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Abstract:

Machinery lubrication is critical to reliability efforts at a power plant. Numerous
studies cite poor or ineffective management of the lubrication process as a
leading cause of forced plant outages. Poor lubrication also compromises efforts
to extend intervals between and reduce the duration of scheduled outages.
Precision machinery lubrication is a profit-driven, holistic strategy to engineer
lubrication maintenance activities and the organization that carries them out. It
employs engineered, procedure-driven techniques to optimize lubricant selection,
fubrication management and application techniques, organization training and
development, and the employment of world-class lubricant analysis techniques.
It delivers consistently high lubrication quality that maximizes profit by optimizing
lubrication-related costs to own and operate machinery.

Introduction

Due in large part to changes in the business environment, the demand for power
plant equipment reliability has never been higher. Management demands zero
unplanned outages, increased duration between scheduled outages and reduced
duration of scheduled outages. This represents a difficult challenge for
equipment maintainers. In response, plant operators are purposefully increasing
the precision with which they carry out equipment maintenance.

In response to the challenge, power generatioh companies have been
implementing Reliability-Centered Maintenance (RCM) and other techniques
designed to optimize equipment maintenance. These techniques involve a
systematic evaluation of the reliability of the plant's systems, subsystems and
components relative to mission criticality and cost of failure (Figure 1). For
critical and important machines, deployment of advanced maintenance tactics is
usually the least expensive way to achieve reliability goals, and it does not
require capital expansion of the plant. A significant portion of the reliability goal
can be achieved through the deployment of precision lubrication, which combines
engineered machinery lubrication practices with effective lubricant analysis.
Pareto analysis reveals that poor lubrication induced failures are a major
contributor to maintenance costs and machine failure, and should be an area of
focus for the typical power plant. .




RCM is the systematic process with
which fo optimize operational reliability
and associated maintenance factics with

respect fo operational requirements.

Figure 1 — Reliability Centered Maintenance (RCM) Evaluates Equipment Reliability
Relative to Mission Requirements. In-Plant, the Typical Choice for Reliability
Improvement is Through the Deployment of Advanced Maintenance Tactics, Including
Precision Lubrication.

In one study, General Electric reported that lube oil problems are the single
largest contributor to turbine generator-related forced outages, which as an
equipment class, is responsible for approximately twenty percent of the forced
outages at a power plant. When considering the plant as a whole, effective
lubrication is a must-have element in the pursuit of equipment reliability. As an

example, Baltimore Gas & Electric reported exceptional value from their focus on

precision lubrication (Figure 2). Management should look closely at lubrication
practices as an opportunity to increase the reliability of plant equipment. This
paper outlines the key elements necessary to achieve precision in machinery
lubrication and is designed to serve as a high-level checklist of the key
parameters required to succeed. A detailed evaluation of the plant’s

performance on each of these key elements is suggested to identify and prioritize

opportunities for improvement and to develop and implement an action plan.
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Figure 2 - Baltimore Gas and Electric’s Reported S'avings from Deploying
Advanced Maintenance Techniques — Lubrication and Oil Analysis is a Key

Contributor.

Elements of Precision Lubrication

Precision lubrication can’t be simply defined on one dimension. Rather, itis a
collective of several dimensions of machinery lubrication. We have identified 12
key elements of precision lubrication, which are addressed here (not in order of
importance). Each of these key elements represents a component of the
foundation of a precision lubrication program. As is often the case, a glaring
weakness revealed during an audit in one area can substantially compromise the
effectiveness of the program as a whole (Figure 3). Recognition of these
weaknesses empowers management to effect change. Each key element has
numerous sub-elements. These subelements are not detailed herein. Rather,
this paper serves to provide management with an overview of the major points.
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Figure 3 - The "Spider Diagram” is a Multidimensional Scaling Technique to
Provide a Quick Lock at the Plant’s Overall Performance on the Key Indicators of
Precision Lubrication.

Standards, Consolidation and Procurement

In an ideal world, the perfect lubricant should be used for each machine, given its
mechanical design and the demands of the application and the environment in
which it operates. Unfortunately, this is often impractical because of the need to
keep the number of products used to a manageable level. The objective of
lubricant consolidation is to reduce the number of products being used without
compromising the quality of equipment lubrication. Begin the process by
identifying obvious duplicates, or identical specification products bought from
multiple suppliers. Next, evaluate the technical requirements of the machine to
determine which lubricant is actually required. This should incorporate a review
of service manuals and specifications and make adjustments as required to
account for application and environment severity.

In conjunction with consolidation, technical standards should be developed for
each lubricant. A technical standard defines, in technical terms, the required
physical, chemical and performance properties required for each lubricant in use.
Developing technical standards for lubricants is a departure from the common




use of brand-oriented specifications, but it adds precision to machinery
lubrication, and improves the effectiveness of the purchasing process. We often
hear purchasing organizations blamed for buying an inferior product. Typically, a
review of these situations reveals a lack of a standard, or a standard that is
incomplete or imprecise. Good engineering is a must for effective lubricant
purchasing.

Periodically it is necessary to adjust the lubricant specification for a machine, but
these decisions should not be made casually. The practice of making ad hoc
changes to the lubricant specification, or employing miracle additives in hopes of
finding a “silver bullet” is usually a counterproductive activity, leaving a trail of

- sludge, deposits and failures in its wake. While changes or upgrades to the
lubricant specification are occasionally required to solve problems and/or take
advantage of new lubricant technology, proposed revisions should go through a
technical review process. Once a change has been made, revise technical
specifications and machine assignments accordingly.

Storage and Handling

Proper storage and handling are critical to effective lubrication. It is common to
see lubricants stored outside, in improperly marked containers, with little or no _
attention paid to inventory management. Likewise, lubricants are often delivered
to the machine in incorrect containers, or using poor procedures. These poor
practices substantially compromise the quality of machinery lubrication. It is

wrong to assume that new oil is by definition good oil. Lubricants can degrade in
storage, especially if they are exposed to water and/or high temperatures. More
commonly, however, they arrive to the plant contaminated or they become
contaminated during storage (Figure 4). Precision lubrication can’t be achieved
without taking control of storage and handling practices.

Good lubricant storage starts with good receiving practices. Bulk deliveries
should be filtered during transfer and, if possible, tested for cleanliness and
_properties conformance. Drum deliveries should be visually inspected for
container condition and labeling. As with bulk oil deliveries, testing drum-packed
new lubricants upon delivery provides positive feedback about their cleanliness
and quality.




Figure 4 - Outdoor Storage of Lubricants is a High Risk Activity.

Once properly received, protect the lubricants in storage by storing them in cool
areas, minimizing variation in temperature and protecting them against exposure
to contamination. Setting storage life limits, using date stamps on drums and
containers and employing a first-in, first-out (FIFQ) inventory system reduces the
risk that a lubricant will be put into service past its prime.

Oil Sampling Techniques

Oil analysis is a critical component of precision lubrication, and no activity is
more important to oil analysis than sampling. The sample creates a quality
ceiling above which the overall oil analysis process can't pass. When
photographing a person or an object, the set-up of the camera and even focusing
the camera are secondary in impottance to pointing the camera’s lens in the
direction of the person or object being photographed. Representative sampling
assures that the oil analysis is pointed in the right direction.

The location from which the sample is drawn largely determines the usefulness
of the oil analysis data. Sampling from reservoirs or after filters dilutes and
removes information from the lubricant that is important to evaluating machine
health. Installing appropriate hardware on thé machine, proper flushing,
consistent use of the right procedure and correct handling of sample all influence




the quality of oil analysis. The task of obtaini'ng a representative sample has
numerous subelements, any of which can compromise quality if overlooked.
Fortunately, none of the elements are particularly difficult or expensive to
achieve.

Contamination Cbntro!

Contamination, in its various forms, is a root cause of machine wear and
lubricant degradation, which leads to equipment failure and unreliability. Hard
particles abrade, erode and fatigue machine surfaces by interfering with the
razor-thin film of separation that the lubricant provides. This can significantly
compromise equipment life and reliability. Conversely, precision contamination
control can be a real moneymaker for the organization (Figure 5). Chemically -
reactive particles of (i.e., copper and iron) promote degradation of the lubricant
itself by catalyzing the oxidation process. Water contamination results in rust on
iron and steel surfaces, promotes acid corrosion, exacerbates particle-induced
wear, and results in vaporous cavitation. Air, heat-and other contaminants
fuither compromise machinery and lubricant reliability.
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Figure 5 - Reducing Contamination at BHP Steel Resulted in a Substantial
Reduction in Bearing Failures, Despite the Fact that Throughput Speed
Doubled!

A good contamination control program starts with application specific target
cleanliness levels, and balances exclusion and removal techniques to achieve
those targets. The machine’s mechanical sensitivity to contamination and its
criticality to the operation drive the selection of cleanliness targets. As a rule, it is



less expensive to exclude contaminants by managing new oil, employing high
quality vent filters and upgrading and maintaining seals. After exhausting
reasonable options to exclude contamination, attention turns to filtration.
Increasingly, filtration systems are being upgraded to achieve modern target
cleanliness levels. In many cases, portable lubricant conditioning rigs are being
used to periodically purify the lubricant in machines that are not equipped with
filtration. This technique is being used effectively on machines where
contamination control has never been considered, like gearboxes, vertical

motors, etc.
Training, Skill Standards and Certification

Unfortunately, machinery lubrication has not historically enjoyed much prestige in
the plant. Many organizations have completely eliminated the “lube tech” and
pushed activities to operators, or simply dealt with lubrication tasks on a catch-
as-catch-can basis. Of those organizations that do dedicate employees to
equipment lubrication, the best performers are often lifted away and redeployed
in other activities that are deemed “more important.” Despite the fact that
improper lubrication is regularly cited as a leading cause for equipment failure,
the act of lubricating machines is usually trivialized. To achieve precision
lubrication, this scenario must be replaced with one where the skills of the lube
tech are valued and rewarded. '

Lubricating machinery properly combines elements of science and an art. It
requires attention to detail in performing the “Four Rights” of lubrication: Right
Lube, Right Place, Right Amount and Right Condition. While this may sound
simple, it requires a skilled and trained individual to perform the Four Rights
effectively. Evidence of this can be seen in the frequency with which oil analysis
reveals that the wrong lubricant went into the wrong machine, or in the failed
bearing seals and corroded windings of motors that have been overgreased.
Individuals who are responsible for carrying out and/or supervising lubrication
tasks must receive adequate training to build skills, and have those skills certified
in order to truly achieve precision lubrication. Management should value the
skills offered by the lube tech and provide the individuals responsible for carrying
them out have a career track so they can perform their work with a sense of pride
and purpose.

Lubrication/Relubrication Practices

Odd as it may seem, few organizations have engineered processes for
lubricating and relubricating machines. This often prompis the question: once
the lubricant is properly selected, what is involved to properly lubricate a
machine? There is more to it than meets the eye. Greasing bearings, for
example, requires calculation of the optimized volume of lubricant to apply and
the frequency with which to apply it. Is a grease gun really the best method for
greasing that bearing, or would a single point applicator, centralized system, or




even a mist system do a better job, reduce cost, or eliminate safety risks
associate with lubricating a hard-to-reach component? Likewise, should a
gearbox be fit with a quick-connect fitting so that oil can be added through a filter
cart without opening the system and exposing it to the environment? These and
many other questions must be addressed.

Even the apparently simple act of draining the lubricant is deceptively complex.
An oil drain usually leaves between five and sixty percent of the old lubricant in
the system, unless the system is flushed. Leaving even a small residue of
oxidized lubricant in the sump or reservoir can compromise the entire anti-
oxidant additive package of the new oil, making the oil change a temporary stop-
gap solution at best. Tagging of machines, selecting appropriate containers for
intermediate transfer, labeling containers, calibrating grease guns, adjusting and
maintaining automated lubrication systems are a few of the many other elements
of effective lubrication and relubrication (Figure 6).
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Figure 6 — Tagging the Machine is Just One of the Many Elements of Achieving Effective
Lubrication and Relubrication.

Lubricant Analysis

For oil-lubricated systems, lubricant analysis is the feedback loop that assures
the effectiveness of the plant’s equipment lubrication program. Historically
fimited to supporting oil change decisions, lubricant analysis is coming of age in
plant maintenance programs. While monitoring the health of the lubricant is still



important, the role of oil analysis has expanded to include contamination control
and wear debris analysis. The additions of which significantly increase the value
of oil analysis to the plant. :

Given the importance of contamination control in the pursuit of machine
reliability, oil analysis is a natural requirement to provide positive feedback that
target conditions are controlled. Likewise, when something does go wrong with
the machine, wear debris analysis is often the first technology to detect it. Once
it is detected, microscopic analysis of the wear debris produced provides
important clues about the failure mechanism and its root cause. Because a wear
particle is in effect the mirror image of the score or pit left on the machines
surface, wear debris analysis provides information about the machine’s surfaces
without actually tearing it down. The size, shape color, surface condition and
edge details of a wear particle enable the skilled analyst to explain what is
happening inside of the machine with remarkable accuracy, and typically long
before it adversely affects production (Figure 7).
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Figure 7 - The Size, Shape and Appearance of a
Wear Particle Reveals a Lot About the
Condition of the Machine’s Surfaces.




Program Management

A precision lubrication program must be managed to be effective, and effective
communication plays a critical role. Communication between team members,
between the lube team and plant management, between the lube team and other
stakeholders in the plant and between the lube teams of different plants within
the organization is necessary for the program to succeed. Communication is the
key to spotting issues, solving problems, implementing solutions and keeping
skills up-to-date. Bilateral communication is critical to success, and rightfully
receives a great deal of attention. However, unilateral communication is
important too, and definitely has its place in precision lubrication. Lubrication
teams rarely communicate progress toward their goals to the entire plant. The
bulletin boards located around the plant provide a great opportunity to unilaterally
communicate the lube team’s performance on key success indicators like overall
equipment cleanliness (Figure 8). This kind of charting and communication
changes the behavior of people who come into contact with the lubricant, thus
serving as an “invisible filter.” Other important forms of unilateral communication
include distribution of newsletters and memos to stakeholders and subscribing to
appropriate joumals, magazines and newsletters to keep skills up in order to stay
abreast of new technologies, products and services that might add value to the
program, and to see what is happening within the lubrication community.
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Figure 8 - Conspicuous Charting of Fluid Cleanliness Communicates its Importance
to the Entire Organization.
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Other important management issues include staff reward systems (both formal
and informal) and cost benefit analysis of new or expanded program initiatives.
Reward structures for lubrication techs need to be revised in most organizations.
Unfortunately, maintenance organizations have historically rewarded reactive
behavior. In fact, most organizations indirectly and unintentionally reward failure.
Consider the case of the mechanic who comes to the rescue of the plant in the
middle of the night to repair a failed machine. Besides time and a half or double
time pay (formal rewards), the craftsperson is showered with accolades (informal
rewards). Where are the accolades and rewards when the lube tech is working
hard within the 40-hour week to keep all the systems properly lubricated and
sparking clean? Both deserve recognition and rewards, but the proactive
behavior of the lube tech puts money on the bottom line, but often goes
unnoticed.

Procedures and Guidelines

Like any managed activity, precision lubrication requires clearly documented
procedures to properly carry out lubrication tasks. There are several reasons
why this is important. First, the creation of procedures usually requires that a
skilled individual evaluate the tasks and what they are intended to achieve.
Second, they assure that everybody performs the tasks in a consistent manner.
And, when a new person is added to the team, they provide a defined framework
for training.

Unfortunately, there are few plants that have lubrication procedures. Where they
do exist, the procedures are grossly oversimplified and inadequate. Procedures
need to be clear, complete and readily accessible, preferably on the company’s
infranet. Use digital photos and graphics to supplement the words in the
procedures. Photos and graphics simplify the communication of complex aspects

. of the procedure that are difficult to clearly describe with words alone. For

extremely complex tasks, digital video provides even greater clarity. Procedures
should exist for draining, filling, top-ups, changes, flushing, sampling, greasing
and other important aspects of the lubrication process.
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Figure 9 - Procedures Add Clarity and
Consistency to Lubrication Tasks

Program Goals and Metrics

When Alice reaches a fork in the road, and asks the rabbit which road she should
take in the story “Alice in Wonderland” the rabbit asks Alice where she is going.
When Alice responds that she doesn’t know where she is going, the rabbit replies
that it doesn’t matter which road she takes, both will lead her to her destination.
Lacking a goal, Alice’s decision and subsequent actions were not relevant. A
precision lubrication program must have clearly defined goals, which must be
aligned to the goals of the maintenance department, which in turn must be
aligned to the plant’s goals, which must be aligned with the goals of the
corporation or owners. Just as misalignment produces friction in mechanical
equipment, misalignment of goals causes friction in organizations.

Goals for machinery lubrication revolve around proactive and predictive
maintenance success. The goals must be measurable, driven by economics,
safety and/or environmental compliance and relate to the goals of the
organization. Individual and group rewards should be tied to these goals, and
when goals are reached, they should be celebrated. When they fail to achieve a
goal, they should shift into a figure-it-out mode. Some examples of lubrication
related metrics, include percent conformance to target cleanliness levels, percent
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conformance to lube schedules, lubricant consumption ratio and percent
conformance on lube type (getting the right lube into the right place). These
examples can be easily measured and tied to the goals of precision lubrication,
and they are clearly aligned with maintenance, plant and corporate objectives.

Safety Practices

When we think of lubrication safety practices, handling of lubricants immediately
comes to mind. Some lubricants present health risks to the handler, ranging
from toxicity and dermatitis to cancer (Figure 10). Action must be taken to
minimize health risks to lubricant handlers. Other less obvious risks are also
present. For instance, changing filters or sampling fluid on high-pressure
hydraulic systems is a potentially dangerous activity.
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Figure 10 - In Select Cases, Lubricants Can Pose Safety

Risks to Handlers. '

Lubricants also create safety risks to general plant personnel, which must be
given their due attention. Leaks, for instance, can create slippage hazards, and
in some cases fire hazards. Reducing leakage and minimizing its effects by
containment and selection of fire resistant fluids where appropriate, are just few
of the safety assurance practices necessary in a precision lubrication program.

Continuous Improvement

Precision lubrication is a control process. Therefore, all aspects of quality
management apply, including SPC charting and continuous improvement.
Continuous improvement can take several forms as it relates to precision
lubrication. We automatically think of system upgrades like improved filtration,
upgraded lubricants, better or more frequent oil analysis and assignment of
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additional staff or resources. However, continuous improvement can also involve
system downgrades if overspending is occurring. It can also relate to the
reallocation of resources from less productive areas 1o more productive areas, or
replacing costly, inefficient or ineffective processes with new ones that
incorporate new ideas and technologies.

Continuous improvement is management’s way to keep pouring on the coals until
we get it right, optimize it or don’t need it, whether “it” refers to equipment
lubrication or cost accounting. When we do get it right, we continue to measure,
compare and close gaps because the macro-environment (economic, political,
technical and social) is ever changing and dynamic.

Conclusions

This paper has highlighted the key elements of a precision lubrication program,
which should be an important component of every power plant’s production
reliability assurance and equipment maintenance program. Audit your plant, find
your opportunities for improvement, prioritize your actions, design corrective
solutions, deploy those solutions and continuously improve your plant’s
lubrication practices, and you will see the benefits of a managed, precision
lubrication program quickly begin to materialize.
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