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Company Date
Plant Name of Person Performing Analysis

Occurrence Description

Change Factor | Difference/Change Effect Questions to
Answer

What
(conditions, occurrence,
activity, equipment)

‘When
(occurred, identified,
plant status, schedule)

Where

(physical location,
environmental
conditions)

How

(work practice, omission,
extraneous action, out of
sequence procedure)

Who

(personnel involved,
training, qualification,
supervision)

Figure A-14 Change Analysis Worksheet

Did the condition involve shift-work personnel? If so:
What type of shift rotation was in use?
Where in the rotation were the personnel?
For how many continuous hours had any involved personnel been
working?
WHERE?
Where did the condition occur?
What were the physical conditions in the area?
Where was the condition identified?
Was location a factor in causing the condition?
Human factor?
Lighting?
Noise?
Temperature?
Equipment labeling?
Radiation levels?
Personal protective equipment required in the area?
Radiological protective equipment required in the area?
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Accessibility?
Indication availability?
Other activities in the area?
What position is required to perform tasks in the area?
Equipment factor?
Humidity?
Temperature?
Cleanliness?
HOW?
Was the condition an inappropriate action or was it caused by an inap-
propriate action?
An omitted action?
An extraneous action?
An action performed out of sequence?
An action performed to too small of a degree? To too large of a
degree?
Was there an applicable procedure?
Was the correct procedure used?
Was the procedure followed?
Followed in sequence?
Followed “blindly”—without thought?
Was the procedure:
Legible?
Misleading?
Confusing?
An approved, current revision?
Adequate to do the task?
In compliance with other applicable codes and regulations?
Did the procedure:
Have sufficient detail?
Have sufficient warnings and precautions?
Adequately identify techniques and components?
Have steps in the proper sequence?
Cover all involved systems?
Require adequate work review?
WHO?
Which personnel:
Were involved with the condition?
Observed the condition?
Identified the condition?
Reported the condition?
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Corrected the condition?

Mitigated the condition?

Missed the condition?
What were:

The qualifications of these personnel?

The experience levels of these personnel?

The work groups of these personnel?

The attitudes of these personnel?

Their activities at the time of involvement with the condition?
Did the personnel involved:

Have adequate instruction?

Have adequate supervision?

Have adequate training?

Have adequate knowledge?

Communicate effectively?

Perform correct actions?

Worsen the condition?

Mitigate the condition?

Barrier Analysis Description

There are many things that should be addressed during the perfor-
mance of a Barrier Analysis. NOTE: In this usage, a barrier is from Man-
agement Oversight and Risk Tree (MORT) terminology and is something
that separates an affected component from an undesirable condition/sit-
uation. The figure at the end of this description provides an example of
Barrier Analysis. The questions listed below are designed to aid in deter-
mining what barrier failed, thus resulting in the occurrence.

What barriers existed between the second, third, etc. condition/
situation and the second, third, etc. problems?

If there were barriers, did they perform their functions? Why?

Did the presence of any barriers mitigate or increase the occurrence
severity? Why?

Were any barriers not functioning as designed? Why?

Was the barrier design adequate? Why?

Were there any barriers in the condition/situation source(s)? Did they
fail? Why?

Were there any barriers on the affected component(s)? Did they fail?
Why?

Were the barriers adequately maintained?
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Were the barriers inspected prior to expected use?

Why were any unwanted energies present?

Is the affected system/component designed to withstand the condi-
tion/situation without the barriers? Why?

What design changes could have prevented the unwanted flow of
energy? Why?

What operating changes could have prevented the unwanted flow of
energy? Why?

What maintenance changes could have prevented the unwanted flow
of energy? Why?

Could the unwanted energy have been deflected or evaded? Why?

What other controls are the barriers subject to? Why?

Was this event foreseen by the designers, operators, maintainers,
anyone?

Is it possible to have foreseen the occurrence? Why?

Is it practical to have taken further steps to have reduced the risk of
the occurrence?

Can this reasoning be extended to other similar systems/components?

Were adequate human factors considered in the design of the
equipment?

What additional human factors could be added? Should be added?

Is the system/component user friendly?

Is the system/component adequately labeled for ease of operation?

Is there sufficient technical information for operating the component
properly? How do you know?

Is there sufficient technical information for maintaining the component
properly? How do you know?

Did the environment mitigate or increase the severity of the occur-
rence? Why?

What changes were made to the system/component immediately after
the occurrence?

What changes are planned to be made? What might be made?

Have these changes been properly and adequately analyzed for effect?

What related changes to operations and maintenance have to be made
now?

Are expected changes cost effective? Why? How do you know?

What would you have done differently to have prevented the occur-
rence, disregarding all economic considerations (as regards opera-
tion, maintenance and design)?

What would you have done differently to have prevented the occur-
rence, considering all economic concerns (as regards operation,
maintenance and design)?
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Approximating Failure Distributions

The four failure rate functions or hazard functions corresponding to
the probability density functions (exponential, Weibull, lognormal and
normal) are shown in Figure A-16.

Exponential

Weibull Lognormal Normal

)

Figure A-16 Failure Rate Functions
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Figure A-17 Weibull distribution
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Documentation Examples

Motor Control Center OJT No. 330J02
Revision Orig.

330.02
01

02
03
04
05 Test individual MCC components

Initial / Date
Standard

The electrical characteristics of each of the following components are checked with appropriate testing
equipment and determined to be within Vendor and AP specifications

Fuses Capacitors
Starters System status indicator lights
Transformers

Test results documented on Work Order or other applicable documentation

Components determined to be out of specification are indicated on the Work Order

Training / Reference Material

AP Standard Practices, Vendor/OEM manuals, AP Engineering Specifications, Electrical Schematics
TPC Unit 210, Lesson One, Troubleshooting with Electrical Schematics

TPC Unit 210, Lesson Four, Troubleshooting Combination Starters

TPC Unit 210, Lesson Five, Troubleshooting Control Devices

06

Figure B-1 Sample of an OJT Training Guide

< it
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TSA 201 - Centrifugal Pumps Exam No.
EXAMINATION Revision No.

201E01

Orig.

1. Centrifugal Pumps are used to:
A. mix fluids with different specific gravities
B. move fluids through a piping system
C. compress gases
D. compress liquids

23. The alignment shown here is known as:
A. vertical angular alignment
B. horizontal angular alignment
C. vertical parallel alignment
D. horizontal parallel alignment

Y
[a | | A la
[\
HE | HHE HH
SHIMS

30. Which of the following best defines the Head Capacity Curve, HCC, for a typical pump?
A. Relationship between power required at different flow rates
B. Identifies the point at which the pump impeller operates at peak efficiency
C. As flow rate increases, total head decreases
D. As flow rate increases, total head increases

Figure B-2 Questions From a Sample Examination
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TQS COMPLETION & VERIFICATION RECORD Document No. 101CV00
Revision Orig.

101 - GENERAL KNOWLEDGE AND SKILLS Date 01/01/02
Page 10f1

EMPLOYEE NAME: EMPLOYEE NO.

INSTRUCTIONS

Each of the following items must be completed in preparation for the written examination. The trainee shall initial and date
each element as completed. The trainee understands that each item listed under TSA headings are completed when initials
are provided.

All knowledge items must be completed before the written examination is administered. The written examination must be
passed before formal on-the-job training commences. The Maintenance Manager shall initial and date adjacent to each
examination requirement indicating that the trainee has successfully completed and passed the required examination.

Classroom Instruction and On-the-job Training Guides are referenced and initialed by the instructor/coach after completion and/or
sufficient practice has been provided and the trainee has demonstrated an acceptable level of proficieny. Once the training
has been initialed, the cognizant Maintenance Supervisor or Coach conducts the Skill Evaluation.

TSA 101 HEADINGS

101.1  Identify common work tools and their function. t rainee initial
101.2  Identify common mechanical processes and their purpose. and date
101.3

101.4

101.9
101.10
101.11 .
101.12 Identify key aspects of the facility safety program and worker safety practices. v

MAINTENANCE MANAGER
Written Exam - 101GO01 Maint. Mgr.
init. & date

When all of the indicated Maintenance Supervisors or Coaches and the Maintenance Manager have initialed this document,
the trainee has completed all required training and examinations and is deemed qualified without restriction for the TSA indicated.

EXPIRATION DATE: None (60 month maximum from date of qualification)

Figure B-3 Typical TQS Completion and Verification Record
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Maintenance Engineering

>

New Bearing—

Planning & Scheduling : Emergency Maintenance 1
1 I
I
i 1
1 1
I
H 1
1 1
I
| 1
: 1
\ 1
| 1
I
| 1 month or more untlil failure: No
I
i 1
: Failure in three to five days: Yes
| 1
I
| 1
1 1
! 1
; 1
I
\ 1
Process WR : 1
1.5 hr. I 1
| 1
i 1
Liaison w/Prod. & Maint. 1
Schedule Urgent Corr. Maint. 1
3.0 hr : 1
1 1
Planned/Scheduled 1
for next day. W.O. Issued
1
1.5 days I
1

Supv. Approves/Assigns work
0.3 hr.

|

1

|

1
From MRO Stlores

1

1
Unpack 1

>0.1 hr. 1

1

1
Inspect
0.2 hr. 1

1

1
Wait for Equip. Shutdown
0.5 hr. 1

1

1
Disassemble Pump
0.5 hr. 1

1

1
Install new Bearing
0.5 hr.

|

|
Reassemble Pump
0.2 hr. 1

|

1
Wait for Equip. Startup
0.4 hr. 1

1

T

1

1

1

1

Note: Each work group's activities are shown in separate columns

Figure B-4 Process Mapping Example
(=

aolidte

Vibration PdM: Hyd Pump #2
0.35 hr.

Vib. Analysis => failing bearing
0.25 hr.

How long to failure?
trend from prior vib. Plots
1.0 hr.

Prepare/Submit Work Req.
to replace bearing
0.5 hr.

Wait for replacement
to be completed

Test Pump &
obtain vib. Plot
0.7 hr.
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Appendix C

Articles of Interest

BEST MAINTENANCE PRACTICES

by Ricky Smith, Executive Director-Maintenance
Strategies, Life Cycle Engineering®

“Best Practices.” These two words have achieved a meaning of their
own within the past decade. The words represent benchmarking standards
for whatever area they are applied to. Nothing is better or exceeds a “Best
Practice.” It is the highest point towards which we measure from the
lowest point. The words are most often applied to the quality of man-
agement. There exist today enormous databases of opinions (author’s
definition) from executives in successful companies and institutions
regarding what constitutes the best business practices, the best manage-
ment styles, the best corporate philosophies. Unfortunately, in some
people’s minds, the words “Best Practices” conjure up some obscure,
always-changing and rarely achievable goal upon which they must focus
with only the faintest hope of ever attaining.

Welcome back to reality. “Best Maintenance Practices” are bench-
marking standards, but these are real, specific, achievable and proven
standards for maintenance management that have made many mainte-
nance departments more efficient, that have reduced facility and plant
maintenance and operating costs, that have improved reliability and that
have increased morale.

If everyone at your facility is satisfied with the existing maintenance
program, why then, should you be interested in “Best Maintenance Prac-
tices”? Most maintenance departments in North America today operate
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at between 10% and 40% efficiency. Nearly 70% of facility equipment
failures can be considered self-induced. These statistics can’t, and
shouldn’t, be acceptable—not to upper management and certainly not to
maintenance managers. These facts alone should generate some amount
of interest in Best Maintenance Practices. Where does your maintenance
department stand in relation to these figures? Do you measure and track
maintenance efficiency? Do you accumulate, analyze and categorize data
on equipment failures? Do you track maintenance costs for unplanned
repairs or overtime? If you do none of these things, then you probably
have no idea if you are the same as, better or worse than these averages.

“The significant problems we face today cannot be solved with the
same level of thinking we were at when we created them.”
—Albert Einstein

This article will introduce you to “Best Maintenance Practices,” define the
standards and show you the results you can expect from targeting and
reaching the performance levels of Best Maintenance Practices. It will
also provide you with detailed methods, strategies and actions you can
put into use immediately to develop your facility’s plan for implement-
ing Best Maintenance Practices.

Best Maintenance Practices are actually defined in two separate cate-
gories. There are the standards, which are the measurable performance
levels of maintenance execution;then there are the methods and strategies
that must be practiced in order to meet the standards. Together, the com-
bination of standards and methods and strategies are elements of an Inte-
grated Planned Maintenance system. As shown in Figure 1, achieving Best
Maintenance Practice Standards (classified as Maintenance Excellence),
shown in gold,is accomplished through an interactive and integrated series
of links with an array of processes, methods and strategies, shown in green.

Before we define the standards for Best Maintenance Practices, it may
be a good idea to make sure that we all have in mind the same idea of
what maintenance means:

Maintenance:
(a) to keep in its existing state
(b) preserve; continue in good operating condition; protect

“Proactive Maintenance is the Mission”

Surprisingly, there are a substantial number of people who do not know
the meaning of maintenance. At least the way they practice maintenance
would indicate this. In practice, the prevalent interpretation of mainte-
nance is to “fix it when it breaks.” This is a good definition for repair, but
not maintenance. This style of maintenance is Reactive. As stated above,
the mission is Proactive Maintenance. Here is another definition worth
remembering:
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Figure C-1 Integrated Planned Maintenance System

Discipline:

(a) Self-control or orderly conduct

(b) Acceptance of or submission to authority and control; orderliness;
order; control; self-control; subordination to rules of conduct,
system, method

THE STANDARDS FOR BEST MAINTENANCE PRACTICES

* 100% of maintenance person’s time is covered by a work order

®* 90% of Work Orders are generated by Preventive Maintenance
inspections

® 30% of all labor hours are from Preventive Maintenance

* 90% of planned/scheduled work compliance

¢ 100% reliability is reached 100% of the time

¢ OEE over 85%

e Spare parts stock outs are rare (less than one per month)

e Overtime is less than 2% of total maintenance time

e Maintenance budget is within +/— 2% per piece of equipment

Anyone may claim to be a maintenance expert, but the conditions within

a facility/plant generally cannot often validate that this is true. In order

to change the organization’s basic beliefs, the reasons why an organiza-

tion does not reach out to achieve these standards in the maintenance of
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their equipment must be identified. Two of the more common reasons
that a facility does not follow best maintenance practices are:

Maintenance is totally reactive and does not follow the definition of
maintenance, which is to protect, preserve and prevent from decline (reac-
tive plant culture).

The maintenance workforce lacks either the discipline to follow best
maintenance practices, or management has not defined rules of conduct
for best maintenance practices.

The potential cost savings of implementing Best Maintenance Practices
can often be beyond the understanding or comprehension of manage-
ment. Many managers are in a state of denial regarding the impact of
maintenance. As a result, they do not believe that maintenance practices
directly reflect on an organization’s bottom line or profitability. More
enlightened facilities have demonstrated that, by reducing the self-
induced failures, they can increase equipment reliability by as much as
20%. Other managers accept lower reliability standards from mainte-
nance efforts because they either do not understand the problem or they
choose to ignore this issue. A good manager must be willing to admit to
a maintenance problem and actively pursue a solution. How can you
actively pursue a solution?

¢ Be Proactive, Disciplined and Accountable
e Manage to Maximize Available Resources
e Manage based on Information:

CMMS

Production/Operation Reports

Feedback from Work Reports

The major emphasis for actively pursuing solutions for maintenance inef-
fectiveness should be on proactive thinking. Adopting a proactive
approach to maintenance will improve maintenance effectiveness dra-
matically and more rapidly than instituting an aggressive program of
maintenance effectiveness improvement within the confines of the orga-
nizational and cultural environment of an existing, predominantly reac-
tive maintenance program.

The standards for Best Maintenance Practices at the Maintenance
Management level flow down to “equipment specific” best maintenance
practices that, again are benchmarks for performing preventive main-
tenance. Table C-1 illustrates a few of the typical equipment best main-
tenance practices that should become familiar, well recognized and sought
after objectives of all maintenance department personnel.
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Figure C-2 Maintenance Effectiveness Improvement

Looking through this very abbreviated “Equipment Best Maintenance
Practices” table, ask yourself whether your facility follows these guide-
lines. The results will very likely surprise you. You may find that these
practices are not only not achieved in your organization, they are not even
targeted as maintenance department objectives. In order to fix the
problem, you must understand that the culture of the organization is at
the bottom of the situation. Changing the culture is a daunting challenge;
it is basic human nature to resist change. Salesmanship plays an impor-
tant part in moving from a reactive to a proactive maintenance organi-
zation, which is essential if you are to succeed at the Best Maintenance
Practices stratagem. There has to be a shift in mentality to allow the
planning and scheduling process to work. It has been shown that when
maintenance is planned and scheduled, a 25-person maintenance force
operating with proactive planning and maintenance scheduling can
deliver the equivalent amount of work of a maintenance crew of forty
persons working in a reactive maintenance organization. Selling this
concept before making the needed changes can go a long way towards
easing the transition. The compelling personnel aspects of the proactive
approach to maintenance include improved employee effectiveness,
fewer “extended” work days, increased self-pride and the resulting
improvement in employee morale.
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Planning your transition for the implementation of Best Maintenance
Practices is essential. Timelines, personnel assignments, documentation
and all the other elements of a well-planned change must be developed
before changes actually begin to take place. The following list of proac-
tive maintenance organization attributes are the significant parts of the
new approach and therefore need to be addressed in the transition plan.

e Maintenance Skills Training

e Work Flow Analysis and Required Work Flow Changes (Organiza-
tional)

e Work Order System

¢ Planned, Preventive Maintenance Tasks/Procedures

e Maintenance Engineering Development

e Establishment, Assignment and Training of Planner/Scheduler

e Maintenance Inventory and Purchasing Integration/Revamping

e Computerized Maintenance Management System

e Management Reporting/Performance Measurement and Tracking

e Return on Investment (ROI) Analysis

e Evaluate and Integrate use of Contractors

Maintenance Skills Training—Determine what the training is meant to
accomplish. Performing a Job Task Analysis (JTA) will help you define
the skill levels required of maintenance department employees. The JTA
should be followed with a Skills Assessment of employee knowledge and
skill levels. Analyze the gap between required skills and available skills
to determine the amount and level of training necessary to close the gap.
Instituting a qualification and certification program that is set up to
measure skills achievement through written exams and practical skills
demonstration will provide you with feedback on training effectiveness.
It will also assist in resource allocation when scheduling planned/preven-
tive maintenance tasks.

Work Flow—One element of the transition planning process that can
be a major stumbling block is analyzing existing work flow patterns and
devising the necessary work flow and organizational changes that must
be made to accommodate your Computerized Maintenance Management
System (CMMS). This process can be extremely traumatic for the
employees involved, primarily because it’s the nature of the beast to resist
change. When work flow shifts from a reactive to a proactive posture,
planned and scheduled maintenance will replace the corrective mainte-
nance style. Your CMMS will provide insights into organized, proactive
work flow arrangements through its system modeling. Although you can
tailor work flow and organizational attributes to match your facility’s
unique requirements, it must still work within any constraints imposed by
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Figure C-3 Proactive Maintenance Model

CMMS Software. Of primary importance here is keeping focused on ulti-
mate objectives—a proactive maintenance organization that will assist in
reaching the standards of Best Maintenance Practices.

Work Order System—You probably have an existing work order
system that is at least loosely followed. Here again, your CMMS will help
you in defining changes to, or complete restructuring of, any existing work
order system. The Work Order will be the backbone of the new proactive
maintenance organization’s work execution, information input to and
feedback from your CMMS. All work must be captured on a work
order—=8 hours on the job equates to 8 hours on work orders. You will
need to define the types of work orders your organization will need. They
will include categories such as planned/scheduled, corrective, emergency,
etc. The Work Order will be your primary tool for managing labor
resources and measuring department effectiveness.

Planned, Preventive Maintenance Tasks/Procedures—Development of
maintenance task documentation will most likely be one of the most time
consuming requirements of your proactive maintenance approach, unless
you already have in place the written procedures that will be used to
accomplish maintenance. Procedural documentation should include
standardized listings of parts, material and consumable requirements;
it should identify the craft and skill level(s) required to perform the
task and a frequency (or operating-time-based period) of performance.
Categories of maintenance procedures that will be included in planned
maintenance documentation include:
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e Routine Preventive Maintenance (lube, clean, inspect, minor com-
ponent replacement [e.g., filter], etc.)

e Proactive replacements (entire equipment or major component—
time based or operating hours)

¢ Scheduled rebuilds or overhauls

e Predictive Maintenance (oil analysis, vibration monitoring, etc.)

¢ Condition Monitoring/Performance Based Maintenance (changes in
feed speed, changes in head-flow operating point, etc.)

e Corrective Maintenance

Maintenance Engineering Development—If your facility does not
have a Maintenance Engineering section, one should be established. The
functions and responsibilities of new or existing maintenance engineer-
ing groups should be reviewed and revised to integrate and enhance the
proactive maintenance organization. One of the alarming statistics
mentioned earlier indicated that up to 70% of equipment failures are self-
induced. Finding the reasons for self-induced failures, and all failures, is
a responsibility of maintenance engineering. Reliability engineering is the
primary role of a maintenance engineering group. Their responsibilities
in this area should include evaluating preventive maintenance action
effectiveness, developing predictive maintenance techniques/procedures,
performing condition monitoring, planning/scheduling, conducting foren-
sic investigations of failures including root cause analysis and performing
continuous evaluation of training effectiveness.

Establishment, Assignment and Training of the Maintenance Planner/
Scheduler—Whenever maintenance is performed, it is planned. It’s a
question of who is doing the planning, when they are doing it, to what
degree and how well. Separation of planning from execution is a general
rule of good management and good organizational structure. The respon-
sibilities of the planner/scheduler are diverse, and although he or she must
be familiar with the maintenance process, he or she must also be a good
administrator and have the appropriate level of authority to carry out his
or her role of labor usage scheduling and interfacing between many
departments within the organization. The following are typical respon-
sibilities that should be assigned to the Planner:

e Establish Equipment Numbering of all Equipment

e Develop PM Program on Each Piece of Equipment

e Ensure Accuracy of Equipment Bill of Materials

e Maintain Equipment History in CMMS as Detailed and Complete
as Possible

e Review Equipment History for Trends and Recommend Improve-
ments

oo aolaitd



wwwempediaeir

Appendix C: Articles of Interest 229

e Provide Detailed Job Plan Instructions (PM Procedures)

e Determine Part Requirements for Planned Jobs

e Provide Necessary Drawings for Jobs

¢ Ensure Drawings are Revised and Current

e Arrange for Special Tools and Equipment

e Coordinate Equipment Downtime with Production/Operations
e Inform Production/Operations of Job Progress

e Provide Cost Information from Equipment History

e Assist with Development of Annual Overhaul Schedule

e Publish Negotiated Weekly Maintenance Schedules

The function of the Planner/Scheduler is pivotal to proactive mainte-
nance. The position is crucial to a successful proactive maintenance
approach and, therefore, vital to attaining Best Maintenance Practice
standards. His assignment must be critically evaluated and he should be
provided with specialized and in-depth training in his or her new role.

Maintenance Inventory and Purchasing Integration/Revamping—The
cost of (parts) inventory is almost always an area where cost reduction
can be substantial. With the help of suppliers and equipment vendors,
purchasing can usually place contracts or Basic Order Agreements
(BOA) that guarantee delivery lead time for designated inventory items.
It just makes sense that your facility should shift the bulk of the cost of
maintaining inventory to them.

Begin by identifying your facility’s parts, material and consumable
requirements. All the inventory requirements data should be entered into
your CMMS. If you don’t already have this data, equipment vendors can
be very helpful since they usually maintain parts lists by equipment type
and model. It may even be formatted such that it can be directly down-
loaded to your system. The parts requirements of planned/preventive
maintenance tasks should then be used (your CMMS should perform this
function) to generate a parts list for the planned/preventive category of
work order. These are items that do not need to be in your physical inven-
tory through the use of JIT vendor supplied BOAs.

Bar coding, continuous inventory, demand and usage data can be inte-
grated through the use of CMMS to minimize on-hand inventory and still
avoid stock outs.

Computerized Maintenance Management System—The discussion to
this point has assumed that your facility has a Computerized Maintenance
Management System in place. If not, or if your CMMS does not have
some of the capabilities discussed here, it is certainly time to think
“upgrade.” An effective CMMS is critical to an organized, efficient tran-
sition to a proactive maintenance approach.

oo aolaitd



wwwempediaeir
230 Lean Maintenance

Even if your CMMS has all the capabilities needed, the transition
process is an ideal time to validate the completeness and accuracy of the
various CMMS module databases, particularly the equipment database.
GIGO (Garbage in, garbage out) is a phenomenon that can impede or
prevent you from ever achieving the standards of Best Maintenance
Practices. It is also a good time to refine your work control system and
to determine that the output data (CMMS report generator) is adequate
to meet each user’s individual requirements.

Management Reporting/Performance Measurement and Tracking—
Hand-in-hand with the CMMS review and/or upgrade is the “report gen-
erator” function just mentioned. The CMMS output should be providing
maintenance, engineering, production/operations, purchasing, accounting
and upper management with accurate, effective and useful tools for eval-
uation and management. You may find that your CMMS is in need of an
add-on “report generator” module or even another vendor’s Report Gen-
erator software to integrate with your CMMS. At a minimum, the types
of reports and data tracking you should obtain from your CMMS include:

e Open Work Order Report

¢ Closed Work Order Report

e Mean Time Between Failures
e “Cost per” Reports

¢ Schedule Compliance Report
¢ PM Effectiveness Report

e Labor Allocation Report

e Parts Demand/Usage Report
e Stores Efficiency Report

Return on Investment (ROI) Analysis—Justification of everything in
business today is based on cost. You probably have historical data accu-
mulated on productivity/operating costs, maintenance labor costs, main-
tenance material costs, inventory carrying costs and reliability/availability
data; these are your key performance indicators (KPIs). Even if the data
is not in these particular formats, the information for deriving this infor-
mation is bound to be available. If necessary, meet with your IT group
and accounting to determine how to best derive these cost figures. You
will need the cost data for a minimum of the two-year period prior to
beginning your transition to a proactive maintenance organization. Once
you begin the planning and implementation of the changes, upgrades, etc.,
you will need to separate the development costs from the routine and
normal operating costs of your facility to determine the total cost of
implementing Best Maintenance Practices. When transition has been
completed, accumulate the same cost and performance data, for your
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KPIs that you obtained for the period prior to implementation. Obtain-
ing this information must be planned for ahead of time so that you don’t
end up comparing apples and oranges and that you determine your real
return on investment (ROI).

A.T. Kearny generated information, for the three year period fol-
lowing the implementation of a proactive, best maintenance practice
approach in a previously reactive maintenance organization, provides the
following averages:

e Productivity Increase: 28.2%
e Decrease in Maintenance Material Cost: 19.4%
e Increase in Equipment Reliability and Availability: 20.1%
e Inventory Carrying Cost Reduction: 17.8%

Depending on the size and operating costs of your facility, your realized
ROI can go positive in less than three years based on typical transition
costs.

Evaluate and Integrate Use of Contractors—A final item to consider
when incorporating Best Maintenance Practices is integrating the use of
contractors into your facility maintenance and maintenance engineering.
Again, it is necessary to determine costs for in-house performance and
compare them to the costs of contracting out selected efforts. This will
also likely be a function of total facility size and operating costs.

Some of the maintenance or maintenance engineering efforts that
may be considered as potential candidates for contractor performance
include:

e Maintenance (performance of)

Capital Improvement and/or Expansion Programs

e Predictive Maintenance (e.g., Vibration Monitoring and Analysis, Oil
Analysis)

e Condition Monitoring (e.g., Equipment Performance Tests)

e Etc.

Any maintenance activities that do become a contractor function must
still have relevant information/data collected and entered into your
CMMS. All requirements that will be contracted to outside providers
must be completely defined and should include a listing of the
contractor’s responsibilities and expectations prior to awarding any
contracts. Formatting data for direct input to CMMS is an example
of a requirement that a contractor would not routinely provide services
for.

You have been introduced to “Best Maintenance Practices” (BMP) and
have seen that plants and facilities today are not only failing to achieve
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Best Maintenance Practice standards, but on the average, aren’t even
approaching acceptable maintenance effectiveness levels. You must ask
yourself two fundamental questions:

e Where does my facility/plant stand relative to Best Maintenance
Practices?
e Can I accept our existing maintenance effectiveness?

You must answer these questions for yourself and determine your accep-
tance level for performance. If you think it’s time to bring you and your
facility out of ineffectual practices and into cost savings, enhanced relia-
bility and recognizable distinction, you will need to establish Best Main-
tenance Practices as your standards of performance. Hand-in-hand you
must make a transition from a reactive maintenance organization to a
totally proactive structure. The process isn’t an overnight project. It will
take time, effort and planning to accomplish. Above all, the transition
requires commitment from all levels of your organization. The tools and
planning strategies presented here will help tremendously once that com-
mitment is made.

About the Author:

Mr. Smith is the Executive Director, Maintenance Strategies for Life
Cycle Engineering. Mr. Smith is the co-author of The Maintenance
Engineering Handbook, the Plant Engineering Handbook and
Hydraulic Fundamentals. His contact information is: email:
rsmith@LCE.com, www.LCE.com

ASSESSING YOUR MAINTENANCE TRAINING NEEDS

Ensuring That Training Fulfills Your Requirements Is
Critical to Success

By Ricky Smith—Executive Director, Maintenance
Strategies—Life Cycle Engineering ®

How do you know where to start with maintenance skills training? For
many of us, that’s the million-dollar question. That training is needed is
usually self-evident. But what kind of training, in which areas, and how
much training are questions not easily answered. That’s what needs
assessments are about.
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In the Beginning

The first step in a needs assessment is to identify the problem and then
determine if training will provide the answer. Many companies expect
training to be the “silver bullet.” But in most cases, it is only part of the
real problem, which is lack of an organized and disciplined maintenance
process. The diagram in Figure C-4 illustrates that many factors need to
be brought together in an integrated maintenance process.

As management looks at all of these aspects of their maintenance orga-
nization, they need to find the answers to some basic questions:

e Will training resolve my problem?

e How much money will I save by implementing this training program?
e How much will the training cost?

e [s there a payback on this training?

Some hints at the answers to these questions can be found in a study
funded by the U.S. Department of Education with the Bureau of Census
to determine how training impacts productivity. Some of the eye-opening
results were:

e Increasing an individual’s educational level by 10% increases pro-
ductivity by 8.6%

¢ Increasing an individual’s work hours by 10% increases productiv-
ity by 6.0%

¢ Increasing capital stock by 10% increases productivity by 3.2%

Of course, training alone is not sufficient. The development and imple-
mentation of a maintenance skills training program must be part of a well-
developed strategy. Skill increases that are not utilized properly will result
in no changes. Once an individual is trained in a skill, he or she must be
provided with the time and tools to perform this skill and must be held
accountable for his or her actions.

Will Training Solve My Problem?

To answer the question, we must look into the problem. We know from
research that 70% of equipment failures are self-induced; that is, equip-
ment failures caused by the introduction of human error.

Not all self-induced equipment failures are maintenance related. Some
will be induced by operator error; others, by being bumped by vehicles or
other equipment, etc.

Work orders are the best source of information to determine self-
induced equipment failures. We must identify the true cause of the
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failures through random sampling of the work orders of equipment
breakdowns over a three-month period. The question to be answered:
Was lack of skill the problem (self-induced failures)?

If lack of skill was the major problem, then you can easily estimate the
losses due to lack of skills. First, add together the cost of production losses,
the cost of maintenance labor and the cost of repair parts. Then multiply
this sum by the percentage of maintenance labor hours attributable
to emergency (self-induced) breakdown work orders. The final figure will
be a rough indication of what your plant skills deficit is costing you.

Perform a Skills Assessment

The skill level of the maintenance personnel in most companies is well
below what industry would say is acceptable. Life Cycle Engineering has
assessed the skill level of thousands of maintenance personnel in the
United States and Canada and found that 80% of the people assessed
scored less than 50% of where they need to be in the basic technical skills
to perform their jobs.

A maintenance skills assessment is a valuable tool in determining
the strengths and weaknesses of a given group of employees in
order to design a high-impact training program that targets those
documented needs. The skills assessment should be based on the critical
skills.

Maintenance personnel have often found it difficult to upgrade their
technical skills because much that is available is redundant or does
not take their current skill level into consideration. The assessment is
designed to eliminate those problems by facilitating the construction of
customized training paths for either individual of the group based upon
demonstrated existing knowledge and skills.

When the assessment is used in conjunction with a job task analysis, a
gap analysis can be performed to determine both what skills are needed
in order to perform the job effectively and what skills the work force
presently has. All training must be based on a job task analysis.

You must then fill the gaps with training that is performance based.
This analysis detail identifies the exact task needed in each skill area so
that all training is developed based on the actual job requirements. Gap
analysis also ensures that training is EEOC compliant.

Each skill area in a skills assessment should have three components:

e Written: identifies the knowledge required for a specific skill; theo-
ries, principles, fundamentals, vocabulary and calculation should be
among the skills tested.
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¢ Identification: assesses knowledge in specific skill areas; employees
are asked to name components and explain their uses in this oral
assessment.

e Performance: assesses the critical skills required; to analyze this
aspect, employees carry out typical maintenance tasks in accordance
with generally accepted work standards.

The written assessment may be proctored by the plant’s own personnel.
But certified assessors from an outside agency or a local technical school
should perform the identification and performance portions of the skills
assessment. This practice ensures that the assessor does not have pre-
conceived notions about what someone knows. Here’s an example of why
this precaution is important: During an assessment at a paper mill, the
maintenance manager pointed to one of his employees and said, “See that
man, he is the dumbest mechanic I have.” The results proved otherwise.
Out of 250 mechanics he rated as the fifth most skilled.

The resulting assessment data should be analyzed and compiled into a
series of reports that depict scores in three ways (see accompanying
charts):

e Company summary, showing a composite of all personnel tested

e Subject results, showing the scores of all personnel tested by subject
area

e Individual test results, showing scores of all personnel tests by person

The results should be shared with company management as well as with
the individuals tested.

The assessment report becomes a benchmark study on the status of
your existing maintenance work force and is useful as the tool against
which to measure progress or as the profile against which to hire new
employees in order to round out the department.

After completion of the assessment process, you can begin work to
establish performance standards for each employee or for the group,
develop a training plan to address the identified needs, develop curricu-
lum to meet those training goals or deliver training in the targeted skills.

Increasing pressure to improve productivity and reduce costs is forcing
organizations to search for innovative solutions. Targeted training is both
effective and efficient, regardless of whether the goal is to design a full
apprentice-to-journeyman program or just identify skills for high-impact
brushing up.

Time and money spent on a training needs assessment will help
you get the most out of the limited training dollars available by helping
identify the training opportunities allowing money to be allocated
effectively.
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Facing the Facts About Maintenance Skills

e Most companies do not have fully skilled maintenance personnel

® You cannot fire everyone that is incompetent

e Hiring skilled maintenance personnel is difficult

e Most repetitious equipment problems that cost companies bil-
lions of dollars a year are a direct result of skill deficiencies

e A person that feels competent is a better worker and is moti-
vated easier

e Often maintenance personnel are disciplined because of skill
deficiency, not because of a lack of concern or commitment

e People become frustrated or stressed when they do not know
the proper way to do a specific task

e Companies spend millions of dollars a year on maintenance
training without regard to the results expected from it or
without a way of measuring results (money spent does not
always equal value received)

While skills training is important, it is only one factor among the many
that make a successful maintenance operation.

Maintenance
Organization/
Structure

Failure Evaluation/
Continuous Improvement

Shop Stores
Inventory =

Equipment
Database

Maintenance
Excellence

Management
Support & Measures
Kills/Training of Effectiveness

Maintenance
Planning Maintenance
Scheduling Tasks/Procedures

Figure C-4 The Integrated Maintenance Process
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Sample: Company Summary

0000M ABC Company Mechanical
Charleston, SC
Company Summary
Written
| 610M Welding 1 I
100M Mech. Principles i |
110M Mechanical Drives ! [
140M Hydraulics |
120M Bearings l
150M Pneumatics |
130M Couplings and Alignmt. - |
020M Blueprints [Tt [ | 1 ___
0 10 20 30 40 50 60 70 80 90 100
| Percent Correct
| . .
Performance =
110M Mechanical Drives I [
130M Couplings and Alignmt. 8 |
610M Welding | 3 i =Y | |
620M Oxy-Acetylene Cutting [IZ I E I 25 A== i
0 10 20 30 40 50 60 70 80 90 100
Percent Corract
Identification =
140M Hydraulics | I i i i J =
130M Couplings and Alignmt. * |
Y] 10 20 30 40 50 60 70 80 90 100
Percent Corract

Perf D Avg | Training Level |
9 | 22 Extensive |
il 26 Extensive |
9] 33 9 34 Extensive B
9 37 Extensive
9 40 Extensive |
| _610M Welding 24 9| 69 9 46 Extensive
140M_Hydraulics 35 9 9 3 Moderate
130M_Couplings and Alignmt. 46 9" 43 9| 77 9 5 Moderate
020M Blueprints 59 9 9 Moderate |
|_620M Oxy-Acetylene Cutting | 70 @ 70 Moderate |
[ Over 36 54 74 55 Moderate ]

Overall | 36
ber of

Figure C-5 Sample: Company Summary

Data gathered in the skills assessment process should be analyzed in
three ways: by each skill for the entire plant or company (company
summary), overall skill level for each employee (skill summary) and by
each skill for each individual (individual summary). See Figure C-5.
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