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Abstract


The technology for machine condition monitoring has advanced dramatically over the past twenty years.  Most flaws can be identified in sufficient time to avoid outright failure or even an unscheduled interruption in production.  Many organizations have reduced maintenance costs by 50% or more and have achieved a state of equipment reliability where mechanical problems no longer determine availability.  Despite all these achievements three major deficiencies still must be resolved: 


Senior management of operating companies generally does not have sufficient understanding or appreciation for the contribution that enlightened maintenance practices are making, or can make, to the profitability of their companies.


Historically, condition  monitoring has been thought of primarily as vibration monitoring. Information conveyed by other means such as process measurements including  temperature, pressure and power, lubricating oil condition and specialized methods such as power line and motor current analysis must be integrated and fully utilized for earliest, reliable  indication of changes in condition.  


Information defining machine condition is not displayed to operating personnel with the same clarity and sophistication as control  measurements.  As a result, many people with direct responsibility for operations and maintenance decisions do not have any greater insight into machinery condition than existed 20 years ago. 


If modern, enlightened maintenance practices are to contribute fully to profitability, these deficiencies must be  resolved.  This paper outlines current shortcomings that are restricting full achievement and proposes detailed remedial action. 


Introduction


During the past twenty years, visionary leaders across a broad range of industry have demonstrated that reducing maintenance costs and increasing availability can be achieved simultaneously.  In many cases results have been dramatic -- maintenance cost reductions of 50% or more combined with virtual elimination of failures and unscheduled interruptions in production.  However, despite documented successes many organizations are responding to pressures for additional cost reductions by eliminating personnel and curtailing the very program responsible for much of today's gains -- condition directed maintenance.


Few outside the maintenance profession seem to recognize that neglected or ignored maintenance requirements always reappear multiplied in both effect and cost.  Unquestionably maintenance practices must continue to evolve and make a greater contribution to profitability.  However, permanent improvements require building on the lessons and successes of the past.  Thus, the real and relevant questions are what additional changes can be made to continue improvements to the maintenance process and what must be done to alter perceptions so that the inevitable changes will result in both short and long term benefits.  That's the subject of this paper.


Six Steps to More Effective Maintenance


Addressing the most important area first, six clear actions must be taken to achieve full benefits and potential from modern maintenance principles:


Develop and implement a comprehensive, profit centered, overall maintenance strategy including condition directed (predictive), time based (planned or preventive) and reactive (breakdown) maintenance in an optimized combination that yields highest financial return. 


Formulate, communicate and promote accurate measures of the benefits and return derived from profit centered maintenance, including best practice results, in terms that are credible to senior corporate and financial management.


Reduce the need for and cost of maintenance by identifying and correcting root cost deficiencies including deficiencies that limit availability, demand more frequent maintenance or increase the difficulty, time required and cost of specific maintenance tasks.


Broaden the knowledge and skill of human resources to permit a more effective distribution of condition monitoring tasks.  Expand the participation of operations / production in the maintenance process by enlarging their role in machinery condition monitoring.  Increase operator awareness and value placed on the knowledge of machinery condition.


Require comprehensive condition monitoring strategies, programs and systems that  utilize multiple parameters for the best representation of total condition, are flexible, modular, open, expandable and fully compatible with plant control (DCS) and management systems.


Continuously follow-up to assess the effectiveness of the maintenance strategy and its contribution to corporate profitability.  Devise and implement changes as required to maximize maintenance profitability.


Development of Modern Maintenance Practices


Over the years many efforts have been made to improve maintenance practices.  All have been directed to avoid or at least reduce failures and provide alternatives to breakdown maintenance.  


Calendar or preventive maintenance based on average lifetime has, in general, proved too costly.  Preventive maintenance is often unnecessary maintenance and may require replacing components in good condition with substantial lifetime remaining. The preventive maintenance process also exposes equipment in good condition to errors and mistakes that often create problems where none had existed before maintenance.  


Maintenance action based on actual condition has long been an understandable and very appealing idea.  Maintenance is economically directed at known problems while components and machines known to be in good condition remain undisturbed.  Unexpected, costly failures and interruptions to production fade into the past.


Identifying Opportunities for Beneficial Changes to the Maintenance Process


Some organizations are actively pursuing an optimized maintenance process.  However, for most the benefits that can be achieved by implementing a comprehensive maintenance strategy remain unfulfilled.  The conclusion is inescapable:  Best practice maintenance achieved by a few visionary leaders is significantly above the average tolerated by most.  Further, maintenance is the only function within many organizations that has not been subjected to rigorous analysis and process optimization including philosophy, methodology, function and effectiveness.  Worst of all, recent shortsighted actions taken by many organizations to reduce cost are undoing decades of progress toward more efficient maintenance and will certainly increase cost.  There is an answer, but first let's examine some of the driving forces and areas in which improvements are required.


Every industry is being driven by simultaneous demands to reduce costs and increase profitability.


Currently, many efforts to reduce maintenance costs are being implemented by reducing personnel.  In many cases personnel reductions include short-sighted curtailment and even elimination of highly successful programs of condition directed maintenance.  Reducing costs by reducing manpower leaves no choice but reactive maintenance  --  usually the most costly and least effective method of maintenance.  A few organizations have attempted to increase productivity.  However, efficiency and productivity improvements eventually reach limits determined by the number and nature of the maintenance requirements themselves.  Few managers seem to have recognized that the only way to reduce maintenance costs is to reduce the need for maintenance.  Balance is the crucial issue.  Balance between the cost of personnel and instrumentation necessary to minimize maintenance costs compared to the value of the reduction itself combined with production and other efficiency credits.


Many senior executives consider maintenance as a cost of doing business that is unpredictable, primarily reactive -- something breaks and it is fixed -- and therefore beyond strategic evaluation and process optimization. 


In many operating and manufacturing companies committed, talented people using sophisticated analytical tools have produced dramatic improvements in the maintenance process.  Subtle changes in machine condition can be recognized months before posing a threat to continuing, safe operation.  These visionary, enlightened organizations have replaced costly fire fighting with cost effective fire prevention where the vast majority of maintenance is scheduled for least cost and disruption to production.


This ability to anticipate problems leads to problem avoidance where success translates to routine and the absence of emergencies.  Unfortunately, the results of improved practices, their contribution to profitability and cost / benefit comparison necessary for continuation have not been communicated effectively and credibly to senior management.  As a result, many senior managers either aren't aware of the financial benefits of advanced maintenance practices or view routine, failure free operation and the absence of problems as an opportunity for cost reduction rather than an achievement that requires constant work, vigilance and continuing financial support for preservation.


Maintenance must be viewed from the perspective of profitability


The primary purpose -- some may say the only purpose -- of any operating organization is profitability. Without profitability there won't be operations, a plant or even a company.  Profitability is also a moving target.  Competition demands continuous improvement to every process and task.  Improvements by one force all to implement comparable changes or face competitive inferiority and eventual failure.


In concept, profitability is applicable to all -- even to those who may not be in the unforgiving grip of monetary profit and loss.  Profitability requires tradeoffs to achieve an optimized result.  All will agree that the least costly form of maintenance is no maintenance at all.  It is also the least profitable!  Thus, profitability is not just managing, controlling or minimizing cost but achieving balance within a total process.  Maximizing profitability over any reasonable period requires a long term perspective, a commitment to identifying and correcting chronic, structural deficiencies and a willingness to invest for process re engineering and optimization.


We must begin thinking of maintenance in terms of profitability -- profit centered maintenance -- and realize that ultimately the concept of profit drives the maintenance process.


Profit principles require a greater effort toward developing and promoting a maintenance process that will produce short term results needed for success by solving problems rather than deferring them into the future where they are usually more urgent and expensive.  


Eliminating problems, not simply identification and repair, must be objectives of a success oriented, profit centered maintenance program.  Wise use of technology, education and communication are vital to ensure that today's cost reduction does not result in costly problems tomorrow.


Often, chronic problems such as poor foundations, weak and flexible supports and poor piping configuration are considered to have too low a return to warrant correction.  This might be true individually.  However, if taken together these small deficiencies may consume such a large portion of maintenance resources that preventable failures occur in other unrelated areas.  Thus, allowing many small deficiencies to go uncorrected may result in added, unrelated maintenance problems that are more extensive and costly due to delayed corrective action.


Advocates of advanced maintenance practices are not sufficiently fluent in the language of both business and management to convey results that are immediately recognized for their contribution to profitability. 


The necessity for communicating results in a way that will gain and maintain support immediately follows recognition of the requirement for demonstrating a real and measurable contribution .  Many individuals who are making a strong and very positive contribution either don't see any necessity for communicating results or do so in technical terms that fail to capture financial benefits that are the sole interest of management.  Failures in this area can jeopardize contributing individuals and also effective maintenance programs.  Many respond by citing the number of operating companies managed by accountants and attorneys who have no interest or ability to assess the benefits of technology.  In practice  it is up to technology advocates to formulate and communicate the benefits of a program such as comprehensive maintenance in terms that are credible to management. 


If expert advocates of technology are unwilling or unable to provide justification in a financially sound and credible manner why should support be expected from senior management who can't possess such detailed vision and knowledge?  The burden of proof must be on the technology advocates! 


Operations has not been fully involved with condition monitoring and assessment.  


Over the past 10 to 15 years, vast improvements have occurred in both process control technology and the ability to recognize abnormal machine condition and changes in condition.  Regrettably, advances in these two related areas have not been merged nor has the knowledge gained of machinery condition been translated for direct use by operations.  As a result, it is accurate to say that, personnel with direct responsibility for operations and maintenance decisions do not have any greater understanding or insight into machinery condition than existed prior to all the major advances in technology.  Why is this? 


First, and probably most important, machinery condition monitoring has not adopted modern methods of clearly conveying information to people who may be inexperienced or infrequent observers.  Video games are a familiar example.  Displays clearly convey status, condition, opportunity, threat and even suggested action.  Likewise, process control systems have advanced significantly in the ability to convey information.  Contrast a modern control room with animated video graphics showing the condition of a process in real time to the rows of meters and controllers that were the norm ten years ago and still exist in many facilities today.  This is a vivid example of the power and advantages of modern information technology applied to industry.  


Despite the ability to do more, machine condition monitoring systems are typically separated from process management systems and display measurements that require knowledge and experience to interpret.  As a result, operations and operators typically view vital machinery as "black boxes" that are the responsibility of someone else.


This must change.  Operations and operators must be brought into the machinery condition monitoring process and convinced of the benefits and value gained by full participation.


Benefits include fewer surprises through increased surveillance, confidence to take the correct action if problems occur, greater awareness of the variables affecting condition measurements, ability to contribute observations and the value placed on participation by involvement and awareness.


Proven concepts such as condition directed maintenance have not gained general acceptance from senior management


At this point many may be questioning the logic expressed in the preceding paragraphs. Isn't condition directed maintenance a success and aren't we expanding into reliability centered maintenance?  Certainly numerous papers and articles are testimonials to success in both areas.  However, the facts convey a different picture.  Over the last 20 years the growth of condition monitoring products and services has averaged only about 5% more than the industries who use condition monitoring. This is far less than projections based on the cost of failures and ineffective maintenance published since the late 60's.  It is also less than what should be expected if condition directed maintenance was perceived as a real contributor to profitability by corporate management who must approve expenditures and pay the bills.  


Furthermore, under the pressures of cost reduction some successful programs of condition directed maintenance are either being curtailed or eliminated completely.  Why has the acceptance of condition directed maintenance failed to meet expectations and why are successful programs being terminated?  More important, what can be done to reverse the situation -- enlarge and broaden the credibility of an optimized maintenance process, extend the benefits of condition directed maintenance to a larger proportion of operating organizations and increase the contribution of maintenance to overall success and profitability?  


A lack of credible financial justification is the primary reason condition monitoring and condition directed maintenance have not achieved full acceptance and potential


Efforts to promote advanced technology such as condition monitoring have lost sight of a crucial fact:  Measures of technical performance such as the number of measurements taken, machines analyzed, problems identified and even "saves"  are not important to individuals with overall financial responsibility who ultimately must approve expenditures to implement advanced maintenance concepts.  Maintenance professionals must endeavor to measure success by contribution to improved profitability -- maintenance cost per unit of production income as an example.  


Condition monitoring instruments and programs must also make a positive contribution to the profitability of the end user.  Instruments and software must be cost effectively able to meet a number of requirements, fast and easy to use and capable of efficient expansion.  Periodic, predictive  monitoring programs must be as simple as possible with the number and type of measurements and interval between measurements optimized for each machine considering service, historic reliability and the probability, cost and consequences of a failure.  All too often the program, number and type of measurements and interval between measurements recommended by suppliers and consultants grossly exceed requirements and are too costly for effective, routine monitoring of fundamentally sound and reliable equipment.  


Profit centered maintenance is reality and makes a clear and powerful statement of commitment to overall organizational objectives -- objectives that are paramount to senior management.  


Terms such as availability and reliability centered maintenance may be intended to represent an optimized maintenance process.  However, both imply that equipment condition and the maintenance process have precedence over other functions.


Most will agree that the availability and reliability of operating equipment are, in general, directly related to load.  Partial load operation places less stress on components.  Equipment operating at partial load will typically operate longer and experience fewer problems than equipment operated continuously at or close to full load.  However, does anyone seriously believe that reduced production will be accepted, or even considered, because operation at less than full load improves availability and reliability?


Likewise if reliability or availability are ultimate objectives, operating decisions should favor both over production.  Clearly, the reverse is true -- operations and production commitments always prevail over all but threats to safety and the most obvious and extreme mechanical problems.  Management is always reluctant to interrupt, or even slow operations, particularly for an early, preemptive shutdown to avoid a later, more serious problem -- unless the facts are compelling.


Often the added revenue derived by increasing production beyond design or rated capacity far exceeds the cost of accelerated wear and increased mechanical problems.  Under these conditions profitability dictates operating equipment above rated load despite adverse effects on reliability.


Many additional examples can be cited to support this conclusion -- all very familiar to anyone who has faced the constant challenges of operating complex mechanical equipment within a high value production process. 


Maintenance is not centered on availability and it is not centered on reliability.  Maintenance is driven by and centered on profitability.  All recognize this fact so let's use a name that unequivocally conveys our understanding and commitment to real considerations and focus on results rather than the means to achieve results -- profit centered maintenance.


With a broad vision defined for profit centered maintenance we can look at several specifics for implementation:


Developing a Comprehensive, Profit Centered Maintenance Strategy 


The path to an effective maintenance strategy begins with an acknowledgement that the concept of profitability is the primary objective of management in a market economy.  Availability and reliability must be recognized for what they are -- means to achieve the ultimate objective.  


The name profit centered maintenance may be new, however, the principles have long been  advanced by visionary maintenance professionals.  Beyond its statement of commitment, profit centered maintenance shares many elements with other maintenance strategies oriented to improve availability and reduce the cost of maintenance.  Profit centered maintenance includes condition directed (predictive), planned (preventive) and reactive (breakdown) maintenance in a combination optimized to yield the highest return.  A commitment to correct root cause deficiencies by modifications, design changes and even replacement is imperative.


Condition monitoring, the basis for condition directed maintenance, is expanded to incorporate multiple parameters including process measurements and added characteristics such as hydraulic and aerodynamic performance and efficiency, motor current, lubricating oil and infra red monitoring.  All are assembled in a combination to provide the most accurate and cost-effective representation of overall condition.


Condition monitoring is used to identify problems at their earliest stages and confirm that installation, repairs and even modifications have been performed correctly.  Unexpected failures with the potential for costly damage as well as safety and environmental hazards are minimized. 


The profit centered objective enters into factors such as the selection of machines for monitoring, the number of measurements recorded and the interval between measurements.  As an example in this area, most periodic, predictive monitoring programs using walkaround data collectors typically employ a single, fixed interval between measurements regardless of service, the probability, cost and consequences of failure, historic reliability and the magnitude and stability of the measurements themselves.  Reducing the number of measurements and/or extending the interval between measurements on machines with a history of reliability and known to be in good, stable condition based on a Weibel or equivalent residual lifetime analysis is an application of profit centered principles that can be used to reduce cost and/or redeploy resources to more valuable tasks.  


Profit centered maintenance includes planned or preventive maintenance when condition measurements are either ineffective, unreliable or cost prohibitive.  Preventive maintenance is also used when experience and financial analysis indicate the need for visual inspection or replacement.  Requirements for planned maintenance must include modifications where necessary to optimize implementing the maintenance requirements.  Access for borescope inspections, redesign to facilitate access and minimize interference and modifications to decrease disassembly and reassembly time and labor are examples of profit centered maintenance principles applied to reduce the time and cost of maintenance.  


Reactive, run-to-failure maintenance may be the most profitable maintenance strategy on inherently reliable equipment where the probability, cost and consequences of failure are less than the cost of monitoring and condition directed maintenance.  Within these principles it is very important to add that implementing reactive, breakdown maintenance must be the final result of a logical, objective decision process supported by a detailed financial analysis of the specific situation and never simply because "there isn't time for anything else".  Except in rare instances, pure run-to-failure is usually the least efficient, least profitable form of maintenance. 


Tools and continuing training are necessities to assure maintenance tasks are accomplished correctly and in minimum time.  Alignment is a good example where the correct tools and training not only minimize the time required but assure completion at a higher level of quality that reduces the need for future maintenance.  


It is also important to recognize that adherence to the principles of profit centered maintenance originates at design.  From the very beginning, equipment and installation must be designed to achieve an optimum balance between initial and lifetime cost, reliability and maintainability.  This concept must include provisions to minimize the time and cost of maintenance.  Obvious examples such as equipment mounting and access can be cited.  Who hasn't experienced a maintenance task made far more difficult, costly and time consuming because of poor mounting, limited access or interference?  And how many maintenance problems are originated or exacerbated by the same factors?  Optimizing the maintenance process requires prevention -- constant effort to achieve a maintenance free design.


Formulate and Communicate Credible Financial Justification


Any restructuring from current practice requires financial justification.  How much will the changes cost?  What return will be generated, over what time period?  Thus, there is an absolute necessity for developing and promoting the financial benefits of profit centered maintenance -- and doing so in a way that is credible to senior management. 


Regrettably, only a small fraction of successful condition directed maintenance programs include any effort of continuing financial justification.  As a result, senior corporate and operating management generally does not have sufficient understanding or appreciation for the contribution that more enlightened maintenance practices are making, or can make, to profitability.  The lack of financial analysis is often due to insufficient interest or time to collect and analyze financial data and the difficulty of assessing the real financial return of practices such as condition directed maintenance.  Interest in financial analysis might be increased if the successful advocates of advanced maintenance practices realized how the lack of supporting financial data can jeopardize the very existence of the most successful programs. 


The real financial return from increased production and reduced costs may be difficult to determine.  However, financial return is the only credible validation for the success stories featured in numerous papers and articles.  A basis must also be created for the financial justification of mature programs where maintenance costs have been substantially reduced and continued large reductions have become more difficult to obtain.  Factors that may support the expenditures for a successful ongoing profit centered maintenance program include:  


added income from increased production


avoidance of lost production (including the added cost of product purchases to meet contractual commitments)


reducing the amount, magnitude and cost of maintenance (including avoidance of collateral damage, labor overtime, and premium parts purchase)


cost of off specification or scrap product, warranty replacement and repair resulting from mechanical problems


credit for reduced operating costs obtained by reducing power consumption (increasing motor efficiency), locating and correcting leaks (air, steam, water, etc.)


minimizing punitive damages (penalties, fines, etc.) resulting from an unexpected failure


minimizing the number and cost of problems immediately following repair due to assembly and/or installation errors. 


Reduce the Need for Maintenance by Correcting Root Cause 


Identifying and correcting root cause deficiencies of common or repetitive failures is one of the largest potential benefits of profit centered maintenance.


Correcting root cause problems requires curiosity and discipline to probe beyond the obvious.  For example, correcting an alignment problem is not sufficient if the real cause is a weak or flexible foundation, poorly supported piping, or lack of knowledge, training or tools by people performing the alignment tasks.  Correct the defect and you have eliminated one problem, correct the cause and many problems are eliminated.


Root cause may include deficiencies in procedures, training and tools as mentioned in the alignment example.  Operation may also be a root cause if it results in excessive temperature or overloaded components.  In this last example, root cause corrective action may require a change in materials and/or redesigned components.  Altering operations is generally not an option. 


Design deficiencies are another root cause.  Occasionally unanticipated changes to operating parameters may create chronic maintenance problems.  A reduction in NPSH leading to cavitation, impeller erosion and even seal failure is an example in this area.  Correction may require a redesigned impeller capable of operating at a lower NPSH, or possibly even a replacement pump.  


A detailed root cause analysis will often reveal deficiencies that require more frequent maintenance or increase the time, difficulty and cost of specific maintenance tasks.  A poor sealing system that allows lubricating oil contamination is an example in the first category.  Excessive piping that must be removed for maintenance, difficult access to components and interference that lengthen the time required for maintenance are previously mentioned examples in the latter category.  Since all these conditions result in increased maintenance costs they must be evaluated, their financial penalty assessed and corrective action implemented when justified.  As a reminder of an earlier statement, a combination of simple problems may result in improper or delayed corrective action or otherwise preventable failures on unrelated equipment.  A representative root cause analysis must include these factors.


Root cause analysis must also seek out procedural deficiencies.  Repair and installation procedures, use of precision balancing, alignment procedures and tolerances and personnel training are examples where identifying and correcting an underlying problem has a very large return.  


A commitment to correcting root cause may require cultural changes in maintenance organizations accustomed to repairs but not design changes to correct fundamental deficiencies.  This situation can be avoided by applying the principles of profit centered maintenance and capturing the financial advantages of corrective action that reduces the need for maintenance.


Increase the Participation of Operations in the Maintenance Process 


The principal benefits of Operations involvement in the condition monitoring and assessment process have been mentioned in an earlier paragraph.  Additional benefits are gained by releasing skilled machinery analysts from routine monitoring so they can spend time more productively on tasks requiring technical skills such as identifying complex, root cause deficiencies and devising permanent corrective action.


In order for Operations to be an effective, productive partner in the condition monitoring and assessment process they must clearly perceive value gained by participation. This can be accomplished by improving the ability to communicate machine condition in a way that is easily and intuitively understood by personnel whose primary focus, interests and responsibilities are in other areas. 


Changes are required in several areas including:


Perform routine condition monitoring and display condition information on the process management (DCS) system.  The process management system is the primary window into plant operations.  Gaining acceptance of condition monitoring as valuable operating information requires display and access through the process management system. Recognizing this requirement the new, third edition of American Petroleum Institute Standard 670 (Vibration, Axial Position and Bearing Temperature Monitoring) requires the availability of condition monitoring measurements and system values such as alarm thresholds for transmission to a DCS.


Formulate methods for expressing machinery condition as information rather than measurements that require experience and analytical skills to interpret.  Presenting information in a graphical point and click format in which condition or health is readily apparent (eg. the video game example cited earlier) has many advantages.  More detailed supporting information such as trends and possibly even spectra, also can be available.  Expert systems capable of plain language problem definitions and action recommendations along with context sensitive explanations to aid interpretation, convey valuable and easily understood information.


As a note on the first point, the schemes for integrating machine condition monitoring with process monitoring and control proposed by DCS suppliers have major deficiencies.  The inability to accommodate dynamic signals through the DCS network is a major deficiency that eliminates the ability to implement diagnostic technology gained over the last 25 years.


Require, Flexible, Expandable Condition Monitoring Systems


In contrast to process control (DCS) systems that have advanced greatly in concept, strategy and implementation, machinery condition monitoring systems have not changed appreciably for over 20 years.  Purchasers must insist on rapid improvements in monitoring technology and a simultaneous reduction in installed cost.  


Modular, open systems capable of accepting inputs from a variety of condition monitoring sensors and performing both protective and predictive functions are essential.  Modular design assures continuing support and growth and the ability to accommodate advances in hardware, software and analytical concepts as experience and technology increase. 


Open systems inherit a vast range of inexpensive software and allow suppliers with superior specialized capability to link seamlessly into a large system.  The requirement for interoperability between components from different suppliers is an extremely important attribute of open system design.  The time, effort and money that have been expended unsuccessfully to bring the benefits of open system design to the closed world of process control is an example we must not repeat in condition monitoring. 


High cost continues to prevent the implementation of many excellent ideas for condition monitoring.  In order to meet requirements for comprehensive condition monitoring at an affordable price, suppliers must begin thinking in terms of advancing technology with standard solutions.  The temptation to charge technical developments with broad appeal to a single system must be resisted.  Purchasers must accept standard, common denominator methodology and features as has been done on analytical instrumentation.  Everyone will have to compromise a little and learn to use features that may vary slightly from specific preferences.


Details, including feature and performance requirements compiled from several recent purchase specifications, are contained in the Appendix.


Continuously Follow-Up to Assess the Effectiveness and Financial Return of the Maintenance Strategy


No process is complete without continuing follow-up, analysis and optimizing change.  Profit centered maintenance is no exception.  A follow-up review of the periodic condition monitoring process to reduce the number of measurements and extend the measurement interval on machines in satisfactory, stable condition has been mentioned.  More important, the time made available can be applied to higher priority tasks such as understanding the exact nature of problems on machines in marginal condition, identifying and recommending corrective action for root cause deficiencies and assuring effective condition monitoring coverage for a larger proportion of machinery.  Periodic follow-up reports documenting financial benefits gained from profit centered maintenance is another example mentioned in prior paragraphs.  It must be emphasized that action to correct deficiencies is an important part of follow-up.  Understanding the allocation of maintenance expenditures and areas in which improvements and added profitability can be gained are two very important questions that must be pursued continuously.


Conclusion 


It is important to emphasize that evaluation, financial justification and continuing process optimization are crucial within the concept of profit centered maintenance.  Permanently correcting deficiencies to steadily reduce the need for maintenance is a fundamental principle.  Profit centered maintenance may not be least cost maintenance.  This is an extremely important point that, when fully understood and followed will result in an optimized maintenance process achieving highest return for your company.
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