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A Career in the Making of a Philosophy
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The Journey of Sam 

From the Sound of the Wrench to the Architecture of the Modern Mill
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The following is not intended to be a ‘how to’ collection of ideas for improvement.

Although, honestly, as it turns out with the assistance of AI technologies, it does present a very good outline of the elements of programs for improvement, including, often, the potential benefits of enacting the programs outlined.

There are, included, excerpts of interactions, thoughts and actions from my lengthy career in manufacturing with differing and varying responsibilities.

Believe me when I admit that much of my growth within my career was a haphazard, stumbling affair, but, fortunately, there was a learning curve that eventually presented a mission for life.

Who am I?

That can be found in the Prologue and mentions throughout various content.

The intent of this dialogue is to enlighten those that believe that the past has nothing to add to the present, or the future.

The fact is the past cannot be changed, but knowledge of the past can guide present and future actions, through change, learned from past attempts, some success, some mistakes, some failures, or worst of all, too much apathy.

My actions and career development, while modest, were grounded firmly in examination of the past, its data, its cultural behaviors, the processes imposed and the realization that technology is the tool for enabling positive change in those success elements.

If all we needed is a hammer to improve our asset care, that would still be the critical tool for today’s world. It isn’t.

As I will attempt to convey, knowledge acquired and driven by data and its analysis is the key to success today.

Coupled with that basic theme is my attempt to use so-called Artificial Intelligence (AI) to determine knowledge about the current practices surrounding physical asset performance and the improvement efforts of that performance and their correlation with past practices.

You should consider that AI is just another technology, a ‘tool’, in the long line of tools made available for manufacturing to improve their asset performance in support of process and cultural changes.

The key word here is ‘change’. 

Change is inevitable. Improvement and change are interchangeable.

This collection of stories should not be considered a technical document, but rather highlighting the lessons learned through past practice that sometimes are never applied to become best practice but rather a continuation of what has become now, poor practice.

When it is all said and done, the people tweaking controls and pulling wrenches make things happen. 

Some are prepared for change; experience shows most are not.

Throughout my career I have paid close attention to the role ‘culture’ has in the workings of a manufacturing operation.

That culture is just not present on the shop floor, it permeates throughout the organization, top to bottom and sideways until the norms have hardened into a rough, tough shell often preventing the entrance of some really good ideas and actions.

I often refer to this state as the site’s ‘politics.’

The series of content following try to tell this story from a practitioner’s point of view, a reality view, if you will.

I found, upon reflection, at my career beginning, there is no path to success, you stumble, fall, get up, continue, learn, experiment, but always with the past in mind which is always filled with road markers.

The self-made ‘path’ was filled with obstacles, much like those playing video games today, knowing there is some end point but never reaching that imagined magical place.

I hope you will enjoy the journey. I have.

| Page
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My name is Sam

Waddington, if you need a surname.

I am a maintenance man.

I am also between jobs, but so what, I’ve been there before, and I’ll be there again. 

The day of birth-to-death employment with the same company, that cares, is over, has been since my father was forced into early retirement in 1967. 

He was also a maintenance man, in a different industry at a different time. 

Early retirement about killed him. Will not kill me. 

I started my career in a small paper mill in the USA, and might as well have been anywhere, because it was nowhere, like every other paper mill town in this country. 

I grew up in a small town, one of those towns that has no right to exist, but does, because of the good graces of its residents, who hold on to something that is as slippery as Teflon packing.

St. Regis Paper Co. had a pulpwood ship unloading dock in my town, the town I grew up in. 

It used to ship peeled pulpwood from my town to a paper mill not far away, in gondola cars, on a railroad created, maintained, and owned by the paper company. 

I had many rides, as a kid, to the next town aboard that unscheduled train usually had to hitchhike back. ‘Course back in those days, in that part of the world, hitchhiking was a safe means of traveling for anyone, at any age, because more than likely the person who stopped knew you and your family. 

Kids miss a lot today.

My ‘problem’ always has been that I understand the needs, concerns and dreams of the average, everyday Jack and Jill. 

When you have been there, you understand the emotions involved in those daily confrontations with life that constantly present themselves, just when you were beginning to think everything was finally turning out all right.

I started my career on the boards (like in drafting board, now an antique, found only in quaint shops in those little, lost towns that have no future, except, perhaps as a tourist trap). 

At the time it was the most exciting adventure open to me. I was immediately exposed to all kinds of business-related issues that other, or more senior, individuals did not want to deal with.. 

Politics it’s called.

For example, our mill had a (landline) telephone tie with the corporation’s main frame IBM computer, and I could feed all kinds of data, via keypunched cards, sorted of course, that those wise (unseen) magicians at corporate would process and send back, via telephone line to our key punch machine, producing a whole new set of cards to be sorted and then processed through a printer.

Revolutionary technology.

“You want to do that go ahead...’young fella’ it is all yours.” I was told more than once. 

Of course, the data processing was done ‘after hours’ on my own time, after all my other assignments, mostly with pen and paper and landline telephone systems were completed. 

No problem. Imagine the possibilities.

This exposure led to a fundamental understanding that the computer, perhaps not in this 1965 form, was the tool of the future and everything you could learn about it would serve you well over the next...lifetime. 

The keypunchers were all women, except for me, supervised by the ‘Office Manager’ who had no IT background and who thought that progress was moving from a standard typewriter to a new IBM Selectric. 

Later, my next IT technical leap was to a dedicated minicomputer (circa 1975) with an amazing twenty megabytes of hard disk storage and the capability of running eight peripherals, almost simultaneously. 

I wrote nineteen separate applications for this myself, and the assistant mill accountant wrote the ‘tons’ of others necessary for us to input data such as work orders, daily time sheets and stores dispersals, apprenticeship training records, motor status and maintenance related inventory. 

We called it programming then, today that process is called coding and is much simpler.

I was spoiled by this experience, this freedom to think outside the box, really. 

I thought (back in 1975) that everyone else in the paper industry must be using the computer to their best productive advantage. However, a subsequent ‘career’ move let me know that this was not the case, in fact, the use of the computer to manage maintenance work was the exception. 

But that career move also enlightened me to the fact that the paper company for which I had been working at the time had also ‘clouded’ my career perspective in terms of my earning power. 

Good-bye paper company, hello paper industry.

It has been said that the paper industry does not attract the best available talent today because it is a rural industry attracting ‘rural’ people. 

‘Rural’ used in that context apparently meant no or limited talent. 

On the other hand, it can be said that the paper industry still attracts the same caliber of personnel it did 20 years ago because it is a rural industry, managed, generally by other “rural’ people. 

I knew everything that went on in my mills. 

I was decisive about problems that occurred on a daily, almost routine basis. 

But I was also a dinosaur, becoming extinct well before my time. I made decisions generally without approval and without consensus.  

I was effective. 

But I was dead...ended. Politics is a serious game people play.

Management, it seemed to me, at the time sought ‘head nodders’ (as in “nod your head in agreement with what I say”). 

Management does not seek ‘head shakers’ (as in...” disagreement.”). 

Head nodding easily builds consensus.

Head shaking does not. 

Disagreeing, back then, wasn’t cool, nor career enhancing.

As you will read there is a series of transitions from learning what the present has to offer, thinking about alternatives and then acting upon visions of something better.

You can’t help but love today’s world.
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Introduction: Why These Stories Matter
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Every industry has its mythology. In pulp and paper, the mythology is built around the sound of machines running, the sight of steam rising from dryer sections, and the quiet pride of a paper web passing cleanly over a reel. But beneath that mythology lies a harder truth: the machines do not take care of themselves, and neither does the organization that operates them.

This is the story of Sam—a man who began his career listening for the right sounds and ended it asking the right questions. His journey spans decades in one of the world's most demanding and resource-intensive industries. It is a journey from the floor of a paper machine room, where reliability meant fixing what was broken, to the boardroom, where reliability meant designing an organization capable of sustaining excellence without being told to.

Sam never set out to write a philosophy. He set out to do his job. But over the course of a long career marked by failures, near-failures, insights borrowed from colleagues, lessons absorbed from mistakes he had warned against, and wisdom extracted from quiet moments of reflection, he built something rare: a coherent, field-tested understanding of what it means for an entire organization to own its own reliability.

This book follows that journey. It moves from early career lessons about the seductive but ultimately hollow comfort of heroic maintenance culture, through middle-career reckoning with the stubborn persistence of reactive thinking, to late-career clarity about the interconnected nature of culture, technology, strategy, and human behavior. It is organized around the natural arc of professional growth, and it honors the people, conversations, and crises that shaped Sam's thinking at every stage.

Also embedded in this journey is the ever advancing technology from steam powered whistles on the paper machine for communications from wet end to dry end to enabling smartphones, and from analogy instrumentation to the array of sensors and controllers ubiquitous today; from the screwdriver held to the ear on a noisy asset to today’s condition monitoring technologies and the data they provide to the information the data provides and to the wisdom that analytics provide. From log sheets and notebooks and pencils to ERP and EAM systems.

And the processes that changed and were added with those improving technologies.

The lessons here belong to any industry where machines, humans, and organizational systems must work together reliably. Sam's experience was in pulp and paper, but the underlying truths are universal. Wherever people depend on physical assets to produce results, and wherever those assets are maintained by human beings operating within a culture, Sam's insights apply.

The goal of a Reliability-Centered Organization is not perfection. It is the building of a system capable of learning, adapting, and improving continuously, one in which reliability is not the responsibility of a department, but the shared conviction of an enterprise.

Sam got there. This is how he did it.

While there is no order to the following stories which is reflective of life itself, each tells a story with lessons. Capturing those lessons is the essence of this chronicle.
Part 1: Early Career: The Education of Uncertainty

Sam did not arrive in the industry with a philosophy. He arrived with curiosity, a willingness to work, and the uncritical admiration of a young man who had decided that machines were worth understanding. Those early years gave him the foundational experiences that would later become the raw material of his thinking—but only after time and perspective revealed what they truly meant.

Chapter One: The Sound of the Wrench

Sam's career began with noise.

Not the distant hum of machinery in a well-ordered mill, but the sharp metallic ring of a wrench striking a flange, the hiss of escaping steam, the sudden shout that preceded controlled chaos. The paper machine floor was alive with motion and urgency, and the young Sam found himself drawn to the mechanics who moved confidently through it all. They were the problem solvers. When a pump failed, they arrived. When a bearing overheated, they responded. When a machine slowed, they were called. Sam admired their skill—the ability to diagnose by sound, by vibration, by touch.

In those early days, Sam believed this was reliability. The best mechanics were heroes. They knew which bolts would snap, which couplings would slip, which valves would stick. They worked long hours, often through the night, bringing machines back to life. Production managers praised them. Operators trusted them. The organization depended on them. Sam wanted to be like them.

He learned to carry tools, to anticipate needs, to listen carefully to the machine. He noticed that the most respected mechanics rarely followed manuals—they relied on experience, on accumulated knowledge that lived in their hands and ears rather than in binders. They fixed problems others could not. They kept the mill running.

But slowly, almost imperceptibly, Sam began to notice something else.

The same problems returned. The same pump failed again. The same conveyor jammed. The same gearbox overheated. Each repair was impressive, but temporary. No one questioned this cycle. It was simply how the mill operated. Equipment broke; mechanics fixed it. The faster the repair, the better the performance. Reliability was measured in response time, not prevention.

Sam accepted this logic at first. It seemed natural. Machines wore out. Failures were inevitable. The goal was to minimize downtime, and the mechanics were doing that admirably.

But one evening, after a particularly long emergency repair that had consumed the better part of two shifts, Sam overheard a conversation that unsettled him. A senior mechanic—weathered, capable, someone who had forgotten more about paper machines than most people would ever know—wiped his hands on a shop rag and said quietly, to no one in particular:

"We're not fixing anything. We're just resetting the clock."

The comment lingered in Sam's mind. Resetting the clock. It suggested that every repair was temporary—that failure was not being eliminated, only postponed. The heroism of emergency work began to look different to him. Instead of solving problems, they were managing symptoms. The mechanics were extraordinarily skilled at treating a disease without addressing its causes.

Sam began paying attention to patterns. He noticed how emergencies disrupted planned work. Jobs scheduled for the week were postponed to address crises. Preventive maintenance tasks were skipped when something urgent appeared. Lubrication routes were delayed until the emergency cleared. Everything yielded to urgency.

The organization, he began to realize, rewarded response, not prevention.

He also observed the human cost. Mechanics were exhausted. Operators were frustrated. Supervisors were perpetually tense. Each breakdown triggered a cascade of stress that spread across departments, touched shift schedules, disrupted family time, and left a residue of low-level anxiety that never quite cleared. Yet when the machine restarted, relief replaced reflection instantly. No one asked why it had failed. The focus shifted immediately to the next production target.

The cycle continued. Week after week, month after month.


"What if reliability was not about fixing things quickly? What if reliability meant fewer things to fix?"


He did not yet have the language to express these thoughts precisely, but the seed had been planted. He began to see that the sound of the wrench—once a symbol of competence and reassurance—might also be, in certain frequencies and at certain volumes, a sign of deeper organizational instability.

It was the first lesson of his career, and it was the foundation for everything that came after: that the most visible expression of reliability is not its truest measure.


Chapter Two: The Illusion of Control

As Sam gained experience, he moved into roles with greater responsibility. He now attended planning meetings, reviewed maintenance backlog reports, and participated in discussions about performance improvement. The language changed. Terms like "preventive maintenance," "work orders," "scheduling," and "planning efficiency" appeared. Binders were produced. Targets were set. Charts were posted on the walls of the maintenance office.

From the outside, it looked like progress.

But Sam noticed something troubling: despite all the planning, the work still felt reactive. Schedules changed daily. Emergency jobs displaced planned tasks. Preventive maintenance was postponed to "next week," which had a stubborn tendency to never arrive. The organization believed it was becoming more disciplined. Sam could see that the chaos had merely acquired better documentation.

One Monday morning illustrated this perfectly. The weekly schedule had been carefully prepared over the previous Friday. Mechanics were assigned to planned tasks. Materials were staged. Supervisors had reviewed priorities. There was a sense, however brief, of order.

By noon, two significant breakdowns had occurred.

The schedule dissolved almost instantly. Mechanics were reassigned. Parts were rushed. Meetings were cancelled. By the end of the day, less than half of the planned work had been completed. Yet during the next management review, leadership praised the team for responding effectively to the challenges.

Sam began to see the illusion clearly. The organization believed that strong response capability meant strong control. But in reality, they were reacting to a world they had helped create through the absence of genuine prevention. Each emergency reinforced the belief that flexibility was a kind of organizational virtue, even though that same flexibility prevented the consistent execution of the practices that would have reduced the emergencies in the first place.

He also noticed that preventive maintenance tasks were treated differently from emergency work. When PMs were completed, nothing dramatic happened. There was no applause. No sense of urgency. No visible heroism. The bearing that did not fail was invisible. The pipe joint that held because someone had checked it last Tuesday produced no report, no recognition, no story.

Preventive work was quiet—and therefore undervalued. Emergency work was visible, adrenaline-charged, and therefore rewarded.

This created a subtle but powerful cultural bias. Mechanics gravitated toward urgent tasks because urgency conferred status. Supervisors focused on immediate problems because those problems were measurable and visible. Planning became secondary, something that happened in the spaces between crises.

Sam realized the organization was unintentionally reinforcing the very instability it was trying to eliminate. The more reactive it became, the less time there was for prevention. The less prevention it performed, the more failures occurred. The cycle deepened and perpetuated itself with a logic that felt, from the inside, like simply the way things were.

He began asking questions that made some colleagues uncomfortable. Why were they proud of recovery instead of prevention? Why did they schedule work that everyone knew would be interrupted? Why did they accept instability as a normal condition of operation rather than as a solvable problem?

Some colleagues argued that paper mills were inherently unpredictable. Others believed emergencies were unavoidable features of complex industrial environments. A few suggested that better planning tools would solve everything.

Sam sensed the issue was deeper. It was not just about planning tools or scheduling software. It was about mindset. The organization equated activity with progress. As long as people were visibly busy, performance seemed acceptable. But busyness masked inefficiency on a massive scale. Mechanics spent substantial time searching for parts, waiting for equipment to be safely isolated, or responding to crises that displaced other crises in an endless queue of urgency.

He realized that improving reliability might not require working harder. It might require working more deliberately.

He started experimenting. He pushed for better job plans. He encouraged staging materials in advance rather than scrambling for them during execution. He advocated protecting scheduled work from interruption, treating the schedule as a commitment rather than a suggestion.

The results were modest but noticeable. When planned work was executed without interruption, jobs finished faster. Quality improved. Fewer rework issues appeared. Teams ended their shifts feeling less frayed.

These small successes reinforced his belief that control came from discipline, not heroics. But he also encountered resistance. Some supervisors feared that rigid adherence to schedules would reduce their flexibility when genuine emergencies arose. Others worried that pushing back on interruptions would make them appear unresponsive. The culture was deeply, stubbornly rooted in reactivity, and culture is not changed by a few successful experiments.


"Procedures define what to do. Culture determines whether it happens."


For the first time, Sam saw reliability as a behavioral challenge, not just a technical one. He concluded that the illusion of control came from confusing motion with progress. True control—the kind that allowed a mill to run steadily, day after day, without perpetual crisis—required stability, discipline, and foresight. Those qualities were still developing, both in him and in the organizations he served.
Chapter Three: The Procedure That Failed

There came a point in Sam's mid-early career when he believed he had found the answer. The path to reliability, he was now convinced, was straightforward: define the right procedures, train people thoroughly, and enforce compliance.

The logic was appealing in its simplicity. If lubrication prevented bearing failures, create a lubrication program. If alignment reduced vibration, write an alignment standard. If operator inspections caught problems early, implement structured rounds. Reliability, it seemed, could be written down, organized, binder-filed, and deployed. The solution was procedural.

His opportunity to test this belief came when the mill experienced a series of catastrophic bearing failures on a critical paper machine drive. Each failure stopped production, required crane work, and consumed days of repair time. The cost was substantial, but the frustration ran even deeper—these failures had the unmistakable quality of the preventable.

After reviewing the history carefully, Sam identified the likely cause: inconsistent lubrication and contamination from the surrounding environment. The solution seemed obvious. He proposed a comprehensive lubrication management program.

The plan was thorough. Every lubrication point would be tagged and numbered. Routes would be created and mapped. Intervals would be precisely defined. Grease types would be standardized across similar equipment. Training would be conducted for everyone who touched the equipment. Documentation would be required. It was, by all measures, a technically sound procedure.

Leadership approved the initiative. Posters appeared in the maintenance office. Training sessions were held. Mechanics and operators attended, asked good questions, and seemed genuinely engaged. The program launched with real enthusiasm.

For several weeks, compliance was excellent. Routes were completed on schedule. Records were filled out. Sam reviewed reports and felt the particular satisfaction of watching a well-designed system function as intended.

Then the first disruption occurred.

A significant pump failure pulled several mechanics off their lubrication routes. The PM tasks were postponed "just for a day." The next day, another emergency appeared. By the end of the week, multiple routes were incomplete. Sam assumed it was a temporary aberration.

But the pattern continued. Some routes were completed late. Others were skipped entirely. Documentation became inconsistent. A few lubrication tags fell off equipment and were not replaced. The program began to drift—not catastrophically, not all at once, but steadily, like a tide going out.

Sam responded by reinforcing the procedure. He issued reminders. He met with supervisors individually. He redistributed routes to reduce individual burden. He emphasized, in every available forum, the importance of compliance. The response improved briefly, then faded again.

Months later, another bearing failed.

He reviewed the records carefully. The lubrication point had been missed twice in the previous maintenance cycle. The procedure had existed. The training had occurred. The tags were in place. The documentation showed the gaps clearly.

The procedure had not survived contact with the culture it was embedded in.

The realization came during a conversation with an experienced mechanic named Carl, a man whose opinion Sam had come to respect precisely because it was never shaped by what he thought Sam wanted to hear. They stood together beside the failed bearing housing, watching the crane lift the assembly slowly away.

Carl spoke without reproach or drama.


"Program looked good."


Sam nodded, frustrated in the particular way that comes from having done everything right and still getting the wrong result.


"We had everything in place. Routes, intervals, training... I don't understand why it didn't stick."


Carl considered this for a moment.


"Too many fires. When things get busy, you do what keeps the machine running right now."

"But lubrication keeps it running long term."


Carl smiled slightly, the smile of someone who has watched this particular drama play out more times than he can count.


"Long term doesn't shout. This does."


He gestured, without emphasis, toward the disassembled machine.

That comment struck Sam with the force of something obvious that had somehow gone unseen. Procedures were quiet. Failures were loud. When pressure increased, people responded to noise—not documentation. The lubrication program had not failed technically. It had failed culturally.

Sam recognized that no one had intentionally ignored the lubrication protocol. The organization had not chosen failure. Instead, it had unconsciously treated preventive work as optional when under pressure, and the culture supplied no countervailing force. Reliability depended not on what was written, but on what was genuinely valued.

"Programs fail when culture does not protect them. Reliability survives only where culture values prevention more than reaction."

The lesson was clarifying, even though it was also humbling. Sam wrote it in his notebook and underlined it twice. He was beginning to understand that the challenge of reliability was not a technical one, and it was not a procedural one. It was an organizational one. And organizational challenges required organizational answers.

Chapter Four: The Press Section Lesson

Not every lesson arrives from within the maintenance department. Some of the most formative moments in Sam's early career came from watching other people make decisions—and witnessing the consequences of those decisions with enough distance to see them clearly.

The press section incident became one of those moments. It had occurred at a mill Sam was familiar with, on an aging Beloit paper machine that had been running for decades. The Assistant Paper Machine Superintendent—recently promoted from Process Engineer, energetic, ambitious, under pressure to produce results—had been searching for production improvement on a machine that was drying limited for the grades it ran.

After installing spoiler bars in the dryers with limited success, he had turned his attention to the press section. The logic was sound: less moisture entering the dryer section meant less evaporation required, which meant higher speed potential. The suction roll in the second press became the focus.

The mill's engineer consulted the equipment files and found the design specification: a maximum PLI loading of 175 pounds per linear inch. The shell was bronze, rubber-covered, perforated for vacuum application at the nip. It had been in service since 1956.

The veteran engineer communicated the specification and added a caution that reflected decades of experience: that the design safety factor, which might once have been two, had likely been consumed by years of service and fatigue. He suggested contacting the OEM before proceeding. He mentioned that no spare suction roll existed in the mill. He noted the 18-to-24-month lead time for manufacturing a replacement.

The Assistant Superintendent listened. He heard. He did not change course.


"Well, I'm going to run it up. I think I can load that press up and not crush the sheet. It should help us in the dryer section."

"I think you should check with Beloit first. I'm going to check with the boss about what you are thinking, okay?"

"We've got to increase our production, and I think we can do it with this—and it's not what I'm thinking, it's what I'm doing."


The loading was increased. The machine ran at 450 PLI—more than two and a half times the design limit. For nearly two weeks it held. Then the shell failed.

The emergency that followed was handled with considerable ingenuity. A fallback plan materialized from nothing. The felt was replaced. A spare top roll was installed in the bottom position with improvised bearing modifications. Old equipment was retrieved and jury-rigged to help remove water from a felt that was never meant to run this way. Contacts were made, relationships called upon, and through a combination of goodwill and urgency a twin roll was located at a Midwest mill that had upgraded its press section and no longer needed it. It was shipped straight through, ground to the correct crown en route, and delivered in three to four days.

The machine restarted and ran back to where it had been before the experiment began.

The next day, the Maintenance Manager stopped by the Assistant Superintendent's office.


"How's it operating?"

"Just like the old one. In fact, I'm thinking that since this roll didn't run as long as ours, it should be stronger, and that means I can jack up the loading, speed up the machine, and try to make up some of the lost production we had with the failure."


In the logbook, the event was recorded as a mechanical failure and classified as a maintenance issue.

Sam heard this story and turned it over in his mind for years. It was not the failure itself that stayed with him—equipment fails, and that is a fact of industrial life. What stayed with him was the classification. A decision-driven failure had been recorded as a mechanical one. The organization had been presented with a clear, vivid lesson about the relationship between operational decisions and equipment integrity, and it had responded by blaming maintenance.

This pattern—the misclassification of decision-driven failures as mechanical failures—had consequences that compounded invisibly. When organizations misidentified the true root cause, they unintentionally reinforced the behaviors that had produced the failure. Operations continued to push harder. Maintenance continued to absorb the consequences. The underlying accountability remained unaddressed.

Sam began to understand something that would anchor much of his later thinking: reliability could not belong solely to maintenance. It had to belong to the entire organization—including those who set production targets, those who made decisions about operating parameters, and those who managed the culture in which those decisions were made and evaluated.

Machines did not fail in isolation. They failed within systems shaped by human decisions. When those systems rewarded short-term gains and isolated accountability, reliability suffered. When they encouraged shared ownership and honest analysis of contributing factors, reliability improved.

The press section had not failed because of poor maintenance. It had failed because the organization allowed a decision to be made that ignored documented engineering limits and expert caution, and then failed to learn from the outcome. That was not a maintenance problem. That was an organizational one.


Part 2: Mid-Career: The Architecture of Understanding

The early career lessons gave Sam the raw material. The middle years gave him the framework. In this phase of his professional life, he moved from asking what was going wrong to asking why it kept going wrong—and from there to asking what kind of organization would be required to make it stop.

Chapter Five: Harvey and the Chip Silo

Sam was managing the maintenance function at a market pulp mill that had been built about fifteen years before his arrival. By the standards of the industry, it was relatively new—a fact that made its persistent reliability problems more instructive, because they could not be excused by the age of the equipment. The problems were organizational, not metallurgical.

Harvey was a Class A electrician and something of an instrument technician. More importantly, he was a troubleshooter by nature, the kind of person who could not pass a struggling machine without wanting to understand it. He had built up, over years of night calls and early-morning emergencies, a detailed mental map of the mill's bad actors—the assets that repeatedly caused problems, consumed disproportionate time and energy, and operated at the intersection of mechanical fragility and organizational neglect.

Harvey had also noticed that Sam was the kind of manager who listened. Not the performative listening of someone waiting for you to finish talking so they could tell you what they had already decided, but genuine listening—the kind that acknowledged the value of what was being said.

The mill had been built with eddy current couplings on its electrically driven variable-speed assets. They were the technology of the era, and they had served adequately, but they were maintenance-intensive, temperamental, and increasingly unreliable. The chip silo table feeder was among the worst offenders.

When a trial of newer hydraulic drives had proven successful on the digester, the technology had attracted attention throughout the mill. Not just for the performance improvement, but for what it represented: an investment in reliability, a willingness to replace the familiar with the better. Harvey had been watching closely.

One afternoon he came into Sam's office and sat at the table. Sam rotated his chair to face him.


"Harvey, when you are thinking, good things happen. I'm all ears."

"Well, I've been studying those new hydraulic drives they installed on the digester and by all reports they are very dependable—basically mechanical, and as you well know, everyone is a mechanic."


Sam raised a hand.


"You mean everyone thinks they are a mechanic, right?"


Harvey chortled.


"Yes, exactly. Anyway, I just got back from an emergency trip out to the chip silo. The table had tripped out again—three times this week alone. Those eddy current couplings are a maintenance nightmare, and I seem to be the only one in the E&I group that can get them running again. Or at least that's the way it feels. I was thinking—maybe we ought to consider replacing that old unit with one of these new hydraulic drives."


Sam appreciated the idea immediately. But he also understood the landscape it would have to cross to become reality. Engineering would not budget for it without significant pressure. The union had concerns about craft jurisdiction changes. And the financial justification was complicated by the fact that Harvey's quick response time had, so far, prevented any production loss from the chip silo—meaning the problem existed, but the cost of the problem was hidden inside Harvey's availability.

Rather than simply approving the idea or forwarding it through channels, Sam made a different kind of proposal.


"I am one hundred percent supportive of this idea, and I will back it one hundred percent. But here is my proposition. How about you talking up the benefits of a replacement drive among your E&I folks—Al included—and see if you can convince them to be a little more open to progress? Tell them all the reasons you can imagine why this replacement would benefit them. I'll handle the funding justification."


It was, in miniature, a model of how organizations change. Sam did not simply exercise authority. He distributed ownership. He invited Harvey to become an advocate for a solution that Harvey himself had identified, asking him to do the work of persuasion in the social and cultural domain where the resistance was concentrated. He took on the work that was his to do—the financial argument, the capital justification—while trusting Harvey to do the work that only Harvey could do.

The request was approved. There was no pushback from the union. No jobs were eliminated. The chip silo table feeder stopped being a troublesome bad actor. The emergency calls to Harvey's home at two in the morning gradually ceased.

Not a bad outcome from a simple suggestion made to an interested listener.

But the deeper lesson was about organizational intelligence. The people closest to the equipment, the ones who touched it daily, who felt its problems through their hands and heard its distress calls before anyone else, possessed knowledge of immense value. When managers created conditions in which that knowledge could surface—when they listened genuinely, distributed ownership thoughtfully, and supported the people who brought insights forward—the organization became measurably smarter.

"Reliability improvement can originate from any level of the organization. When people closest to the equipment are empowered to contribute, the organization becomes smarter and more proactive."

Sam began to carry this principle explicitly. The maintenance manager who sat in the office waiting for problems to be brought to him was getting a fraction of the available intelligence. The one who created relationships of genuine trust with people like Harvey was accessing knowledge that no management system, no KPI dashboard, no benchmarking study could produce.

Chapter Six: Culture Versus Production Pressure

Just as Sam began to see reliability take root as a shared organizational value, he encountered one of the most persistent and insidious obstacles to sustaining that progress: production pressure. The conflict was subtle at first. It was rarely spoken directly. But it was always evident in behavior.

When schedules tightened, reliability practices were shortened. When orders increased, preventive work was postponed. When downtime threatened shipments, temporary fixes replaced permanent solutions. The organization had begun to understand reliability intellectually, but production urgency tested whether that understanding would hold under stress.

One particular period made the conflict unmistakable. Market demand surged, and the mill was asked to increase output beyond its normal operating envelope. Production meetings focused entirely on tonnage targets, shipment commitments, and recovery plans for any lost time. Maintenance windows shrank. Preventive work orders accumulated in a growing backlog. Operators were quietly encouraged to keep the machines running at all costs.

Sam watched carefully. He had seen this cycle before. Short-term production gains had a consistent and well-documented tendency to come at the expense of long-term stability. Equipment was pushed harder. Lubrication intervals stretched. Inspections were deferred. Minor issues were noted and not addressed.

Initially, performance appeared strong. The mill achieved impressive daily production numbers. But the warning signs were visible to anyone paying attention: vibration levels creeping upward on critical equipment, temperatures trending higher, minor leaks appearing at seals and fittings that had been holding steadily for months, operators reporting unusual noises that they mentioned once in shift reports and then stopped mentioning when nothing happened.

Sam raised the concern during a production review meeting. He did not argue against higher output—he understood the business need with full clarity. Instead, he framed the issue differently.


"We can run harder. But we need to understand that reliability is what allows us to sustain that performance. If we consume reliability to gain production, we are borrowing from the future. Eventually, the equipment will collect that debt."


Some in the room nodded. Others remained focused on the week's targets. The pressure to deliver was tangible and immediate, while reliability risks felt abstract by comparison—the kind of concern that seemed reasonable in theory but less urgent than a shipping commitment that was due Friday.

Within weeks, the first significant failure occurred. A pump that had been showing early warning signs failed unexpectedly, forcing a short but disruptive outage. The event triggered the familiar organizational response: urgency, repair, restart. Production resumed, and the incident was treated as an isolated occurrence.

Sam resisted the impulse to say that he had told them so. Instead, he used the event as a learning opportunity—carefully, without assigning blame, in a tone that kept defensive reactions from closing down honest analysis.

He gathered operations, maintenance, and engineering personnel to review the timeline. The discussion revealed that inspection intervals had been extended, lubrication postponed, and early warning indicators not escalated to anyone who could have acted on them. No single decision had caused the failure. A series of small compromises had accumulated until the system's reliability reserves were exhausted.

The group began to see the pattern. Production pressure had not intentionally undermined reliability. It had done so gradually, one small decision at a time, through the perfectly rational behavior of people responding to the priorities that the organizational culture was signaling.

"Production pressure doesn't destroy reliability overnight. It erodes it one decision at a time."

From that point forward, Sam pushed for a new principle to be embedded in production discussions: targets must be balanced with asset health indicators. If equipment condition began deteriorating, the organization would adjust its approach. Reliability metrics—backlog of preventive work, condition monitoring alerts, repeat failures—became standing items on the production review agenda rather than maintenance department concerns.

This shift did not eliminate pressure. It changed how the organization responded to it. When demand increased, teams planned additional maintenance coverage. When operating rates rose, inspection frequency increased rather than decreased. Reliability was no longer viewed as an obstacle to production performance; it was recognized as the enabler of sustained performance.

Sam understood that this balance defined the maturity of a Reliability-Centered Organization. Immature organizations treated reliability and production as competing priorities. Mature ones understood that they were inseparable.


Chapter Seven: The Market Pulp Mill Visit

Some lessons arrive from witnessing excellence in practice elsewhere. During a trip to South America, Sam visited an existing pulp and paper mill with a recent greenfield market pulp mill expansion—and found something he had been trying to build for years: a working model of what a mature reliability culture actually looked like.

The mill produced over 2,500 metric tonnes per day of eucalyptus market pulp, on its way to a goal of 3,000, with a total workforce of 850 people, 200 of them in maintenance. It was a relatively young mill by industry standards, having launched its first fiber line in 1997 and its second in late 2002. The technology was at or near state of the art. The cloned eucalyptus supply reduced raw material variability and therefore process variability.

But what struck Sam was not the technology. It was the organizational architecture around the technology.

He sat with the Reliability Manager, and listened carefully. The reliability engineering group had grown from two people in 1997 to fourteen by the time of Sam's visit—a concrete indicator of where the organization's resources and attention were directed. These were not nominal positions. Each reliability engineer was deeply immersed in the process they oversaw, expected to understand not just the mechanical behavior of equipment but the production logic that surrounded it.


"Expecting to impact business goal improvements without understanding the process is nearly impossible. That is why we expect our reliability engineers to be fully immersed in their assigned areas of responsibility, so they appreciate the reason an action must be taken."


The workforce was being trained toward a model the mill called "mechatronics"—a deliberate fusion of mechanical, electrical, and instrumentation skills that was intended to produce technicians capable of functioning across the boundaries that had traditionally separated craft roles. Fifty mechatronics technicians were working in the mill at the time of Sam's visit, with a goal of converting the entire maintenance workforce within four to five years.

The mill had established a collaborative reliability partnership that outsourced vibration monitoring and lubrication management to a vendor who placed its staff on site and made them an integral part of the mill's reliability effort. The arrangement was not merely transactional. The vendor was expected to identify problems before the mill did. Monthly formal reviews measured performance against reliability KPIs. The relationship was a partnership, with shared stakes in outcomes.


"The vendor has to know the problem before us. Our hope is that they solve the problem even before they notify us."


When Sam asked the Reliability Manager to summarize the philosophy underlying the entire operation, the answer was simple and complete:

"We don't manage for costs. We manage for reliability."

Sam had been moving toward this understanding for years. Hearing it stated so directly—and seeing it embedded in every organizational decision, from staffing levels to technology investment to workforce development strategy—confirmed what he had been building toward.

Managing for reliability was not the absence of cost discipline. It was the recognition that cost discipline, applied to a system genuinely designed for reliability, produced better financial outcomes than cost reduction applied to a reactive system. The costs of unreliability—emergency work, lost production, shortened equipment life, safety incidents, supply chain disruption—dwarfed the costs of proactive reliability investment when the full accounting was made.

The mill had not arrived at this understanding by accident. It had been built deliberately, over years, through a commitment to the idea that reliability was a business strategy, not a maintenance function.

Sam left the mill with a stronger version of the framework he had been developing. He had seen what the destination looked like. Now he needed to understand more precisely how organizations got there.


Part 3: Late Career: The Philosophy Becomes a Framework

The later years of Sam's career were defined less by new experiences than by the integration of old ones. He had accumulated enough perspective to see the full arc of what he had been learning—and to begin articulating, with precision and conviction, the principles that would define a Reliability-Centered Organization.

Chapter Eight: The Realization That Reliability Is Organizational

Sam's journey toward conceiving a Reliability-Centered Organization did not occur in a single moment of inspiration. It emerged gradually, shaped by a series of events that revealed a deeper truth: equipment failures were rarely just equipment failures. They were the visible symptoms of decisions, assumptions, and organizational behaviors that had accumulated beneath the surface long before the failure announced itself.

He had watched the press section incident play out. He had seen how the misclassification of a decision-driven failure as a mechanical one had protected the wrong lessons and reinforced the wrong behaviors. He had seen how Harvey's knowledge—valuable, actionable, immediately applicable—had been sitting unused until someone created the conditions for it to surface.

He had watched lubrication programs succeed and fail in the same mill based on nothing more than the presence or absence of cultural reinforcement. He had seen how production pressure could erode reliability practices invisibly, one small compromise at a time, until the accumulated deficit declared itself as a catastrophic failure.

Each of these experiences had been pointing toward the same conclusion, but the conclusion had taken years to assemble into a coherent principle.

The principle was this: reliability is not a function. It is a shared responsibility that must be embedded in how the entire organization makes decisions, sets targets, defines roles, measures performance, and responds to failure.

Sam began asking different questions. Instead of asking why maintenance had not prevented this failure, he asked what organizational decision had allowed it to occur. Instead of asking who owned the equipment, he asked who influenced its reliability. Instead of asking how to repair it faster, he asked why it kept failing.

These shifts changed conversations throughout the mills he worked in. Maintenance supervisors began attending production meetings as contributors rather than observers. Operators began sharing process upsets that had preceded mechanical issues, recognizing that the connection between operational conditions and equipment behavior was real and important. Engineers were invited to review chronic failures before proposing new designs, so that their solutions addressed root causes rather than symptoms.

Gradually, reliability discussions moved out of the maintenance shop and into the operating areas, into the engineering offices, into the production planning meetings. The conversations became richer because more perspectives were represented. The solutions became more durable because more of the contributing factors were addressed.

Resistance emerged, as it always does when roles evolve and boundaries shift. Some production supervisors felt that maintenance was encroaching on operational authority. A few tradespeople worried that broader participation might dilute their professional expertise. Others questioned whether these discussions would slow decision-making in situations where speed mattered.

Sam addressed these concerns carefully and repeatedly. The goal was not to redistribute authority. It was to share knowledge. Reliability improved when decisions were informed by all relevant perspectives. Operators understood process conditions. Maintenance understood equipment behavior. Engineering understood design limitations. Management understood business objectives. When these viewpoints aligned around a shared understanding of asset health and organizational capability, reliability became predictable rather than reactive.

Over time, the language of the organization changed. "Maintenance problems" became "reliability issues." "Breakdowns" became "learning opportunities." "Quick fixes" became "interim solutions." These linguistic changes were not cosmetic. They reflected deeper cultural transformation—a shift in how people understood their relationship to assets, decisions, and outcomes.

Sam realized that this transformation represented the critical step toward a Reliability-Centered Organization. Processes and tools were necessary but insufficient. Culture determined whether they would succeed. Without cultural alignment, even the most technically sophisticated reliability strategies would struggle to take root. With cultural alignment, improvements compounded naturally.

The maintenance department had not disappeared in this evolution. It had become something more: a reliability resource for the entire mill, a center of expertise that informed decisions across departments, a team whose contribution was understood and valued in a way it had never been when its role was simply to respond to failures.

Chapter Nine: Innovation, the Sticky Note, and the Stable Platform

There is a story that Sam carried with him for years, turning it over in his mind the way you turn over a stone to see what is underneath.

Early in his career, at a mill site that bordered the facility he was managing, a joint venture had been established to develop a proprietary coating technology. The trigger for the project had been a threat: a major customer might leave unless the mill could supply a specific coating capability. The fear of revenue loss had done what years of normal CAPEX cycles could not—it had produced immediate approval, bypassing the grinding deliberation process that normally governed capital investment.

The technology involved encapsulated ink applied to paper, designed to burst under pressure for carbonless copying. The market was dominated by a single provider, and the joint venture was attempting to compete. The facility was so proprietary that access was restricted even for people like Sam, who had reason to visit from across the street. Visitors required escorts. Knowledge was protected as carefully as process chemistry.

The venture struggled. Market penetration was elusive. The facility eventually changed hands, and what followed was unexpected: the new owner used the same coating and converting capabilities to develop something entirely different. A coated section of continuous paper sheet, cut into small squares in different colors, with a coating that allowed each square to adhere lightly to any surface and be removed without residue. Written on, repositioned, used as markers, reminders, placeholders. A product that became so ubiquitous in office environments that its name became a common noun.

Sam held a small yellow note between his fingers one afternoon, years after the fact, and felt the full weight of the lesson.

The technology that had survived was not the first bold application. It was the one that had found a stable home—a reliable manufacturing system capable of producing it consistently, handling it without damage, and delivering it to customers predictably. The innovation that had been built on urgency and isolation had struggled. The innovation that had been built on a stable platform had thrived.

Several things about the coating venture experience stayed with Sam. The funding had been approved instantly because revenue was threatened—not because the underlying operational or reliability case was compelling. The facility had been physically and culturally isolated in the name of protecting proprietary technology. Maintenance integration had been limited. Knowledge sharing had been restricted. Everyone had been focused on the new idea. No one had been focused on sustaining it.

The idea had been brilliant. The system supporting it had not.

"Without reliability, innovation is just an experiment. With reliability, innovation becomes a business."

Sam wrote this sentence on a small piece of paper and kept it on his desk for years. It was not an argument against innovation. It was a clarification of what innovation required in order to succeed.

He carried the lesson into every subsequent conversation about technology adoption, capital investment, and organizational change. When teams debated speed versus preparation in implementing a new process or technology, Sam would listen carefully and then speak with the calm that comes from having been wrong about this before and having thought about it deeply.


"We should absolutely innovate. But let's not repeat an old mistake. If we build this on unstable ground, we'll be innovating again next year just to fix what we rushed today. Reliability isn't slowing us down—it's making sure the innovation lasts."


The most innovative organizations, he had come to believe, were not the ones that invested fastest. They were the ones that had built the most reliable platforms for innovation to succeed. A Reliability-Centered Organization did not resist innovation. It created the conditions under which innovation could survive long enough to become competitive advantage.

Chapter Ten: The Yankee Dryer Question

In the later years of his career, Sam moved into consulting work, carrying his accumulated experience into mills where reliability challenges had become intractable and where outside perspective could offer what internal familiarity sometimes obscured.

One such engagement took him to a tissue mill that was experiencing persistent problems with its Yankee dryer—a large, expensive, critical piece of equipment that had been showing surface irregularities affecting product quality despite a strong condition monitoring program and technically competent staff.

The mill had good tools. The vibration monitoring was sophisticated. The data was being collected and analyzed. The technicians were skilled. The discussion was technically serious. Yet the problem persisted.

Sam sat in the analysis meeting and listened. The conversation moved through the usual territory: vibration signatures, bearing temperatures, process parameters. The team was thorough. The data was solid. The interpretations were defensible.

Then Sam asked a quiet question.


"Have you ground the Yankee dryer recently?"


There was a pause. The kind of pause that sometimes precedes a genuinely important conversation.

One of the mill's technicians answered that the dryer had been ground during a scheduled outage some months prior. 

Moisture in cast iron and steel can create stress gradients that affect surface geometry in ways that are subtle at first and progressive over time. The condition monitoring had been detecting symptoms. It had not identified the organizational gap that was the actual root cause: the absence of a shutdown procedure that controlled environmental conditions and lubrication continuity during idle periods.

What Sam had introduced with a single question was not a technical solution. It was a systems question—one that bridged technical analysis, operational history, human behavior, environmental conditions, and organizational procedure. It pointed to a failure that had occurred not during normal operation but during a rare, non-routine maintenance event—exactly the kind of event for which immature reliability organizations have no standardized protocol.

The discussion that followed was different from the one that had preceded the question. It was wider. It considered factors that had not been on the table. It asked not just what the machine was doing but what organizational conditions had allowed this particular failure mode to develop.

Sam did not solve the problem in that meeting, nor did he attempt to. He changed how the organization thought about the problem. And in doing so, he demonstrated something that he had come to regard as the essential practice of a Reliability-Centered Organization.

"RCO is not procedures, metrics, technology, or programs. It is a shared way of thinking that asks: What organizational conditions allow failures to occur?"

The Yankee dryer question was a big-picture question. The most valuable questions always are. They connect what the instruments measure to what the organization does

Chapter Eleven: The Convergence of Disciplines










Chapter Twelve: The Nexialist and the Architecture of Integration
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Chapter Thirteen: The Digital Mill and the Ancient Lesson
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Part 4: The Philosophy Assembled: What a RCO Actually Is


Chapter Fourteen: What Reliability-Centered Organization Is Not







Chapter Fifteen: What Reliability-Centered Organization Is



The First Principle: Failures Are Organizational Events





The Second Principle: Knowledge Closest to the Equipment Is the Most Valuable




The Third Principle: Culture Determines Whether Practices Survive




The Fourth Principle: Reliability Enables Sustained Innovation




The Fifth Principle: Reliability Is the First Link in the Value Chain




Chapter Sixteen: The Path to a Reliability-Centered Organization


Stage One: The Reactive Organization



Stage Two: The Preventive Organization



Stage Three: The Proactive Organization



Stage Four: The Collaborative Organization



Stage Five: The Reliability-Centered Organization
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Epilogue: The Final Walk
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Appendix: The Core Principles of a Reliability-Centered Organization


On Failure


On Knowledge


On Culture


On Production and Reliability


On Innovation


On Collaboration


On Technology


On Leadership
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