suc-
cessful with the TQM process are usually successful with the TPM
process. However, those companies that typically had difficulties with
TQM, also have difficulty with TPM.

Currently, one of the biggest problems facing TPM is one that creat-
ed problems for TQM as well: downsizing. Downsizing undermines
employee motivation, which is a critical success factor for TPM imple-
mentation and continuance. If there are not sufficient, highly-motivated
and highly-skilled employees involved, TPM has little chance of suc-
ceeding.

If TPM is an operational philosophy, then what are the goals and
objectives for the process? There is really one goal and four supporﬁng
initiatives. The goal is to continuously improve equipment effective-
ness. The company wants to insure that nowhere in the world does any
other company have the same equipment or processes that it has or is
able to get more throughput out of its equipment or processes than the
company can. Otherwise, the competitor will be the low-cost producer,
leaving the company in second place.

A common illustration compares a company’s equipment and
processes with a NASCAR racing team. In a NASCAR event, all ()f the
cars are basically the same, similar to a company and its competitors
having the same equipment. The winner is determined by how the team
(pit crew, design engineers, driver, fabrication technicians, etc.) all work
together and focus on winning the race. The low-cost producer in com-
petitive markets today is determined by how the organization works
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together and focuses on getting more out of the same assets as its com-
petitors. This focus is the philosophy of TPM.
The philosophy is supported by four improvement activities:
1. Improve maintenance efficiency and effectiveness.
2. Focus on early equipment management and maintenance
prevention.
3. Train to improve the skills of all personnel involved.
4. Involve the operators in some daily maintenance on their
equipment.

Improving maintenance efficiency and effectiveness insures that the
maintenance department is as effective and efficient as a NASCAR pit
crew. The performance of a pit crew ts measured in tenths of a second.
Any wasted time during a pit stop, as little as one tenth of a second, can
mean the difference between winning and losing. Every tenth of a sec-
ond crossing the finish line represents two car lengths. Races are won
and lost every season by two car lengths, How much time do a compa-
ny's maintenance crews waste each day? It is enough to make a differ-
ence in profit or loss to the bottom line?

Focusing on early equipment management and maintenance preven-
tion means examining equipment for ways to make it more maintainable
or to eliminate the maintenance activity completely. New automobiles
are the best example of this activity. Compared to the models of the
1970s, the cars need less maintenance (tune-ups), yet performance was
not sacrificed. Design changes were made based on engineering studies.
The same can apply with production equipment in plants today.
Engineering studies can be made to find better materials, methods, and
even ways to make maintenance faster to perform.

Training has been mentioned in an earlier chapter. It is critical to
train employees for the new tasks that they will be performing. Without
training, the tasks will be performed partially or incorrectly. This leads
to poor results and may actually create equipment problems. Any time
operators are asked to perform new tasks, they must be trained.

Involving the operators in some daily maintenance on their equip-
ment, as mentioned previously, relieves some of the maintenance techni-
cians’ time to concentrate on higher-level activities. However, the focus
here is also to involve the operators in tasks that make the equipment per-
form better. Again, the focus on continuously improving equipment
effectiveness must never be lost when defining the task for operators.
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Since TPM really is an operating philosophy, what are some of 1its
performance measures? The following are some suggested indicators.

1. OEE TRACKED ON CRITICAL EQUIPMENT?

The overall equipment effectiveness (OEE) is the main beachmark
for any TPM process. If the real goal of TPM is to continuously improve
equipment effectiveness, it only makes sense that the main indicator
measures equipment effectiveness. The OEE compares the equipment
availability, performance efficiency, and quality rate. The formula is as
follows:

Avaifability = —ﬂi—owﬁuﬁg— (should be at least 90%)

Scheduled Time

i

Actual Qutput for

Scheduled Time
Performance Efficiency = ittt (should be at least 95%)

Design Qutput for
Scheduled Time

Total Production minus

bt «
Defects or ewor (should be at least 99%)

Quality Rate

i

Total Production

Goal for Overall Equipment Effectivess: 90% x 95% x 99% = 85%

The first three formulas represent the goals for the individual com-
ponents of the OEE. The goal for the OEE itself, which is found by mul-
tiplying the three percentages together, is 85%. There are many factors
that go beyond the scope of this presentation. This indicator is so flexi-
ble that it can be used for daily, weekly, and even monthly time periods
for its calculation.

Strengths N
This indicator is necessary for any company beginning a TPM in1-
tiative.

Weaknesses
The indicator has no weaknesses, except for misuse. The calcula-
tion was originally intended for the operators and maintenance per-
sonnel to use to track their progress improving the equipment. To
be effective this indicator must focus on equipment, not the plant,
department, or area. Other uses are to often drawn up by consul-
tants wanting to build a new market for themselves.
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2. EARLY EQUIPMENT MANAGEMENT & MAINTENANCE PREVENTION

This indicator examines the percentage of critical equipment that has
been or is currently being studied for opportunities to make design
improvements. These improvements might reduce the maintenance
requirements or reduce the time needed to perform maintenance on the
equipment.

Critical Equipment items Covered by Design Studies”
Total Number of Critical Equipment ltems

This indicator 1s derived by taking the number of ¢ritical equipment
items covered by the design improvement studies and dividing by the
total number of critical equipment items. The goal is 100%. When all
other activities have been optimized on the equipment, the design stud-
ies can highlight even further opportunities for improvement.
Strengths
This indicator is essential for any company striving to insure max-
imum equipment effectiveness. All things being equal, changing
the design to increase throughput may make the final competitive
difference.

Weaknesses
There is no major weakness to this indicator.

3. 5 §’s PracticeD ON CRITICAL EQUIPMENT
This indicator examines the percentage of critical equipment that has
been or is currently included in the 5 § program. These activities focus
on cleaning and organizing the workplace. They uncover ways to make
the workplace more efficient or uncover problems with equipment,
since clean equipment is easier to inspect.

Critical Equipment Items Covered by § S Activites ™
Total Number of Critical Equipment ltems

This indicator is derived by taking the number of critical equipment
items covered by the 5 S activities and dividing by the total number of
critical equipment items. The goal is 100%. These activities can high-
light basic opportunities for improvement. They should never be over-
looked, since they are usually low cost and can produce some good cost
benefits.
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Strengths
This indicator is essential for any company striving to insure good
employee involvement. The activities are basic in nature, but give
everyone a chance to be involved. The indicator insures that no
equipment is missed or no operators are left out of the activities.
Weaknesses
The major weakness of this indicator is that it may cause some to
focus too much on just cleaning and organizing. This is a trap that
some companies have been led into by those who think cleaning is
all the improvement their equipment requires. It certainly is a good
place to start, but not to stop.

4. SAVINGS ATTRIBUTED TO TPM EFFORTS

This indicator is calculated by quantifying the increase in overall
equipment effectiveness. For example, if the OEE increases from 45%
t0 55%, how much additional product is made or processed? Maybe it
is 5,000 more plastic cases at a value of $10 each. This represents
$50,000 worth of additional product. Does the market exist to sell the
additional items or are sales tied to a fixed contract? Such issues impact
the true value to the company of the increased production. Perhaps the
only benefit is that the product is produced at a lower cost due to the
increased efficiency. However, maybe the market demand does exist for
the product and every additional part that is made can be sold. In either
case, the study needs to be made and the savings needs to be calculated.
The two major areas to examine are increased capacity and increased
quality.

While the OEE is the real indicator, the results need to be converted
to dollars. Then on a weekly or, at most, a monthly basis, the improve-
ment results need to be reviewed (in dollars) and posted at the equip-
ment where the employees can see the results of their efforts. This form
of recognition motivates and stimulates individuals to look for even
more improvement opportunities.

5. DecreasiNG CosT OF PRODUCTION

(MANUFACTURING) PER UNIT
This indicator is closely tied to the previous one. Instead of being
able to sell the additional capacity that is generated from the TPM
effort, some companies focus on lowering the cost to produce. This
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approach is generally used by companies with fixed markets. In such
cases, the profit margin is still impacted positively since the cost to pro-
duce is an expense. The expense avoidance, or cost reduction, is con-
verted to profit on a dollar-for-dollar basis.

Tracking the cost to produce on a weekly basis and reviewing it over
rolling twelve-month window can provide some interesting stimulation
for managers interested in improving the company’s profits.

6. ABSENTEEISM

Absenteeism is a good indicator of employee morale. If a work force
is highly motivated, they are more participative and productive. If they
are not motivated, but almost adversarial, they tend not to be as produc-
tive. High absenteeism tends to indicate lower morale. Low absenteeism
tends to indicate higher morale. The indicators are total hours absent
and total hours scheduled.

This indicator is derived by dividing the total hours absent by the
total hours scheduled.

Strengths
This indicator is good for any company to monitor, not Just for
morale but also for organizational efficiency.

Weaknesses
There are factors that lead to absenteeism other than low morale.
These factors could impact the indicator and lead to false conclu-

sions.
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Problems with TPM

Most organizations today have partial or unfocused TPM efforts.
They may have operational involvement, but lack the OEE focus.
Conversely, they may track OEE, but don’t perform root cause analysis
to solve equipment problems permanently. The follow eight common
problems underlie the lack of success with TPM.

Initiated as Part of a Downsizing Effort

Some organizations view TPM as a way to get operators involved in
maintenance so that in time some of the maintenance personnel can be
furloughed. This approach to TPM creates distrust among the work-
force; the motivation that is required to make TPM successful is never
generated. After all, how many people want to suggest themselves out
of a job?

This problem is overcome only when the organization has the cor-
rect understanding that TPM is not a downsizing initiative. The focus of
TPM is continual improvement of the equipment. If workforce reduc-
tion is the goal of the company, it should not try to start TPM; it will fail.

Insufficient Workforce Training

TPM requires the maintenance and operations personnel to come up
with ideas of how to improve their equipment. In many cases, the equip-
ment is increasingly technical. Since the equipment technology is
increasing in complexity, the knowledge and skills of the individuals
involved in TPM have to increase as well. Unless the proper training is
required for those involved, few, if any, benefits will result.

Trying to Copy Another Company

TPM is not a “copycat” program. It is not implemented the same
way in each company since there are variables that make each company
unique. Some of these variables include skill levels of the employees,
type of equipment or processes, type of operation (continuous or batch),
operator-to-machine ratio, and work culture.

If the companies have differences and the TPM effort is copied, then
TPM won’t fit. It is only when a company examines its own equipment
and decides what it needs to do for itself to make it more effective that
TPM is truly successful.
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Lack of Maintenance Basics

TPM is built around doing the basics right. In fact, studies have
shown that almost one-half of all equipment breakdowns in a plant are
related to the basics of maintenance, such as cleaning, inspecting, lubri-
cating, and proper fastening procedures. [f the basics are neglected, then
the results are never realized, since the TPM process is built on a flawed
foundation.

Lack of a Critical Equipment OEE Focus

This problem illustrates the expression “a mile wide, but only an
inch deep”. Sometimes the resources in the plant involved in TPM are
spread too thin, trying to do too much. When this happens, the results
are small and have no major impact on plant or equipment throughput.
Without the hard, tangible results, the TPM effort loses momentum and
ultimately fails.

The focus of the TPM program, particularly during the early stages,
must be on the critical, bottleneck, or constraint equipment, Unless this
is the case, the results are not noticeable and the TPM initiative never
produces quantifiable results. Without results, the TPM resources are
deployed in other company initiatives that are producing results.

Work Culture Not Evolved Properly

Work culture is an issue in some plants that may have had adversar-
ial workforce-management relations in the past. It takes time and effort
on the part of both sides to rebuild the trust and mutual understanding
that is necessary for TPM to be successful. If either the workforce or
management feel that the other has a hidden agenda in implementing
TPM, then the mutual trust and cooperation will not develop.

Only by developing a common focus on improving equipment effec-
tiveness and to be the best will the proper work culture and cooperation
ever develop.

Lack of Changing the Rewards and Recognition Systems

If the company does not change the reward and recognition system
to reflect the new focus that TPM provides, then the new behavior is not
reinforced. Without the old behaviors in the plant changed, it is only a
matter of time until everyone goes back to the old way of doing things.
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If having operators involved in some daily maintenance on their
equipment is valued, then the company must find a way to reward it. If
having maintenance technicians conduct more predictive and reliability
analysis on the plant equipment is valued, then the company must find
a way to reward it. Most companies have always rewarded its heroes, in
this case, those individuals who can quickly fix the equipment or those
who can make it run (even if at less than design speed) until the end of
the shift. If this behavior is rewarded, then this behavior is what the
company will receive. However, if proactive and reliability work is what
is valued, then the reward and recognition system must also be changed
to reflect these priorities.

Lack of Management Knowledge of TPM

This problem is created when management does not know what
TPM really is, what resources are involved, and what changes are nec-
essary to implement it in a plant or facility. In some companies, man-
agement takes the “fairy godmother” approach to implementing TPM.
It comes into a room, waves its magic wand over the group, blesses the
TPM initiative, and then leaves the room, believing that this is all it
needs to do to make the TPM effort successful.

The way to overcome this problem is training and education about
what TPM is and what it isn’t. This training is best done with mixed
groups of upper, middle, and first-line management together and trained
in TPM with the hourly workforce. This approach insures that everyone
in the organization hears the same message, understands the issues,
asks questions, and gets the answers in front of coworkers. Thus, any
miscommunication and misunderstanding of the TPM concepts are pre-
vented.

Chapter 12
Statistical Financial

Optimization

. This chapter covers a hybrid technique that blends statistical tech-
niques with financial methodologies, allowing the most cost-effective
solutions to be derived for a company’s asset management policies. The
concepts are based on quantifying maintainability and reliability calcu-
lations in financial terms. Some of the areas in which this technique can
be applied include:

Setting preventive maintenance inspection schedules
Age replacement policies

Preventive maintenance block replacement policies
Capital equipment replacement policies

Equipment overhaul policies

Critical spares stocking levels

Routine spares stocking levels

The first five of these are related to maintenance policies and sched-
ules. Even a company that has followed the stops of maintenance
improvement is still making its decisions intuitively, supplemented by
RCM data. However, the decisions are probably not being made based
on the financial impact they have on the total company. The RCM
process has not considered this aspect of reliability principles. For
nstance, the MTBF (Mean Time Between Failure) may be known from
an RCM analysis, but the following questions are not addressed by
RCM:

What is the cost to prevent the failure?

(preventive maintenance labor and materials )

What is the cost when equipment fails?

{repair costs and lost production costs)
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What is the correct number of spare parts to keep in stock to insure
availability when required? '
(holding costs, storage costs, and stores labor costs, compared to the downtime
costs for the stock out)
For routine spare parts, what is the reorder point: o
(holding costs, storage costs, stores fabor costs, and discounted prices for quan-
tity orders, compared to the downtime costs for the stock out)

In these areas the RCM tools fall short. These areas also highlight
why statistical financial optimization is implement'ed gfter TPM. The
optimization takes data from all parts of the organization (RCM from
maintenance and engineering, stores costs from inventory and procure-
ment, downtime costs from operations, and overhead and labor costs
from accounting). Unless the organization has progressed through the
levels described in the decision tree, it is not likely to have the maturity
and focus needed to utilize the optimization techniques.

It is beyond the scope of this text to detail the various formulas uti-
lized in the statistical optimization process; however for reference pur-
poses, they are found in most maintainability, reliability, and opera-
tional engineering textbooks.

There are also engineering software packages that perform the math-
ematical calculations for statistical financial optimization.

Some of the indicators used to evaluate the effectiveness of the sta-
tistical financial optimization process follow.

1. StATISTICAL FINANCIAL OPTIMIZATION IMPLEMENTED ON

CriTicAL EQUIPMENT MAINTENANCE TASKS

This indicator examines the number of critical equipment mainte-
nance tasks that are audited for financial effectiveness each year. It com-
pares this number to the total number of critical equipment maintengnce
tasks, indicating the level of tasks that are actually being financially
optimized each year. It is important to review these decisions annually
since cost data, such as downtime (due to market changes), can vary
periodically. In addition, parts costs increase, lead times change, and so
forth. Annual analysis insures financial optimization.
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Number of Critical Equipment Maintenance Tasks Audited "

Total Number of Critical Equipment Maintenance Tasks

This indicator can be derived by dividing the total number of critical
equipment maintenance tasks audited by the total number of critical
equipment maintenance tasks. The result should be expressed as a per-
centage. This can be calculated annually and reviewed over a multiyear
period.

Strengths
The indicator is useful for insuring that the statistical financial opti-
mization program is closely monitored.

Weaknesses
The only major weakness is the availability of accurate data. The
most serious mistake would be to guess any of these numbers. If
the data is not available, it is best to consider an alternative tech-
nique.

2. STATISTICAL FINANCIAL OPTIMIZATION |MPLEMENTED ON

CRriTicAL EQUIPMENT MAJOR SPARES STOCKING POLICIES

This indicator examines the number of critical equipment major
spare parts that are audited for financial effectiveness each year. It com-
pares this number to the total number of critical equipment spare patts,
indicating the level of parts that are actually being financially optimized
each year. It is important to review these decisions annually since cost
data, such as downtime (due to market changes), can vary periodically.
In addition, parts costs increase, lead times change, and so forth. Annual
analysis insures financial optimization.

Number of Critical Equipment Major Spare Parts Audited ”
Total Number of Critical Equipment Major Spare Parts

This indicator can be derived by dividing the total number of critical
equipment maintenance major spare parts audited by the total number
of critical equipment maintenance major spare parts. The result should
be expressed as a percentage. This can be calculated annually and
reviewed over a multiyear period.
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Strengths
The indicator is useful for insuring that the statistical financial opti-
mization program is closely monitored.

Weaknesses
The only major weakness is the availability of accurate data. The
most serious mistake would be to guess any of these numbers. If
the data is not available, it is best to consider an alternative tech-
nique.

3., STATISTICAL FINANCIAL OPTIMIZATION IMPLEMENTED ON
CRITICAL EQUIPMENT ROUTINE SPARE PARTS STOCKING POLICIES

This indicator examines the number of critical equipment routine
spare parts policies that are audited for financial effectiveness each year.
It compares the number of critical equipment routine spare parts audit-
ed to the total number of critical equipment routine spare parts, indicat-
ing the percentage of critical equipment routine spare parts that are actu-
ally being financially optimized each year. It is important to review these
decisions annually since cost data such as downtime (due to market changes) can
vary periodically. In addition parts costs increase, lead times change, and so forth.
Annual analysis insures financial optimization.

Number of Critical Equipment Routine Spare Parts Policies Audited”
Total Number of Critical Equipment Routine Spare Parts

This indicator can be derived by dividing the total number of critical
equipment routine spare parts policies audited by the total number of
critical equipment routine spare parts. The result should be expressed as
a percentage. This can be calculated annually and monitored over a mul-

tiyear period.

Strengths
The indicator is useful for insuring that the statistical financial opti-

mization program is closely monitored.

Weaknesses
The only major weakness is the availability of accurate data. The

most serious mistake would be to guess any of these numbers. If
the data is not available, it is best to consider an alternative tech-

nique.
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4. STATISTICAL FINANCIAL OPTIMIZATION SAVINGS GENERATED
THROUGH CHANGES IN EQUIPMENT MANAGEMENT POLICIES
This indicator calculates the total savings from all statistical finan-

cial optimization studies. These savings will help an organization focus
on continuously improving its equipment management policies since
the financial rewards are always highlighted. The indicator has no real
formula; it is merely totaling all of the statistical financial optimization
studies conducted throughout the company. The results should be cal-
culated annually and reviewed over a multiyear period.

Strengths
The indicator is useful for insuring that the cost benefits of statis-
tical financial optimization program are closely monitored.
Weaknesses
The only major weakness is the difficulty of collecting all of the
data when multiple groups are performing the analysis.

Lack of Fi it
Lack of Proper agpt‘i’miz'gigﬁ’a’ Poor Lack of
Communication Skills and Financial Production/
Between Depts. Training Data Process Data

Low
Statistical

Financial
Optimization
Indicators

L
Short-Term 1, ack of Lack of Lack of
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9 Und : Focused | | Equipment
Eocus nderstanding Effort
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Problems with Statistical Financial
Optimization

The techniques of statistical financial optimization are valuable, yet
they are not utilized by many organizations. The following problems are
the most common reasons.

Lack of Production and Process Data

In many companies today, the production and process data is not
kept in enough detail. Even companies with extensive distributed
process control systems in place find that flow rates, operating speeds,
and operating efficiencies are not closely monitored and reviewed over
time. For instance, the actual sensors on the equipment might not be
working or even be electrically connected. In this case, the accurate data
required to study the impact of falling flows and pressures on process is
not available.

If the problem of falling efficiencies over time compared to the cost
of lost throughput was financially optimized, then the data would be
invalid. Any decision to repair, replace, or overhaul would be invalid.
The production data play a critical role in most calculations. Without it,
there is little chance of accurate results. The only solution is to dedicate
the resources to accurately monitor and record the production or process
data.

Lack of Equipment Costs Data

This data is the information typically found in the equipment histo-
ry. It contains the labor, material, and other costs associated with the
maintenance of the equipment. If this data is not accurate, it indicates a
problem with the data collection discipline in the organization.
Furthermore, the analysis using the data will also be inaccurate. The
only solution to the lack of equipment data is to go back and enforce the
basics of data collection. The disciplines must be developed and

enforced.
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Poor Financial Data

The finance and accounting departments typically keep the relevant
financial data. This information includes the original purchase price of
the equipment, the current value of the equipment, the replacement
value of the equipment, and, possibly, the cost of downtime or lost pro-
duction. If this data is inaccurate or unavailable, then financial opti-
mization cannot be performed.

Another problem in organizations that have not matured to world
class levels is the lack of sharing data between departments. In compa-
nies where the value of data has not yet been understood by all depart-
ments, there are financial departments that refuse to provide downtime
costs or to fairly calculate the cost of lost production. In these compa-
nies, the educational process needs to be developed to insure a clear
understanding of the costs involved in equipment failures or inefficien-
cies.

If a company is at a level of maturity that it is utilizing statistical
financial optimization, then the issue of not sharing data should never
be a problem. If, however, sharing data is a problem, then the company
is not ready to use the optimization tools.

Lack of Focused Efforts

This problem arises with a company just starting the statistical finan-
cial optimization program. The individuals performing the analysis
might persue simply what they perceive as the largest opportunity. This
lack of discipline dilutes the resources and produces fragmented results.
It also creates problems, since the total analysis skills have not been
developed. As the analysts work on problems, they make errors because
they are not comnmunicating with each other. The mistakes go undetect-
ed and the savings from the analysis are less than optimum.

The solution is for the individuals to stay focused and work as a team
until both the analysts’ skills and a complete plan for the analysis are
fully developed.

Lack of Financial Optimization Skills and Training

Proper training in maintainability, reliability, and financial concepts
must be provided to for anyone doing any of the statistical financial
optimization analysis. If the skills are not properly developed, mistakes
will be made. These mistakes will cost the company substantial amounts
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since operational policies are being changed based on the erroneous
analysis.

Lack of Management Understanding and Support

This problem is related to the previous one in that education is crit-
ical. This does not mean that upper management will need to go through
the detailed technical training, although they could if they want to invest
the time. However, they do need training to the level that they under-
stand the costs of statistical financial optimization and the benefits that
will be achieved by properly using the tools. Without this training, the
support required to change policies is never developed and the program
fails due to the lack of support.

Lack of Proper Communication Between Departments

A communication problem should not exist if an organization is at
the level of maturity that it is considering statistical financial optimiza-
tion. In the chapter on Total Productive Maintenance, the diagram show-
ing the focus on the equipment highlighted the need for each department
to communicate with the others to maximize the equipment effective-
ness.

Short-Term Management Focus

This problem of focus is actually created by our financial systeims,
starting with Wall Street. Investors expect quarter-to-quarter earnings
increases. However, some equipment improvement programs require an
initial investment that is not paid back for six to twelve months. If a
company does not have the resources to invest in the improvement pro-
gram, then the profits suffer and the stock value drops. On the other
hand, if the investment is not made, the company starts a long-term
downward spiral, since the technical decisions and improvements can-
not be made.

There is no short-term easy solution to this problem. The only real
solution is to be able to convince the stockholders that the improvement
initiative is an investment. Like any other investment, it has a payback
period. If this can be clearly communicated to the stockholders, then the
problem may diminish. If so, then the next real challenge will be to

insure the payback.
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Ché ter 13
Continuous Improvement

PERFORMANCE INDICATORS AND BENCHMARKING

Continuous improvement is the process of never accepting the status
quo of an organization. It is the ongoing challenge to look for incre-
mental improvement that can be made to increase the company’s com-
petitiveness. Continuous improvement is focused on improving the
company’s internal capabilities and capacities. These activities take
place in a dynamic, ever-changing business environment. Any continu-
ous improvement activity should be considered in light of what impact
it will have on the customer and how it helps to differentiate the com-
pany from its competitors.

One of the most effective continuous improvement tools for mainte-
nance is benchmarking. In short, benchmarking is the ongoing process
of a company comparing itself with another company anywhere in the
world that is considered the best and then taking knowledge gained to
continually improve. Once an improvement is made, the process starts
over again.

LESSONS LEARNED FROM BENCHMARKING
1. Identifying performance indicators for each functional process
is essential for any benchmarking. This is the key to under
standing the relationship between benchmarking and perfor-
mance indicators. Benchmarking projects cannot be quantified
unless the performance is measured and the improvements
are tracked.
It is difficult to find hard measures for soft areas. Utilizing tools
such as process mapping and maturity grids requires consider-
able effort. If something can’t be measured, it can’t be man-

&
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aged. Soft areas are difficult to quantitatively measure, there
fore, improvements are difficult to track.

3. All information needs to be evaluated for applicability to each
organization. Adaptation is a critical skill. No two organi-
zations are exactly alike. Workers must be able to take what
they learn during benchmarking,then adapt and apply it to their
their organization.

4.  Benchmarking is a systematic and continuous process that,
once started, never stops. This is why it is part of
continuous improvement.

BENCHMARKING STEPS

1. Understanding your organization. The self analysis can use
performance indicators as a starting measurement.

2. Identifying partners. Who does it the best? A company’s per-
formance indicators should be compared to a competitor’s per-
formance indicators.

3. Analyzing differences. Apples to apples: an in-depth compari-
son with a competitor’s indicators is made by actually looking
at the calculations and where the numbers come from.

4. Developing and implementing improvements. The implemen-
tation plan is developed by adapting and applying the informa-
tion to the organization in order to make improvements.

5. Evaluating and quantifying results. The improvements are
measured by monitoring the change in the performance indica
tor. The functional and financial impact will be seen in the com
pany’s profits.

6. Starting over. Continuous improvement calls for finding the
next area for improvement and starting the process over again.

This flow for a benchmarking project highlights the relationship
between performance indicators and the benchmarking comparison
process. The performance indicators highlight the process or those
parts that need improvement. They can be remotely compared to others
to identify which one is the best in the process (or part) that needs
improvement. The starting performance indicator can then be used to
quantify the improvements as they are made.
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The performance indicators are the key to the continuous improve-
ment process. All of the material in this book builds to this point.

[t performance indicators are to be used for continuous improve-
ment, what are some of the indicators which show that improvements
are being made by the organization? The performance indicator used to
track the process would be the primary indicator.

The following indicators should be used as general indicators to
show the organizational attitude toward continuous improvement.

1. SAVINGS REALIZED FROM IMPROVEMENTS IMPLEMENTED BY

EMPLOYEE SUGGESTIONS

This indicator examines the savings realized by employee sugges-
tions. It is vital to companies wanting to gauge the effectiveness of their
employee involvement activities. As with other aspects of improvement,
a financial return on the investment in the program should be able to be
shown. If not, then it will be necessary to investigate how to improve the
suggestion program to make it more effective.

There is no direct formula for calculating this indicator. It is simply
the total cost savings that have been achieved due to employee sugges-
tions that have been implemented.

Strengths
The indicator is useful for tracking the benefits realized by employee
suggestions and involvement. It is also beneficial for helping to
motivate employees; they can clearly see their successes and con-
tributions.

Weaknesses
The only major weakness to this indicator is collecting the data so
that the benefits of employee involvement can be clearly seen.

2. SAVINGS REALIZED FROM IMPROVEMENTS IMPLEMENTED

BENCHMARKING ACTIVITIES
This indicator examines the savings realized by implementing
improvements identified during benchmarking activities. The indicator
Is vital to companies wanting to monitor the effectiveness of their
benchmarking activities. A financial return on the investment in bench-
marking should be shown. If not, then it will be necessary to find the
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Weaknesses
The only major weakness is quantifying the benefits. The tracking
- . , . =
which may need to be supported with the cost-benefit results, may

problem. Benchmarking projects should produce results.
There is no direct formula for calculating this indicator. It is simply
the total cost savings that have been achieved due to the benchmarking

efforts. It may be that the improvement in the benchmarked perfor-
mance indicator can be used to track the benefits.

Strengths
The indicator is useful for tracking the benefits realized by bench-
marking projects. It can help foster support in the company for
benchmarking projects when they are properly quantified.
Weaknesses

be more difficult to obtain.

There are no major weaknesses to using this indicator. The bene-
fits should have been quantified as part of the benchmarking pro- Short -Term Lack of _ Not Only Using
. . Resuits Foc Viewing As -
ject; thus, data collection should not be a problem. us on Ongo Competitive
Expected Business ngoing ,
; Effort Analysis
3. CriticaL EQUIPMENT INVOLVED IN THE CONTINUOUS
IMPROVEMENT EFFORT | \ Low
This indicator examines the percentage of critical equipment items ; Continuous
that have been impacted as part of continuous improvement process. It ; Improvement
compares the number of affected critical equipment items to the total ‘ Indicators
number of critical equipment items. This percentage indicates the level Lack of Not
~ . . g - " . {
of continuous improvement efforts that are focused on critical equip- I Common No True L'?‘C,k Of, Analyzing
.. ) . . . Performan Management| | Training in
ment. It is important to review the focus of the continuous improvement " ance | Gommitment Cl Tools the Best
program annually to insure the maximum benefits from the efforts. easures Companies

Number of Critical Equipment Items with Continuous Improvement Activities *
Total Number of Critical Equipment ltems

This indicator can be derived by taking the total number of critical
equipment maintenance items on which continuous improvement (CT)
activities were performed and dividing by the total number of critical
equipment items. The result should be expressed as a percentage. This
indicator can be calculated annually and analyzed over a multiyear
period.

Strengths
The indicator is useful for insuring the monitoring of the continu-
ous improvement program.
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Problems for Continuous improvement
Activities

The following problems are common to continuous improvement

= . .
efforts. While the majority focus on problems with benchmarking pro-
grams, most have application to all forms of continuous improvement.

Only Using Competitive Analysis ‘

This problem occurs when a continuous improvement eﬁort focuses
on doing only what competitors are doing. Some companies want to
benchmark only with their competitors. In reality, major improvement
often comes when a company goes outside its industry, finds a best
practice, and then is the first to adapt it to its industry. If .companies only
chase their competitors, there will only be incremental 1mpr0vements..

In continuous improvement, companies must look beyond their
competitors.

Not Analyzing the Best Companies

In some continuous improvement efforts, and especially bench-
marking, some companies pick up the local telephone boqk to find some
company to visit and observe. This approach is not effective, especially
in benchmarking. How would a company know if the other company
was good, average, or bad? What would it hope to learn ‘from them?
When starting a continuous improvement program, especially ben‘ch—
marking, a company must always focus on others with the best practice,
not simply those companies that are conveniently located.

Not Viewing as an Ongoing Effort

Some companies talk about having done benchmarking. When asked
about the results, they point to a three-ring binder on the bookshelf as
the result of the study. They have the data, but they never did anything
with it. The benchmarking effort failed because the effort was viewed as
a one-time information gathering activity. The way to overcome this
problem is to start with education on what benchmarking is and what
improvements are going to result from the effort.
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Lack of Training in the Continuous Improvement Tools
There are numerous continuous improvement tracking and monitor-

ing tools available. They include:

affinity diagrams,

matrix diagrams,

force-field diagrams,

cause and effect diagrams,

tree diagrams,

process flow charts,

scatter diagrams, and

histograms.

No one may use all of these types of diagrams, but the list highlights
how many continuous improvement tools are available. For continuous
improvement projects to be successful, the right tools must be used at
the right time. Proper training is the answer to this problem.

Lack of Focus on the Business

This problems occurs when a continuous improvement effort is not
connected to the business. There is no clearly defined business reason
for the project. This leads the project team into activities that are inter-
esting, but not necessary. Examples are painting the worker’s lunch
area, relandscaping the front of the building, or rearranging offices.
While these may improve morale, they are not focused on the business.
Surveys have shown that seven out of ten teams fail to produce the
results the team was formed to produce. The main reasons were lack of
focus on the business and lack of proper training. Having a business
focus in the continuous improvement process is important to the success
of continuous improvement.

No True Management Commitment

This problem occurs when continuous improvement activities are
part of a program-of-the-month type of management. The program may
be the latest thing someone read about in a magazine or book and, as a
result, the company is going to get into some type of continuous
improvement or benchmarking program. As soon as the cost of a pro-
ject is truly understood, managers look for some cheaper way to do the
project or they start looking for another project.
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The solution here is to research and educate before starting any new
improvement initiatives. This insures that everyone has aplegr under-
standing of the level of effort and cost before any new project is under-
taken.

Short-Term Results Expected ‘

This problem occurs when proper education about what continuous
improvement and benchmarking really mean is ngt completed ‘before
starting the project. Without a clear understandmg. tt}at continuous
improvement is a long-term project, with some, but ll{rllted short-term
benefits, management applies pressure to see immediate resul.ts..The
improvement teams take shortcuts; in doing so, they reduce or eliminate
the benefits that they should have achieved.

Lack of Common Performance Measures

This problem occurs in benchmarking, typically .when someone
wants to benchmark after reading an article or report with a benchmark
number in it. The person pushes the organization to try and‘ achieve tha.\t
number. The problem is that the organization may be in a d}ffc.erent busi-
ness, have different operating conditions, or even a dissimilar wor1.<-
force. Unless time is taken to make a fair evaluation, the benchmarg is
useless and the organization will suffer trying to achieve it. Education
and training are necessary if this problem is to be avoided.

Chapter 14

Developing Performance
Indicators For Maintenance
Management

Having looked closely at the maintenance function and its various
functional components, as well as the related functional performance
indicators, it will be beneficial to review the performance indicator
pyramid presented in the introduction. The correct way to develop per-
formance indicators is to work from the top or corporate level and then
develop indicators at each subsequent level to allow the indicators to be
connected. If the indicators are selected at the bottom and then built
upward, they may be conflicting rather than supportive.

CORPORATE INDICATORS
These indicators are the long-term strategic indicators that upper
management utilizes for business planning. The window of planning is
typically for the three-to-five year strategic plan.

ToTAL CosT TO PRODUCE (MANUFACTURE)

This indicator compiles all the costs needed to produce a product. It
is used to calculate the profit margin: the difference between this cost
and the sales revenue is profit. This cost is further analyzed by the finan-
cial indicators.

TotaL Cost oF OCCUPANCY
This is a facility measure; it compiles all the costs needed to occupy
a facility. This cost includes the maintenance function and is further ana-
lyzed the financial indicators.
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RETURN ON NET ASSETS
This indicator compares the profit earned to the netyval‘ue of Fhe
company assets. The impact that maintenance has on profits is a major
factor in calculating the return. This will be highlighted by the financial
indicators.

RETURN ON FIXED ASSETS
This indicator compares the profit earned to the net valu‘e of the ﬁx.ed
company assets. The impact that maintenance has on profits is a major
factor in calculating the return. This will be highlighted by the financial

indicators.

FINANCIAL INDICATORS

These indicators are used to insure that the departments in a compa-
ny are meeting the financial goals set in the strategic plag. The m.dxca-
tors are monitored annually. If the annual figures are not in compl.lance
with the forecast, then the analysis would start at the next le’vel-m the
hierarchy. No organization will use all of these fqllowmg indicators
(which monitor the maintenance department), but will choose the ones
that support the selected corporate indicators.

MAINTENANCE COsT PER UNIT PROCESSED, PRODUCED,
OR MANUFACTURED
This indicator is a common measure of maintenance performance,
although not necessarily one of the best. It divides maintenance costs by
the volume of production. Production volumes vary for reasons not
under the control of the maintenance department. If the mainte'ne'mce
department is held accountable for this indicator, then poor decxs1.0ns
will be made that will impact the maintenance strategies. The organiza-
tion could be upsized or downsized due to the fluctuations of the indi-
cator. This indicator is good for broad analysis over time, but it should
never be used as a sole performance indicator.

MAINTENANCE CosTs Per TOTAL PROCESS,
PRODUCTION, OR  MANUFACTURING COSTS
This indicator compares maintenance costs to the total costs of man-
ufacturing, not the per unit manufacturing costs. Maintenance will gen-
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erally be a fixed percentage of the cost. The actual percentage of this
cost can be reviewed over time. If it increases, then the efficiency and
effectiveness indicators should show which maintenance area caused
the increase.

MAINTENANCE COSTS PER SALES DOLLAR
This indicator is also an accurate measure since maintenance is gen-
erally a fixed percentage. The indicator is easy to review over time. If
the percentage of maintenance costs increases, then the efficiency and
effectiveness indicators should show which maintenance area casued
the increase.

MAINTENANCE COST PER SQUARE FoOT MAINTAINED
This indicator is also an accurate measure for tacilities; the cost is
usually fixed. The indicator is easy to review over time. If the percent-
age of maintenance costs increase, then the efficiency and effectiveness
indicators should show which maintenance area caused the increase.

MAINTENANCE COST PER ESTIMATED REPLACEMENT VALUE
OF THE PLANT OR FACILITY AssETs
This indicator is becoming a standard one. It is an accurate measure
for plants and facilities since the cost is usually fixed. This indicator is
easy to review over time. If the percentage of maintenance costs increas-
es, then the efficiency and effectiveness indicators should show which
maintenance area caused the increase.

STORES INVESTMENT PER ESTIMATED REPLACEMENT VALUE
This indicator is also becoming standard for the measure of stores
investment. The indicator is easy to review over time. If the percentage
of stores costs increases, then the efficiency and effectiveness indicators
should show what maintenance or stores function caused the increase.

VALUE OF ASSET MAINTAINED PER MAINTENANCE EmPLOYEE

This indicator is another measure for plants and facilities since the
asset cost is usually fixed. This indicator is easy to review over time. If
the value of the asset maintained shows a decrease, then the efficiency
and effectiveness indicators should show which maintenance area
caused the decrease.
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CONTRACTOR CoSTS PER TOTAL MAINTENANCE COSTS
This indicator is useful for monitoring contractor costs as a percent-
age of total maintenance costs. If the costs remain stable, then the con-
tractor usage is stable. If an increase or decrease is indicated, then the
etficiency and effectiveness indicators should highlight the reason for
the change.

EFFICIENCY AND EFFECTIVENESS PERFORMANCE
INDICATORS

Effectiveness emphasizes how well a department or function meets
its goals or company needs. Effectiveness is often discussed in terms of
the quality of the service provided, viewed from the customer’s per-
spective. In the case of maintenance, effectiveness can represent the
overall company satisfaction with the capacity and condition of its
assets.

Efficiency is acting or producing with a minimum of waste, expense,
or unnecessary effort. Efficiency compares the quantity of service pro-
vided to the resources expended: is the service provided at a reasonable
cost? Efficiency measures concentrate on how well a task is being per-
formed, not whether the task itself is correct. Effectiveness concentrates
on the correctness of the process and whether the process produces the
required result.

A common problem in efficiency and effectiveness performance
measurement is the reporting of process or input measures (e.g., work-
load) instead of output measures. Indicators such as maintenance per-
sonnel per dollar of asset value, maintenance personnel as a percentage
of total plant personnel, and number of work orders completed, may be
useful in understanding how busy a maintenance department is, but they
do not measure results. This data is easily gathered and, without clear
definitions or communication, are often reported as performance mea-
sures for organization efficiency and effectiveness.

These indicators should examine the efficiency and effectiveness of
the tactical functions within maintenance. They can then insure that the
tactical performance indicators stay in line to support the annual finan-
cial performance indicators.

The following is a list of the efficiency and effectiveness indicators
from the previous chapters of the book. These indicators all highlight an
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impact on the efficiency and effectiveness of maintenance. No organi-
zation will use all of these indicators. but will choose the ones (f
port the selected financial indicators. All indic
percentage, unless noted otherwise,

hat sup-
ators are expressed as a

PREVENTIVE MAINTENANCE

P_Q_wmime Caused By Breakdowns *
Total Downtime

Manhours Spent on Emergency Jobs
Total Manhours Worked

Direct Cost of Breakdown Repairs
Total Direct Cost of Maintenance

Desired Equipment Uptime- Dowm!me
Desired Equipment Uptim

Hours Worked as Overtime *
Total Hours Worked

Maintenance Work Orders Awaiti ting Parts
Total Number of Maintenance Work Orders

WORK ORDER SYSTEMS

Emergency Orders Prevent ive Orders Corrective Orders
Total Work Orders Tota! Work Ordera Tdtd Worl khad;?s

TECHNICAL AND INTERPERSONAL TRAINING

Total Downtime Attributed to Operat ional Errmg
Total Downtim

Total Downtime Attributed to Maintenance Errors
Total Downtime

Estimated Lost Time Due to Lack of Knowledge or Skills
Total Time Worked
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Maintenance Rework Due to Lack of Knowledge or Skills
Total Maintenance Work

OPERATIONAL INVOLVEMENT
Maintenance-Related Equipment Downtime (current period)
Maintenance-Related Equipment Downtime {previous year same period)

Actual Equipment Throughput (current year)
Actual Equipment Throughput (previous year same period)

PREDICTIVE MAINTENANCE

Current Maintenance Costs
Maintenance Costs Prior to Predictive Program

RELIABILITY-CENTERED MAINTENANCE
Equipment Uptime
Equipment Capacity
Maintenance Labor

OSHA Citations: Notices Per Inspection (Current Year)
OSHA Citations: Notices Per Inspection (Previous Year)

EPA Citations: Notices Per Inspection {Current Year)
EPA Citations: Notices Per Inspection (Previous Year)

150-9000: Notices of Nonconformance Per Inspection (Current Year)
150-5000: Notices of Nonconformance Per Inspection (Previous Year)

ToTAL PRODUCTIVE MAINTENANCE: OVERALL EQUIPMENT EFFECTIVENESS

All Downtime
Avaitability = (should be at least 90%)

Scheduled Time

Actual Qutput for

Scheduled Time

Parformance Efficiancy (should be at least 85%)

i

Design Qutput for
Scheduled Time

Total Production minus

Detects or Rework
Quality Rate = Bt (should be at least 39%)

Total Production

Goal for Overall Equipment Effectivess: 90% x 95% x 99% = B5%
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TACTICAL PERFORMANCE INDICATORS

The tactical performance indicators monitor the function indicators
in a longer-term window of a quarterly or ninety day timeframe. This
window allows time for trends to develop. Monitoring the tactical indi-
cators identifies required changes highlighted by the functional indica-
tors working their way up the pyramid. Changes can then be made to the
maintenance processes before the efficiency and effectiveness of the
maintenance organization is impacted to the degree that the annual
financial performance indicator targets are missed.

Tactical indicators focus on the individual processes within the
maintenance function. However, optimizing that one process may have
a negative impact on other processes. This potential effect shows the
reason for the efficiency and effectiveness indicators. They evaluate the
overall maintenance function; the tactical indicators evaluate only one
of the eleven maintenance specific processes.

The following list of tactical indicators, previously mentioned in the
book, focus on the evaluation of the specific maintenance function. No
organization will use all of these indicators, but will choose the ones
that support the selected efficiency and effectiveness indicators.

PREVENTIVE MAINTENANCE

Preventive Maintenance Tasks Completed

Preventive Maintenance Tasks Scheduled

Number of Breakdowns Should Have Been Prevented
Total Number of Breakdowns

INVENTORY AND PROCUREMENT

Total Annual Dollar Amount of Stores Usage

Total Inventory Valuation

Total Number of Orders Filled on Demand
Total Number of Orders Requested

Total Number of ltems Filled on Demand
Total Number of ltems Requested
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Total Number of Rush Purchase Orders
Total Number of Purchase Orders

WORK ORDER SYSTEMS (PLANNING AND SCHEDULING)

Maintenance Work Orders Planned
Total Work Orders Received

Maintenance Hours Scheduled
Total Maintenance Hours Worked

Total Hours Estimated on Scheduled Work Orders
Total Hours Charged to Scheduled Work Orders

Number of Work Qrders Completed Greater than 20% of Estimated Labor

Total Number of Maintenance Work Orders

Number of Work Orders Completed Greater than 20% of Estimated Labor

Total Number of Maintenance Work Orders

Work Orders Overdue
Total Work Orders

COMPUTERIZED MAINTENANCE MANAGEMENT SYSTEMS

Total Maintenance Labor Costs in CMMS
Total Maintenance Labor Costs from Accounting

Total Maintenance Material Costs in CMMS
Total Maintenance Material Costs from Accounting

Total Maintenance Contracting Costs in CMMS
Total Maintenance Contracting Costs from Accounting

Total Maintenance Costs Charged to Individual Equipment ltems

Total Maintenance Costs from Accounting

OPERATIONAL INVOLYEMENT

Hours of Preventive Maintenance performed by Operators

Total Preventive Maintenance Hours
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Hours of Maintenance Activites Performed by Operators - Current Period

Hours of Maintenance Activities Performed by Operators -
Previous Year Same Period

Hours of Equipment Improvement Performed by Operators
Total Hours Worked by Operators

RELIABILITY-CENTERED MAINTENANCE

Number of Equipment Breakdowns ™~

Total Hours in Time Period

Number of Repetitive Equipment Failures
Total Number of Equipment Failures

FUNCTIONAL PERFORMANCE INDICATORS

Functional indicators derive their name from the word function.
Simply put, the indicators show how one of the eleven maintenance-spe-
cific functions is performing. The following list shows the specific func-
tions required of or expected of a maintenance organization in most
companies.

Preventive Maintenance

Inventory and Procurement

Work Order Systems

Computerized Maintenance Management Systems
(CMMS)

Technical and Interpersonal Training

Predictive Maintenance

Operational Involvement

Reliability-Centered Maintenance

Total Productive Maintenance

Statistical Financial Optimization

Continuous Improvement

The following functional indicators, mentioned previously in the
book, show how well the parts of the function are doing in supporting
the tactical issues. No organization will use all of these indicators, but
will choose the ones that support the selected tactical indicators.
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PREVENTIVE MAINTENANCE

Number of PMs Overdue”
Total Number of PMs Qutstanding

Estimated PM Task Cost”*
Actual PM Task Cost

Total Number of Work Orders Generated from PM Inspections ™
Total Number of Work Orders Generated

INVENTORY AND PROCUREMENT

Inactive Stock Line ltems ™
Total Stock Line ltems

Total Maintenance Spare Parts in Controlled Stores”
Total Inventory on Hand (Controlled + Uncontrolied)

Total Number of Single Line ftem Purchase Orders”
Total Number of Purchase Orders

Maintenance Material Costs Charged to a Credit Card”
Total Maintenance Materials Costs

WoRrK ORDER SYSTEMS

Maintenance Labor Costs on Work Orders
Total Maintenance Labor Costs

Maintenance Material Costs on Work Orders
Total Maintenance Material Costs

Maintenance Contract Costs on Work Orders
Total Maintenance Contract Costs

Maintenance Downtime on Work Orders ”
Total Maintenance Downtime Charged

Maintenance Labor Cost Charged to Standing Work Orders *
Total Maintenance Labor Costs

Materials Costs Charged to a Standing Work Order
Total Maintenance Materials Costs
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Total Charges for a Specific Equipment Itern Written 10 a Standing Work Order
Total Charges for a Specific Equipmer

W ltem

PLANNING AND SCHEDULING

Maintenance Labor Costs Planned ™
Total Maintenance Labor Costs

Maintenance Material Costs Planned *
Total Maintenance Materials Costs

COMPUTERIZED MAINTENANCE MANAGEMENT SYSTEMS

Total Number of Equipment ltems in CMMS
Total Number of Equipment ltems in the Plant

Total Number of Part items in CMMS*
Total Number of Part ltems in the Plant

Total Number of Preventive Maintenance Tasks *
Total Number of Equipment ltems in the Plant x 3

Number of Maintenance Employees or Full-Time Equivalents
Number of Supervisors or Coaches

Number of Maintenance Employees or Full-Time Equivalents

Number of Maintenance Planners

Total Number of Maintenance Overhead Personnel

Total Hourly Maintenance Personnel

TECHNICAL AND INTERPERSONAL TRAIMING
Total Training Dollars ™

Total Number of Employees

Total Technical Training Hours™

Total Number of Employees

Total Interpersonal Training Hours ™
Total Number of Employees
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Total Number of Training Employees **
Total Number of Maintenance Employees

Total Training Dollars ™
Total Plant Payroll

PREDICTIVE MAINTENANCE

*

Hours of Predictive Maintenance Activities
Total Maintenance

Predictive Maintenance Costs*
Total Maintenance Costs

RELIABILITY-CENTERED MAINTENANCE

Number of Failures Where Root Cause Analysis Was Performed *
Total Number of Equipment Failures

Number of Preventive Maintenance Tasks Audited *
Total Number of Maintenance Tasks

Number of Predictive Maintenance Tasks Audited ™
Total Number of Predictive Maintenance Tasks

TOTAL PRODUCTIVE MAINTENANCE

Critical Equipment ftems Covered by Design Studies *
Total Number of Critical Equipment ltems

Critical Equipment ltems Covered by 5 S Activities ”
Total Number of Critical Equipment ftems

STATISTICAL FINANCIAL OPTIMIZATION
Number of Critical Equipment Maintenance Tasks Audited *
Total Number of Critical Equipment Maintenance Tasks

Number of Critical Equipment Major Spare Parts Audited *
Total Number of Critical Equipment Major Spare Parts

Number of Critical Equipment Routine Spare Parts Policies Audited ”
Total Number of Critical Equipment Routine Spare Parts
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Example : A company striving to be the low-cost producer in
its respective market.

The corporate mandate is to keep costs low while insuring the long-
term viability of the company assets. Each company function that con-
tributes to production costs must be as efficient and effective as possi-
ble. The tactical focus is to insure optimization of the overall mainte-
nance costs on a quarterly basis. The functional support focuses on the
optimization of each component of the maintenance process. The sce-
nario is as follows:

The corporate cost-to-produce indicator begins to increase. The
factors making up this indicator are examined. These include the
individual financial indicators that in turn make up the cost-to-pro-
duce indicator. Upon examination, one particular financial indica-
tor—Maintenance Costs per Total Manufacturing Costs—is
checked and is found to have increased over the last quarter.

The efficiency and effectiveness indicators for maintenance are
examined next. Upon examination, the Desired Equipment Uptime
indicator has declined and is below an acceptable level.

The tactical indicators impacting the Desired Equipment Uptime
indicator are now examined. As these indicators are checked, the
Preventive Maintenance Compliance indicator is found to be lower
than acceptable and heading downward.

Next the functional indicators for the PM program are examined.
The Overdue PM Tasks indicator is high and moving even higher.
Upon reviewing the indicator factors, it is found that the equipment
is not being released by production for preventive maintenance.

Here is the task that is hindering the execution of the preventive
maintenance services. This in turn is leading to increased equip-
ment breakdowns, which lowers the uptime, which raises the main-
tenance costs, which impacts the cost-to-produce indicator.
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This example shows how the performance indicators might be
linked. If the indicators are not linked to performance at either a high-
er level or a lower level on the indicator pyramid, then the wrong indi-
cators are being used.

Remember: No one uses all of the indicators. Use only the ones that
connect to the corporate indicators. The use of nonconnected indicators
will obscure the real problems and the solutions required. When this
happens organizations flounder, never making the correct improvements
or changes.

CORPORATE
INDICATORS

FINANCIAL
PERFORMANCE INDICATORS

EFFICIENCY AND EFFECTIVENESS
PERFORMANCE INDICATORS

TACTICAL
PERFORMANCE INDICATORS

FUNCTIONAL
PERFORMANCE INDICATORS

Chapter 15
The Future

Where is the future of maintenance headed and what will be the
trends of the future? This chapter will examine three major areas in
which many organizations are focusing their current improvement ini-
tiatives. These areas are:

Back to the Basics
Cost-Benefit Analysis
Enterprise Resource Planning (ERP)

Back to the Basics

Many organizations today are returning to the basics. As technology
changed the focus of manufacturing and process efforts, it also distract-
ed many maintenance organizations. Inspection and detection technolo-
gy increased and the maintenance organizations focused on the new
tools and how to use them. As they did, they either hurriedly handed off
the basic tasks of maintenance to the operators or they didn’t do them
anymore. Thus,- when vibration analysis would indicate there was a
problem with a bearing, the bearing was changed. Upon examination, it
might find that problem was caused by a lack of lubrication.

But do maintenance organizations need technology to tell them that
they are ignoring basic maintenance procedures and requirements on
their equipment? This approach seems to be an expensive way to be
reminded. One survey showed that over 50% of equipment malfunc-
tions and breakdowns are due to the neglect of the basics of mainte-
nance. As discussed in the preventive maintenance chapter, if the basic
issues are not addressed, then little, if any, sustainable improvements
will ever be achieved in equipment reliability.

Back to the basics also ties in with training. Few maintenance man-




182 Developing Performance Indicators for Managing Maintenance

agement courses focus on what the basics of maintenance really are and
how to meet those requirements. This area will need to be addressed for
the new workforce. Many companies have aging workforces. When the
current employees leave through retirement, who is prepared to take
their place? Many companies today are facing serious situations in the
next three to five years as they experience turnover of their older, high-
er-skilled employees. If the basics of maintenance are not getting the
attention required now, how will they ever get the necessary emphasis
in the future?

A 1989 survey of best maintenance companies, found the first
enabler that made the companies successful:

The best do the basics very well. Even among the Best, there is still
room for improvement.

Given this finding, companies would do well to ask themselves: Are
we doing the basics well?

Cost-Benefit Analysis

Although it is improving in maintenance, cost-benefit analysis still
is in its infancy. Cost-benefit analysis provides the ability to cost justify
maintenance improvements. There are two main areas in which mainte-
nance impacts a company financially: expenses (cost avoidance) and
creating capacity (more throughput with same overhead costs).

In the expense area, anything that maintenance can save by being
more efficient and effective is money that did not have to be spent.
These savings can be applied to the bottom line as profit. Studies have
shown that, depending on a company’s cost structure, an expense dollar
saved equals ten to twenty dollars in increased sales at the bottom line.
Therefore, saving maintenance dollars by being efficient and effective is
important.

In the creating capacity area, the production costs are stable and a
fixed part of the cost-per-unit calculation. Most companies have focused
on reducing expenses to impact that calculation. However, progressive
companies are examining the other side of the indicator: the number of
units produced. If the equipment ran closer to design speed without
breakdowns, could more units be produced with the same fixed costs,
thereby lowering the cost per unit?. Companies that are asking that
question are finding that the answer is Yes.
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In addition to increasing capactty, companies that are working in this
area are finding secondary benefits. The need to purchase new equip-
ment to keep pace with market demand is reduced, thereby saving cap-
ital dollars. This also has an impact on the Return on Fixed Assets and
Return on Net Assets calculations.

Proper equipment maintenance also impacts energy costs. A well-
maintained equipment unit requires from 5% to 11% less energy to
operate than does a poorly maintained equipment unit. Reducing ener-
gy costs for a company saves expense dollars. The impact on profitabil-
ity is undeniable.

The more that companies understand the impact maintenance has on
their bottom-line profitability, the more they agree equipment mainte-
nance is the last of the million-dollar savings strategies.

Enterprise Resource Planning (ERP)

As we head into the new millenium, Enterprise Resource Planning is
skyrocketing n popularity. Its focus is to help streamline all systems in
a company so that they communicate more closely, they more closely
coordinate, and the information systems used to manage the separate
functions in the organization are completely integrated.

There are two theories that address how to develop these ERP sys-
tems. One theory holds that a single vendor produces a massive soft-
ware program with all of the functions needed to run the business; this
vendor supplies the software system. The second theory holds that a
system integrator finds the “best of breed” solutions for each of the
functions in the company and integrates them into a seamless solution.

Both arguments have strengths and weaknesses. The single vendor
has a fully integrated system with all modules required to run the busi-
ness as a part of the system. The strength is usually the completeness of
the integration. The weakness is the lack of functionality of some of the
system’s modules. For example, most of the integrated systems do not
have a strong maintenance module. The exception occurs where a ven-
dor purchases a CMMS and then integrates it in its package. This solu-
tion provides maximum functionality and full integration.

The “best of breed” solution allows the customers to select from a
group of stand-alone packages. Once the best of each 18 found, the inte-
grator puts them all together. The strength is that the customers get a
solution made up of the modules that best suit their needs from a func-
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tionality standpoint. The weakness is that many of the systems are dif-
ficult to integrate. In many cases, they don’t work as well as promised
when they are finished,

Which solution a company selects really doesn’t matter. One issue
will always be raised: How do we reengineer the organization to take
advantage of the new tool? This issue is the one that most companies
have a problem addressing. Many companies think they can implement
an ERP system, yet keep doing business the way they always have. This
is not the case. Organizations will have to change some of their business
processes to meet the requirements of the system. If they are not willing
to change, then the implementation ends in frustration for everyone.

A second major issue is the commitment to use all of the ERP sys-
tem. This commitment takes time and resources. The ERP system
requires each department to input all of its data so accurately that the
system can match and verify the data put in by other departments.
Unless everyone who uses the system commits to this effort, the data
accuracy suffers and the system is never utilized. Without full utiliza-
tion, the return on investment for the system is never realized and its
implementation is deemed a failure. Time and resources must be
planned accurately if the ERP system is to be successful.

But what about the maintenance function in organizations? They
will, in the future, be more fully integrated within an organization. In
the same way that companies are turning to a fully-integrated ERP solu-
tion, with maintenance as part of the solution, most companies will inte-
grate maintenance and operations even more closely. Even now, many
companies don’t have maintenance departments; they have capacity
assurance departments. Some companies, employing a process team
concept, don’t have Total Productive Maintenance, but rather Total
Process Reliability. Their focus is on maximizing the equipment assets,
not on managing maintenance. While highly-skilled and talented main-
tenance technicians will always be required, how their work is integrat-
ed into operations, and how focused they are on data collection and
analysis, will change.

Glossary

O . . .oy . . . - -
58S organization, tidiness, purity, cleanliness, and discipline. Focused on the work

place and derived from five Japanese words that begin with the letter “s”

A

absenteeism - the act of missing work; being absent from a scheduled work shift

accounting - a functional department within a company with the task of compiling and ana-
lyzing all of the financial records for the company

asset management - the oversight of the life of an asset to achieve lowest life cycle cost
with the maximum availability, performance efficiency, and highest quality

B

benchmarking - 4 continuous improvement process of examining companies that are more
effective in a specific process, learning how they became more effective, and then adapting
their methods to your company’s process with a goal of being hetter at the process than the
company that was benchmarked

best practice - a practice that leads to superior performance in a specific process
breakdown - an unexpected interruption to the service of a particular asset

breakdown maintenance - maintenance performed in response to a breakdown; typically
costs two to four times as much compared to the same maintenance performed in a planned
mode

C

cleaning - the act of removing contamination or other materials from an asset

CMMS (Computerized Maintenance Management System) - a software package
designed to assist in managing the maintenance function

CMMS usage - the utilization of a CMMS; many companies only achieve a 50% utilization
rate, preventing a realization of the full return on the investment in the software

competitive analysis - a comparison of a company’s process with that of a specific com-
petitor or group of competitors

continuous improvement - the process of constantly making a company’s business
processes better

contractor - an individual or company that has a legal agreement to provide a specific ser-
vice or task
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corporate indicators - measures that are used to determine how successful a company is in
its particular business

critical spares - spare parts that have especially high value and long lead times; usually car-
ried in stock to prevent excessive downtime in case of a breakdown; they average about 10%
of inventory items, but may comprise up to 50% of the inventory value

D

data collection -the gathering of information to develop & support a performance indicator

downsizing - the reduction of a company’s workforce; may be due to a department closure
or market share reduction, but is commonly used incorrectly as a quick method for reduc-
ing company expenses

downtime - the time period during which a particular asset is not performing to design spec-
ification; asset may be actually in a breakdown condition or may be not be capable of pro-
ducing at design specification

E

early equipment management - a management philosophy that examines how equipment
or assets will be required to perform during their life cycle to insure that design specifica-
tions are adequate

early equipment management and design - a management philosophy that gathers data
from existing equipment performance and provides the data to the design process for the
next generation of equipment being developed

emergency - a type of equipment problem where a breakdown has occurred and immediate
attention is required; usually involves safety, bealth, or process integrity

EPA - Environmental Protection Agency; a United States Government agency charged with
enforcing governmental environmental regulations

equipment capacity - the ability of equipment to produce a product or provide a service at
a given rate over a specified time period.

equipment uptime - the time period during which an equipment item is performing at
design specification; the inverse of downtime.

ERP (Enterprise Resource Planning) - the planning of all resources of a corporation to
insure that products and services are produced and provided at lowest total cost

F

FEMA (Failure and Effects Mode Analysis) - analysis that examines failures and the
resulting effects; makes possible implementing changes to prevent or monitor any future
failures
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financial indicators - measures that connect the business process with the overall COrpo-
rate goals; the structure of the indicators allows analysis for continuous improvement

financial optimization - an analysis technique that compares the total cost of an activity to
a company; includes factors such as profit generated, cost of maintenance, cost of produc-
tion, quality costs. and energy costs; goal is to achieve the optimum financial balance for
the company

functional maintenance indicators - measures that examine the individual functions of
the maintenance processes; these indicators then support the tactical indicators

I

idling and minor stoppage - a type of equipment {oss that is caused by small interruptions
of the equipment; causes are usually small and require little effort to repair or reset; how-
ever, losses can be significant when accumulated over time.

inventory - spare parts or equipment components kept in case of an equipment breakdown
or for replacement when the original part or equipment component wear out.

inventory and procurement - a function within an organization that is responsible for
obtaining and storing spare parts, equipment and, in some cases, raw materials: required to
support the maintenance function if maintenance activities are to be carried out effectively
and efficiently

IS0-9000 - Standards for quality systems insuring consistency in quality production

J

Just-In-Time - an operating philosophy that focuses on reducing lead times and work in
process in manufacturing operations

L

lean manufacturing - a system of manufacturing that focuses on minimizing the resources
necessary to produce a product or provide a service

Life Cycle Costing - a technique that examines the total cost of ownership of an asset; costs
are caleulated from the design phase to the disposal stage; this technique usually produces
dramatic savings for companies used to buying from “low bid” vendors

M

MTBF (Mean Time Between Failure) - the average length of time from one failure to
another failure for an asset or component

MTTR (Mean Time To Repair) - the average time needed to restore an asset to full oper-
ation after a failure
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maintenance management implementation decision tree - a methodology for improving
maintenance

maintenance performance - comparing the results of the maintenance function to the
goals and objectives set for it

maintenance prevention - a design change or activity focusing on reducing or eliminating
the maintenance needs of an asset

mechanical fastening - some form of a device that joins or fastens two components togeth-
er; includes bolts, studs, screws, and locking devices

minor maintenance - small maintenance activities that are low cost and of short duration

N

NASCAR - a racing circuit in the United States that focuses on maximizing equipment uti-
lization through structured teamwork and discipline.

O

OEE (Overall Equipment Effectiveness) - a measurement that compares the availability,
performance efficiency and the quality rate of an asset

oil analysis — two techniques; one is the analysis of the actual lubricant for its condition;
second is the analysis of the wear particles in the oil to determine what part of an asset is
wearing

operational involvement - the use of operations personnel in some aspect of maintain
ing their equipment or assets

operations personnel - employees who work in the operations department

operator involvement - the extent to which employees who run equipment are also
engaged in some aspect of maintaining their equipment (or other asset)

OSHA - Occupational Safety and Health Administration; a United States agency that focus-
es on providing a safe and healthy workplace for all employees.

Overall Equipment Effectiveness (see OEE)

P

Pareto - an analysis performed to show which 20% of the equipment or assets creates or
contributes to 80% of the problems the company is experiencing

PDM (see predictive maintenance)
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performance indicators - measures to determine the performance of a function within a
company.

performance measurement - the act of measuring performance

planning and scheduling - maintenance activities for which resources are determined in
advance and time is estimated to carry out the work; estimates are then built into a weekly
schedule for the maintenance staff

planner - a designated individual who plans maintenance activities

PLC (Programmable Logic Controller) - electronic system used in facilities and plants to
control assets

Predictive Maintenance (PDM) - an advanced preventive maintenance technique that
focuses on using technology to determine the condition of equipment or assets

preventive maintenance - activities designed to eliminate or reduce wear on assets or
equipment systems

PSM (Process Safety Management) - special regulation designed to increase the safety
and environmental control of process system

purchase orders - forms produced by the purchasing department to obtain materials for the
company

purchasing - the functional department responsible for securing the material necessary for
the company to produce its product or provide its service; often called procurement

Q

QS-9000 - quality standards for the United States automotive industry; similar to the ISO-
9000 standards.

quality defects or rework - products that are not usable or need additional work to be
usable

R

RCM (see Reliability-Centered Maintenance)

reactive - maintenance activities that occur with little or no notice; these activities interrupt
the weekly maintenance schedule and will cost two to four times as much as when they can
be planned and scheduled

reduced speed or capacity losses - losses incurred when equipment or assets are allowed
to perform at less than design speed or capacity
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reliability - the probability that equipment or an asset will perform its designed function
without a failure for a period of time under specific conditions

Reliability-Centered Maintenance (RCM) - a technique designed to enhance and
improve the preventive and predictive maintenance programs

return on fixed assets (ROFA) - the profit a company generates factored by the value of
the fixed assets that produced the profit

return on investment (ROI) - the financial performance on any investment that is made

return on net assets (RONA) - the profit a company generates factored by the net value
of the assets that produced the profit

root cause analysis - a technique used to discover the true reason for an equipment or
asset problem, malfunction or breakdown

routine lubrication - the act of carrying out lubrication on an equipment or asset on a reg-
ular schedule

routine spares - spare parts that are used on a regular basis to maintain equipment or assets

S

service level - the percentage of time spare parts are in stock in the storeroom when they
are required

set up and adjustment - the process of changing from running one product to running
another

sonics - the use of ultrasound to detect thickness of materials and other techniques such
as leak detection

start up and shutdown losses - equipment losses occurring when equipment is shut down
and started up; losses occur when the process is destabilized and then is stabilized

start up inspections - inspections that are typically carried out by operational personnel
while starting up the equipment

statistical financial optimization - a technique that blends the financial controls and the
reliability statistics to forecast the lowest total cost for various maintenance decisions

stock out - an event that occurs when a part is required but is not available

stores - also referred to as inventory; the function within a company responsible for main-
taining the supply of spare parts
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stores and Procurement - also called inventory and purchasing; the function in a com-
pany responsible for ordering, purchasing, and maintaining spare parts for a company.

supervisor - a first-line manager usually responsible for a group of eight to twelve
employees in a traditional organization

T

tactical ondicators - measures that highlight weaknesses in an organization that require
the merging of functional processes within the maintenance function to improve

technical and interpersonal training - training programs that address the specific skills
needed to operate the equipment and “soft skills” such as team building and diversity
training; both types of training are required to produce a workforce capable of performing
at world class levels

technical training - training in the technical trades areas, such as electrical, mechanical,
and fluid power.

thermography - the use of infrared technologies to measure temperature differentials

total productive maintenance (TPM) - an operational strategy focusing on maximizing
overall equipment effectiveness;.requires full organizational participation to be successful

ultrasonic - the use of sonics technology to discover equipment and asset problems
uptime - the time equipment or assets are available to perform their designed function

\%

vibration analysis - a predictive maintenance technology focusing on vibration of rotat-
ing equipment to discover and then monitor wear of mechanical components, allowing
maintenance activities to occur before a breakdown

visual systems - a technique utilized to highlight operating conditions, such as pressure,
flow, and fluid levels; makes inspection and tracking equipment conditions easier and
lessen the risk of a mistaken reading

w

wear particles - a type of lubricant analysis that examines the wear particles suspended
in the lubricant; allows wear to be identified and corrected before a failure occurs

work order - a document used to request, plan, schedule. track, and report on all mainte-
nance activities
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inspecting 14, 29, 37, 105, 117, 118,
149, 151, 172

interpersonal training 5, 91, 178

inventory 3, 8, 10, 41-54, 72, 153, 173,
176

1SO-900034, 95, 97, 133, 172
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Just-In-Time 34
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labor 53, 56, 60, 65, 69, 76, 82, 112,
113, 114, 120, 124, 132, 151, 152,
172, 174, 176, 177

Life Cycle Costing 15, 80, 81

lubrication 35, 103, 106, 118, 149

M

maintenance management decision tree
9,19, 20, 21

maintenance management 1, 2, 8, 17,
124, 138, 139, 155, 167

maintenance performance 47

maintenance skills 35

management support  xiii, xiv, 34, 53,
74, 88 103, 112, 124, 137, 150,
158,165

manhours24, 171

manual equipment maintenance
System 12,13

material costs 57, 61, 66, 70, 77, 174,
176, 177

mean time between failure (see MTBF)

mean time to repair (see MTTF)

MTBF 16,76, 121, 122, 134, 151

MTTR 6,76
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NASCAR 11, 12, 84, 142, 143

0

occupancy 167

OEE 144, 146, 149,172
oil analysis 118
on-the-job training 101

operational involvement 5, 8, 105-115,
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operations personnel 15
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OSHA 15, 34, 95,97, 115, 133, 172
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pareto 16
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135, 147, 155, 159, 160, 163, 167-180
performance measures  ix, 166
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purchase orders 45, 46, 48, 174
purchasing 45, 46
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quality rate 144, 172
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RCM

(see reliability-centered maintenance)
reactive maintenance 2, 10, 12, 50, 125
reading level 92
recording data 3
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regulations 39, 128, 133, 172

reliability-centered maintenance 6, 8, 16,
127-139, 151, 152, 172, 175, 178

reliability engineering 15

repairs 3, 24, 25, 26, 151, 171

replacement 16, 169

return on fixed assets 168

return on invesiment (see ROI)

return on net assets 34, 168

rework 99, 141, 144

ROI  «xii, 2

root cause analysis 129, 130, 178

routine spares 151, 154

run to failure 128

S

safety 115, 128

savings 108, 119, 132, 146, 135, 161

schedule compliance 26, 31, 37, 67, 174

scheduling (see planning and scheduling)

service level 44

spare parts 43, 120, 152, 153 154, 176,
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standing orders 60, 61

statistical financial optimization 7, 16, 17,
151-158, 178, 179

stockouts 3, 44, 43, 51
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strategic financial optimization 7, 8

supervisors 82
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technical training 3, 89, 90, 95-100,
101-103, 113, 178

testing 93

thermography 117

throughput (see capacity)

total quality management ix, 7, 34,
141, 142

total process reliability 184

total productive maintenance 6,7, 141-
150, 152, 172, 178

TOQM (see total quality management)

TPM (see total productive maintenance)

training 3, 8, 15, 35, 86, 89-103, 123,
124,137, 143, 148, 150, 157, 165,
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turns 42
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ultrasonic inspection 118
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vibration analysis 117
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55-74, 123, 136, 171, 176




index

absenteeism 147
accounting 157
asset management
(see maintenance managment)

B

back to the basics 181, 182

benchmarking 1, 159, 160, 161, 162,
164, 166

best practice 1, 9

breakdown 23, 24, 25, 26, 28, 29, 32,
121, 122, 130, 141, 171, 173, 175
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capacity 34, 109, 120, 132, 141, 172

cleaning 14, 105, 106, 149

CMMS  xiil. 4. 6, 8, 13, 14, 38, 39, 75-
88,93, 97, 107, 123, 136, 174, 177,
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competitive analysis 164

Computerized Maintenance Management

System (see CMMS)

continuous improvement xiii, 7, 17,
159-166

contract costs 58, 78, 170, 174, 176

corporate indicators x, xi, xii, 167,
168, 179

correspondence training 93

cost-benefit analysis 182, 183
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decision tree
(see maintenance management decision tree)
downsizing 74, 112, 142, 148
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E

early equipment management and design
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efficiency and effectiveness  x, xii, 10,
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emergency 24, 25,26, 32,62, 171

energy 35
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EPA 15, 34, 133,172
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equipment history 16,79, 81, 117, 134,
136

equipment improvement 111, 134, 135,
141

equipment selection 36

equipment throughput (see capacity)

ERP 76,77, 78, 183, 184
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F
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Failure and Effects Mode Analysis
(see FEMA)
FEMA 16
financial indicatorsx, xii, 157, 168, 179
financial optimization
(see statistical financial optimization)
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H
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implementation  xiii, xiv, 86



