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Lean Reliability

Lean thinking has been widely adopted in manufacturing operations. Toyota set the standard in discrete
manufacturing industries for producing products in the quickest and most efficient way. Other leading
companies have also adopted productivity-enhancing manufacturing techniques. Yet in highly capital-
intensive industries, including mining, metals, pulp and paper, and power generation, equipment reliability
plays a far more critical role in business success because degradation in equipment condition results in
reduced equipment capability. Equipment downtime, quality problems and the potential for safety and/or
environmental incidents are the result of poor performing equipment. All of these can negatively impact
plant output.

This whitepaper explains how traditional Lean thinking and principles can be applied specifically to the
equipment reliability process to achieve breakthrough performance improvement. This business process
focuses people on managing physical asset reliability to meet the business goals of the company. Lean
Reliability brings together Maintenance and Operations personnel to manage the equipment reliability
process in a way that reduces waste and continuously improves the process. Lean Reliability focuses on
managing asset health to achieve optimal performance at optimal cost.

The Evolution from Lean Manufacturing to Lean
Maintenance to Lean Reliability

Lean Manufacturing has been implemented in many organizations to optimize the production process.
Lean improvement efforts have successfully reduced manufacturing lead times, reduced work in process,
and generally improved the work environment and manufacturing operation. Yet many companies
continue to face major issues due to poor performing capital assets (either not meeting capacity
requirements or overspending in Maintenance to achieve required performance levels). These companies
have not seen the full benefits of Lean. The reason for this underachievement is the lack of integration of
Maintenance as a true partner of Manufacturing in achieving optimal performance of the physical assets
that contribute to achieving company goals. Maintenance needs to “join the lean team” and contribute as
a partner to the operation.

For some companies, the old way of thinking about Lean within Maintenance simply meant cutting the
Maintenance budget by 20 to 30%, sometimes by even 50%, then demanding that Maintenance do more
with less. This approach was known as the “slash and dash” approach. As a result, plant performance
suffered while management struggled to cope with acute reliability issues and a disgruntled workforce.

For other companies, Maintenance was simply a necessary evil and a creeping Maintenance budget was
the result - spending too much money for the required uptime or equipment availability. As Ron Moore,
author of “Making Common Sense Common Practice” defined it, “(companies have) too much
maintenance in their reliability”. If your maintenance budget continues to rise and reliability either stays
the same or decreases, you're maintenance program is the problem.

And for yet others, reliability and maintenance issues remain a hidden problem — even though they are
the root cause of the company losing large amounts of money by the minute.
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When we compare maintenance costs within a typical company to world-class (see chart below), we
recognize that there is a huge opportunity to improve. In the U.S, alone, billions of dollars are spent
unnecessarily on maintenance expenditures due to lack of control, lack of process.

Metric “Typical” “World Class”
Maintenance Cost / Replacement Asset Value (RAV)

Maintenance cost must include labor (including overtime), material, contract 3.5% - 9% 2.0% - 3.0%
maintenance and capital replacements / maintenance (replacing worn out assets
because they were never properly maintained).

Maintenance Material Cost / Replacement Asset Value (RAV)

0 - 0, 0 -
Maintenance material cost must include material in storeroom stock, plus material in 1.0%- 3.5% 25% .75

other storage locations (maintenance shop, plant floor, etc.).

Many companies have shut their doors and used many excuses including not being able to compete with
cheaper labor overseas. We, in maintenance and operations, can either improve our plant operational
performance and control our destiny or someone else will, by closing the plant.

Managing Asset Performance to Meet Customer Needs

Customer expectations are normally defined in terms of product quality, competitive pricing, service
levels, on-time delivery, and overall solution delivery. Within our organization, we can determine, measure
and control the performance requirements of our physical assets to meet business goals and market
demand. (eg. quality, availability and Overall Equipment Effectiveness (OEE), cost/unit, safety and
environmental integrity). To achieve our asset performance requirements, we must manage three inputs;
process technology, standard operating practices and asset care practices. See graphic below.

Market Demands
Quality, Delivery, Price, Service, Solutions

Organizational Objectives
Safety, Environment, Quality, Availability, Throughput, Cost/Unit

Eqmpment Condition |
Asset Care Practices Standard Operatlng
Practices

The three inputs to manage asset performance.

Process Technology

The first input is process technology that simply delivers the inherent capability of the equipment "by
design" to meet the equipment performance requirements. The second input is the operating practices
that make use of the inherent capability of process equipment. The documentation of standard operating
practices assures the consistent and correct operation of equipment to maximize performance. The third
input is the asset care practices that maintain the inherent capability of the equipment. Deterioration
begins to take place as soon as equipment is commissioned. In addition to normal wear and deterioration,
other failures occur. Failures happens when equipment is pushed beyond the limitations of its design or
operational errors occur. Degradation in equipment condition results in reduced equipment capability.
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Equipment downtime, quality problems or the potential for accidents and/or environmental incidents are
the visible outcome.

In Lean, one of the goals is to reduce the losses associated with product quality, plant capacity and
safety.

Meet Needs of the Customer
“100% of the time”

Quality Product Demanded
Quantity Product Demanded
On time delivery Demanded

.. At the lowest cost

Fo—-—m—-mmy

1 L
Plant Capacity / Safety and
Product Quality Asset Availability / Environmental
Asset Utilization Integrity
e  Operator Adjustments * * e  Breakdowns * e Accidents
. Raw Material Problems | . Scheduled Outages . Environmental
e  Equipment not operated |« Product Changeovers excursions
to specs | + Breaks/Lunch |
. Shift Change |
.

| | Equipment Start-up

e R |
|
|

Lean Reliability

Lean Manufacturing eI ) Lean Maintenance
- Joint equipment ownership

Joint reliability ownershop

A Lean Reliability Partnership is Key to Meeting Customer Needs

Plant capacity, asset availability and asset utilization losses are affected by scheduled and unscheduled
downtime. This downtime includes equipment breakdowns, scheduled outages, product changeovers,
breaks / lunch, shift changeovers and equipment start-up. Product quality losses can be affected by both
maintenance and operations but are the responsibility of both parties. Quality losses include operator
adjustments/errors which or as a result of equipment reliability issues; raw material problems could be
caused by the supplier (low chance), storage or transfer issues which could be operations or equipment
reliability problems. Safety and environmental integrity losses can affect the health of the plant workers
and health of the community. This category is difficult to place a specific hard value to but the results
nonetheless can be measured.

Everyone in an operation from senior management to floor level personnel must understand that these
losses can cause a plant to lay off employees or worst - shutdown. In most cases plant layoffs and
shutdowns could have been avoided if addressed jointly in a lean reliability initiative (because of the huge
financial impact increased reliability provides). The specific financial value of the initiative must be
determined in terms of addressing the major losses. Jointly the plant leadership team, along with the
comptroller, can determine the opportunity in the short and long term.
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The New Lean Team

To achieve and sustain Lean Reliability, there is a joint responsibility between Maintenance and
Operations. Ownership of equipment and reliability is a shared responsibility which must be demonstrated
and proven through reduction in cost and risk to the business. Working together at all levels (from the
plant floor to management), Maintenance and Operations are the new “Lean Team”, providing a solution
to address the major losses that can be caused by equipment reliability issues. This new team needs to
drive reliability from the floor level and monitor progress of reliability by establishing targets for
improvements and measure progress with KPIs (Key Performance Indicators). Only then can this team
leverage a sense of shared ownership in Lean Reliability to achieve breakthrough performance.

Lean Reliability requires a business process to manage asset reliability. This process needs to be jointly
managed by Maintenance and Operations working together to optimize asset reliability at optimal cost.

A Proactive Asset Reliability Process

Evolving from Lean Manufacturing to Lean Reliability requires the development of a Lean Asset Reliability
Process. The output of this proactive process is optimal asset reliability at optimal cost. The core concept
in a Lean Asset Reliability Process is providing a sound technical basis to focus on the right work at the
right time — regardless of who is conducting the work (the operator or tradesperson).

In the majority of plants with high maintenance costs (excluding perhaps nuclear power generation
plants), we find reactive activities. By our very nature, we resist change and are trapped in this reactive
environment, We become such good fire fighters, that we are rewarded for our reactive behaviour — so
we believe this reactive culture is a good thing, that is until the next time the equipment breaks down,
causing a major downtime incident (hero one day, enemy the next).

Changing from a reactive culture to a proactive culture cannot happen overnight. It is a journey that starts
with implementing a process for achieving reliability.

Companes that have been (b 1 moove | cowol

successful in transitioning to a Align Reliabilty

proactive asset reliability focused Strategy with Work — Wk —  Work
culture all have one ingredient in Business Goals Identification Planning Scheduling
common — they are following a ' T
formal business process to govern Identity Physical
the work done to maintain their Assets - Sustained
i ; Contributing to ontntatls :

assets. The reason for thls_fact is e e R —
that the reliability of assets is far 1 Loop Loop
more related to the things people do Prioritize Assets

H ; f by Consequence /
than itis to an_ythlng else. With the e I
right process in place, we can ensure ! oo Work

i i i ormance Follow-up &

that p_eop_le are doing the right things Estabilsh Targeter] [ «——  Execution
to maintain plant assets. Performance ———

While most plants have in place a

process to govern the work done in An Asset Reliability Process

maintenance, the typical process includes only the planning, scheduling, work execution and follow-up
elements of the above process. These process elements, shown in the blue box of the process diagram,
are necessary elements but they do not represent an effective, proactive process.

Before we discuss the other required elements of a reliability process, we should first understand the
definition of “optimal asset reliability”. Optimal asset reliability means that for the least possible cost, we
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achieve the level of performance we need from our equipment in order to meet our business goals (plant
or company level goals). Equipment performance in this case is not production output, but should be
described instead in terms of the required level of uptime (such as Mean Time Between Failure, or MTBF)
and or in terms of the maintenance cost needed to assure the desired performance. Given that we need
to understand the business goals to be supported by the equipment, the asset reliability process must
include this connection to business goals, as shown in the green box of the process diagram.

Next, we determine the assets that are most critical when they fail, and where the risk is highest in terms
of impact on business performance. For these assets, we establish specific performance targets. This
stage focuses maintenance reliability improvements on the performance targets of critical assets that
contribute most to the company's success.

The Assess stage then compares the asset performance targets to the maintained asset’s actual
performance which is learned in the blue box as we execute work. This stage identifies and

prioritizes gaps in performance by performing specific Performance Analyses. In this process, functional
failure is defined as the inability to meet performance requirements, and so a performance gap is really
a functional failure.

In the Improve stage, the team selects an appropriate Work Identification strategy in order to understand
and address all causes of failure for the specific asset under consideration. One of the toughest
challenges on the road to improved asset reliability is to determine the prescription of proactive work that
should be done to maintain the assets so that they deliver the reliability we need (at optimal cost). This
topic is also known as “work identification”, and it represents the cornerstone of an effective asset
reliability process. The resulting asset reliability program for an asset will include some mix of
preventive maintenance, detective maintenance, predictive maintenance and some run-to-failure
decisions. The outcome of the Work Identification element is the right work at the right time (the right
work defined in terms of the tasks and the timing for conducting them).

The process is self-sustaining, with opportunities to continuously improve and evaluate the overall
effectiveness of the Asset Reliability Process as well as revisit reliability programs and continuously
improve. These activities optimize the effectiveness of the Lean Team.

Supporting Reliability Practices and Technology

The new Asset Reliability Process creates an opportunity for maintainers, operators and management to
learn new things and grow into new roles and responsibilities. Implementing one-system-at-a-time, you
can gradually transform your maintenance and operations employees into experts in reliability. Much of
the knowledge of the equipment and how to maintain it to ensure optimal reliability lies within your
existing workforce. The knowledge from these equipment experts can be formalized and made available
through the reliability process. This knowledge can be leveraged across all employees, assets and even
across other plants.

The transition to a reliability focused approach to asset care will result in the need to manage an
enormous amount of equipment health data. Successful Lean Reliability initiatives use technology to their
advantage to capture the knowledge of equipment experts and to then manage plant assets from an
online picture of the health. Rather than reacting to equipment failures, Operators and Maintainers
proactively maintain optimal equipment health.

8 of 19 Confidential information of lvara Corporation. Ivara is a registered trademark of Ivara Corporation.
Not to be copied, disclosed or electronically distributed without written permission from lvara.



@lunnn

WORK SMART

The Basic Principles of Lean
Reliability

The three basic principles of Lean Reliability are:
1. Eliminate waste
2. Continuously improve
3. Teaming Maintenance and Operations

Eliminate Waste

There is a huge opportunity to eliminate waste when we implement a proactive asset reliability process.
Fundamentally, people are, for the most part, doing the wrong work. The wrong work is a combination of
work done that is too much too early, or too little too late. The classic example of the wrong work is
justified as "we have always done it this way". There is a very significant financial opportunity associated
with identifying the right work to do.

Type of work Cost Result
R ti Downtime Too Little
cactis - highest repair $ Too Late

Non-value Unnecessary Too Much

added parts and labor Too Early
Minimum $ to The Right

Base Worls ensure reliabil at the Rig

In a reactive environment, the focus of maintenance work is repairing failed equipment. In a fully proactive
environment, the focus on maintenance work becomes inspections of asset heath to enable proactive
intervention prior to failure. To transition to a proactive asset reliability program, you need effective work
identification capabilities.

The right work is the minimum amount of work necessary to ensure the asset provides the necessary
level of performance. Since the majority of failures occur randomly, and are not related to age, other
techniques such as asset heath monitoring are needed to allow us to intervene prior to loss of asset
function. Work identification is the cornerstone of reliability improvement and represents the fundamental
shift from conventional time-based maintenance to an asset reliability approach to maintenance. Yet, the
answer is not as simple as solely identifying the right work. In a reactive environment, a binder filled with
proactive tasks is not a solution. The solution must be a proactive process for guiding people's activity. In
addition, to successfully executing the process, employees must be trained on the latest reliability thinking
and practices, and equipped with tools to manage the data inherent in a proactive environment. Finally,
an appropriate change management implementation approach must be used. To implement a proactive
solution in a reactive culture requires a unique approach; one that transforms the culture, one asset at a
time.

Confidential information of lvara Corporation. Ivara is a registered trademark of Ivara Corporation. 9 0of 19
Not to be copied, disclosed or electronically distributed without written permission from Ivara.



@lunnn

WORK SMART

Determining the right reliability program for an asset is no easy task. It might seem that the longer a
company has been around the more effective the asset maintenance programs would be. Unfortunately,
this is not always true. The effectiveness of a reliability program has little to do with the number of years a
company has been doing maintenance. Most companies are doing too much maintenance too soon, or
too little too late, either of which has cost consequences to the organization.

To begin, we must first understand how equipment really fails.

Understand the New Definition of Failure

Reliability studies over the last 30 years say that 80% of asset failures are random. This is quite a
departure from what we would expect, yet research has proven that for the majority of components, there
is no correlation between age and how likely they are to fail. However, with the right practices and
technologies, you can detect early signs of random failure by monitoring the health indicators to
determine whether asset health is degrading. The P-F interval is the time between the detection of a
potential failure (P) and functional failure (F), as demonstrated in the diagram below. Proactive corrective
action is scheduled before functional failure occurs.

Today’s definition
Failure starts here of failure

Potential Equipment not
Failure : performing intended
: : function

Functionally failed

H H P'F
o Interval

S Old definition
of failure

Conditional
probability
of failure :

Equipment

broken

Time

Take a step back and review the way you manage equipment performance. If equipment continues to fail
after preventive maintenance or overhauls, then something must change. Rethink conservative time or
age based restorations and replacement decisions with asset health monitoring. If a PM task is not tied to
a failure mode (root cause), question why you are doing it.

Make sure you understand the function of an asset and its operating context, otherwise, your efforts are
wasted. Understanding the function of an asset and its performance requirements can have a profound
effect on how that equipment is operated and maintained and hence can affect the overall reliability of the
asset. This can be a challenging task, needs to involve the operators and maintainers of the asset
because they know best what the asset must do to achieve the operating targets.
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Capture the Knowledge of your Aging Workforce — Before

they Retire

The imminent aging workforce issue has made asset reliability a hot topic at the executive level of most
capital intensive companies. Executives have recognized the challenge in retaining valuable maintenance
and equipment reliability knowledge as their workforce retires. During their tenure, well-seasoned
operators and maintenance veterans become intimate with their equipment and can quickly repair to
avoid downtime. But this acquired knowledge is rarely documented or transferred to others and will be
lost if companies do not systematically collect this important information employees perform their jobs, all

of this knowledge will be lost upon retirement.

The reliability program captures the
knowledge of the equipment experts, the
operators and maintainers who know the
equipment best. In many companies, these
employees have worked with the equipment
daily for decades, and

so their knowledge is invaluable. The
challenge is to find a way to store this
information so that all employees can

take advantage of it for their daily work.
Reliability software captures this knowledge
and makes it available.

During the development of the asset
reliability program, these maintainers and
operators will be asked to contribute their
knowledge of the ways the asset fails and the
ways that have found to detect or prevent
failure. In the context of a well defined failure
analysis, their knowledge is captured,
formalized by linking proactive tasks to
specific failure modes. The detail that was
previously carried around in personal pocket
books becomes readily available as the new
Asset Reliability Program is defined and
deployed.

It's not a matter of if the aging workforce
issue will affect you & your organization but
when... Don’t waste this expertise, don't let it
walk out the door. If we don’t act now, the
problem will worsen.

Operations &
Maintenance

Supervisors Operators

Maintainers

Designers, #y//é

Manufacturers, &
Vendors

Operations &
Maintenance
Supervisors

Operators

Lost Knowledge

R

Designers, ManufactureTe
Vendors

Maintainers

Knowledge Lost When Experts Retire is Wasteful

By capturing the knowledge of your experts within a system, you can also reduce the amount of time
wasted each day manually calculating condition data. For example, the screen shown below, captures the
calculation to determine the effectiveness of a heat exchanger.
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Indicator name: I Heat Exchanger Effectiveness - LMTD

— Expreszion to uze to calculate the value of thiz indicator:

% 100%((T hatin-Thatout F[Laa(T hotin-T coalaut)-Laal T hataut-T codling ][ T hatin-T hotout+ T coolin-T coalaut))

Wiew Eunchionz... Check Expression

— Inputs to the calculation:

|nput M ame | Input Dezcription | Indicator

Teoalin [nlet temperature of coaling medium H# Inlet Temp of Caaling Medium [deg c)
Teoaolout Dutlet temperature of coaling mediunm Hx Outlet Temp af Cooling Medium [deg )
Thatir Inlet temperature of medium to be cooled H Inlet Temp of Medium to be Coaled [deg ¢
Thotout Dutlet temperature of medium to be cooled H Outlet Temp of tMedium to be Cooled [deg )

Ivara EXP captures the knowledge of your maintenance experts and eliminates manual calculations.

You no longer need to remember the engineering calculation since software can store the expression,
making it permanently available for all to use. Combine data from various indicators to determine the
overall effectiveness of the heat exchanger and when a non-normal value is found, prompt the user with
the predetermined corrective action (which was once only known by the expert). You can also consolidate
islands of data from multiple sources within the plant to evaluate current asset health. This ensures you

can get an accurate picture of asset health in a timely manner.

Automate paper check sheets

The majority of inspections involve

rather subjective assessments of £ |s1: 45 - ST: 45 341 @

the equipment condition. Visual or rkcakoe BN Ldouon

other sensory inspections can be value ;"g‘;'s:f;ﬁjt;h)ﬂ" =l

logged via hand-held data R TEITET

recorders (PDA’s). Non-normal moderate leak (needs d

readings will trigger alarms UoM Normal

and follow up work tasks to i major leak

suggest more rigorous inspections o Attachment =

or corrective work. TR hote

This also removes the subjectivity ' E Asset Title #1 Pump

of the inspection by providing the iDgised Son Couids GL2000 3 Contrd

inspector with the ability to choose - 3:38:41PM

a statement that corresponds to = Hierarchy Code

the observed condition, from a

predefined list of such statements. %/ - >
 Checksheet Options Help (=18

This approach will enable each

employee that conducts the
inspection do so in a consistent
manner.

Automating paper check sheets improves consistency and quality of data.

There are many more opportunities to eliminate waste when a proactive asset reliability process is

implemented. These ideas are just the tip of the iceberg.
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Continuous Improvement

Continuous improvement in Lean Reliability has some very basic principles which must be met in order to
be successful. Most companies never obtain true continuous improvement because one or more of these
basic principles are not met and thus their Lean effort never provides all the rewards available in the way
of lower total cost, higher asset reliability, higher asset availability, and higher capacity. These principles
include:

1. Work flow processes based on known “best practices” and periodically reviewed.

2. Having the discipline to follow the established work flow processes. Defining clear roles and
responsibilities as well as KPIs helps to ensure adherence to process.

3. Development of pre-planned job packages which have defined procedures, specifications,
material, tools, safety and other items required to ensure repeatability of the maintenance work.
These pre-planned work packages provide a means for maintenance work practices to be
improved based on Subject Matter Experts (SMEs). With pre-panned work packages
maintenance work can continue to improve and reduce the potential for lost time, lost knowledge,
and maintenance induced failures.

4. Defining “right work at the right time” (preventive, predictive, detective maintenance) utilizing a
technically sound process which is defined and managed by both maintenance and operations.
Analyzing known failures and improving the reliability program (learn from mistakes). An
automated system makes this a simple process.

5. Don't let the magnitude if failure data prevent you from succeeding. Monitoring and dissemination
of asset health using PdM, visual inspections, PLC Data, etc. becomes more manageable once a
system is in place.

You have the option to not follow all of these principles but with every principle that is not followed there
comes with it a risk of Lean not meeting the goals you expect. Is it worth the risk? Most companies select
the principles that are easiest to put in place or that they understand first.

Teaming Maintenance & Operations

The third and most important element of Lean Reliability is the teaming of Maintenance and Operations to
manage the physical assets required to achieve the goals of the company. Asset management needs to
be a shared responsibility between Operations and Maintenance. Together, this team can provide a
solution to address the major losses caused by equipment reliability issues.

Lean Reliability can only be successful when maintenance and operations become true partners in
managing assets. With a proactive process focusing on value-added functions required to produce
optimal equipment reliability at optimal cost, Lean Reliability is about people and creating a permanent
environment focused on reliability of equipment as a way of life in Maintenance and Operations. After all,
it is the Operators and Maintainers that are the equipment experts — they know how the equipment can
fail. They know how to detect early signs of failure. They need to understand whether or not it matters to
the business if the asset fails.

This new team needs to drive reliability from the plant floor level and support it from the top to be
successful.

Confidential information of lvara Corporation. lvara is a registered trademark of Ivara Corporation. 13 of 19
Not to be copied, disclosed or electronically distributed without written permission from Ivara.



[l IVARA

WORK SMART

How Lean Reliability Aligns
with TPM, Kaizen, 5S and Six
Sigma

Over the years, there has been a multitude of manufacturing improvement initiatives (eg. TPM, Six
Sigma, 5S, Kaizen) to improve operational effectives and efficiency. Lean Reliability applies these
concepts to the Equipment Reliability Process.

Total Productive Maintenance (TPM)

The basis principle of TPM is to empower employees to get involved with process improvement in order
to prevent unplanned equipment downtime and minimize waste. With the objective to lower costs and
improve return on assets, the basic asset care philosophy is about “autonomous maintenance” or
“operator-driven maintenance”. While this concept of basic care is a valuable starting point towards
optimizing asset performance at optimal cost, it falls short in the technical validity of the asset reliability
program.

Work
Requests
» Informal .
Manufacturer's Mainly age and use
Suggestions based, reactive work

“We've always of

done it" work
- Formal " Condition Data |
Asset
S Health
Asset Failure Failure | Reliability | = .o SIS i
Prioritization " Analysis Modes ¥ Program — > Pr\?\rﬂve
:T‘:’_Skz Age based —

One of the ways that we transition from reactive to proactive is to enhance the work identification process.
Rather than relying on our current program of reactive work requests, mostly time-based OEM
suggestions, potentially unjustified work that work that we've always done, we create a process that is
based on an understanding of the relative risk of the asset, followed by a technically sound failure
analysis using a formal work identification methodology, to understand all of the asset’s failure modes.
Using one or more of these work identification methodologies, we then define, for those failure modes
that will be managed through the maintenance function, the complete Asset Reliability Program, or the list
of tasks that will be used to mitigate the consequences of those failures. About 80% of the Asset
Reliability Program tasks will on average be health based, requiring that we define normal and non-
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normal values, and corresponding alarms. With this process we maximize the extent to which our
maintenance function is proactive, and we therefore improve the bottom line through improved reliability.

Kaizen

Kaizen, like Lean, focuses on eliminating waste and continuous improvement. Kaizen is about
empowering employees to get involved with their own work organization. With a Kaizen mindset, the
employee that does a job is the expert of that job. Maintenance supervisors are typically encouraged to
lead structured improvement efforts in their own work areas. Kaizen helps the supervisor to stimulate his
employees’ creativity. While this philosophy has merit on its own, the missing element that would enable
a sustainable change is a proactive asset reliability process supported by appropriate tools and practices.
Nevertheless, the philosophy is a good one and guides the people responsible for creating and
implementing Lean Reliability.

5S

5S in the traditional manufacturing world, is a methodology for organizing the workplace. It involves
sorting, setting in order, shining, standardizing and sustaining the environment. 5S can be applied to Lean
Reliability as follows:

SORT - Organize assets based on risk, allow maintenance and operations efforts to be jointly focused on
the right targets for improved asset reliability and plant performance. When “sorting” is well implemented,
communication between workers is improved.

SET IN ORDER - Organize the work - create sound asset reliability programs. Ensure you are doing
“the right work at the right time”. Use a work identification methodology that delivers a technically sound
program. Involve operators and maintainers and create and implement the asset reliability programs one
asset at a time.

SHINE — Take pride (and ownership) in the reliability of assets. Identify the health of an asset based on
indicators.

STANDARDIZE - Focus on standardizing maintenance work. In pre-planned job packages, document
everything needed to perform the maintenance work to save time and avoid the potential for a self
induced failure. Maintenance labor loss and precious production downtime is kept to a minimum.
Orderliness and control is the core of “standardization”.

SUSTAIN — Focus on discipline and commitment; without a focus on “sustaining” reliability, you can easily

revert back. Crucial for your team to be trained on the process, and equipped with supporting practices
and tools. Employees empowered to make decisions.

Six Sigma

Six Sigma focuses on removing defects (failures) and reducing variation in a process. Six Sigma uses a
variety of statistical analysis tools to analyze reliability data.

The best application of Six Sigma in Lean Reliability is through Six Sigma’s DMAIC Process. We can
overlay the DMIAC Process on top of the Lean Reliability Process — a perfect fit.
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The DMAIC Asset Reliability Process
Step 3: Perform an Analysis on
the asset working with operators and maintenance together. Your goal in the early stages should be to
put in place proactive asset reliability programs for your critical assets (starting with highest priority).

Statistical methods like Weibull can be used to analyze the performance.

Step 4: Continuously improve the asset’s reliability program using a formal work identification
methodology. For example, you may choose to use Reliability Centered Maintenance, or Maintenance
Task Analysis to get started quickly. The method of work identification you use for an asset should be
determined by the level of knowledge and definition (documentation) of an asset’s current reliability
program and the relative risk of the asset to the business.

Step 5: Develop a Control plan for Maintenance and Operations. An asset’s proactive asset reliability
program dictates a new way of life for Tradespeople and Operators — including a new sense of ownership
and willingness to care for assets.

Six Sigma’s DMAIC process can add quick value to a Lean Reliability initiative.

Key Elements to Implement
and Sustain Lean

When implementing any Lean initiative, there are key elements to successfully implementing and
sustaining the improvement. The elements are the areas which will bring true success to your initiative.

Education: Education is so important in order for personnel from senior management to floor level
personnel to truly understand all aspects of Lean Reliability impacts the operation. Everyone in a plant
should understand the definition of reliability and what it means to the success of the company. Operators
and maintenance personnel need to understand the reality of how equipment fails and learn to manage
asset health.

Getting Support from Senior Management: The easiest and fastest way to get support from Senior
Management is to develop the business case. The business case must be developed with Plant
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Leadership Team identifying the opportunity based on the business goals of the company. It should
include an assessment to determine gaps between current and future state and identify specific
opportunities for improvement, both financial and non-quantifiable impacts. An action plan should also be
included with cost and a return on investment before you will obtain senior management support. Without
executive support, the entire project is a waste of time — it either won'’t get off the ground, will not succeed
or will not be sustainable. When assessing the organization and setting the plan, ensure employees are
involved so later they feel the ownership and are empowered to make decisions.

Effective Change Management: Implementing Lean Reliability is all about people. Changing the way
people think - the culture of a company - is very difficult. Don’t expect to change the culture within the
plant overnight. Change happens gradually. With the right practices and tools to support a Lean project,
you can implement one asset at a time and realize a significant ROI faster than you would expect.
Remember the 5S and the DMAIC process, and focus on one asset at a time. This will provide the
change you need and it will be sustainable change.

Technology Support: Technology can make a data intensive process easier to manage. Ensure the
systems you choose can be integrated and work effectively together.

Value stream mapping: This mapping process is critical to the success of Lean. It is used to determine
current work processes against future state eliminating non-value added elements of the process. In
manufacturing, this refers to work flow processes for product output. In reliability, this refers to the work
flow processes for reliability output such as asset criticality assessment, work identification, planning,
scheduling, etc.

Roles and Responsibilities defined: Map the tasks required to manage and execute the asset reliability
process to the roles required in the organization and to the responsibilities of those people associated
with equipment reliability. The goal is to ensure that improved equipment performance is achieved and
sustained. The output of the workshop is clearly defined role descriptions with associated responsibilities.
Everyone must focus on executing the asset reliability process. Start by analyzing the business process
tasks, and then identify the duties required for each role to ensure that optimal equipment performance is
sustained.

Key Performance Indicators: KPIs in Lean begin with the manufacturing KPIs (quality, throughput,
OEE, asset utilization, safety) and all other KPIs must align to them. KPIs should be defined as leading
and lagging. The key lagging (or results) indicators for reliability are failures (MTBF is the recognized
measure of reliability), downtime attributed to maintence and cost. These KPIs will demonstrate
everything done right, or wrong in a lean process. Lagging indicators cannot be managed because they
are the results of everything done. Leading (or process) indicators provide an indication of where
problems are occurring before they affect the lagging indicators. Leading indicators are what we manage.
Reliability process metrics are identified to drive specific actions in the process.

There are many other valuable metrics that can be identified for the purpose of benchmarking but we
focus on the metrics that drive the execution of a successful reliability process and directly measure its
impact. As an example, wrench time is a useful metric to benchmark maintenance efficiency, but it
doesn't tell you what to do to improve it. However, by acting on process metrics for Planning, Scheduling
and Execution, wrench time can be improved.

Summary

In today’s competitive world Lean Reliability is key to a company’s survival. Eliminating non-value added
tasks and continuously improving must be a part of everyone’s daily life. As lean reliability progresses,
reactivity begins to vanish and a proactive Lean Asset Reliability becomes the focus. The hidden plant is
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finally found where the plant experiences more capacity and asset availability and lower cost than anyone
ever imagined.

Do not think this journey is easy or without sacrifices because it is not. However once you have traveled
this journey you will never return.
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writes for various publications including Plant Services Magazine, Reliabilityweb.com and
others.

Want To Learn More About Lean?

LEARN from the BEST. % oy miotl

www.ivara.com S next course.

Ricky Smith’s workshop on Achieving Lean Maintenance Through a Focus on Reliability focuses on the
concepts and best practices of Lean in the context of the Maintenance function. Attend this 2-day
workshop and you’ll not only gain a better understanding of how to implement Lean in your facility, but
you'll also:

Receive a copy of Ricky’s book “Lean Maintenance” in addition to regular course materials
Obtain a Lean Maintenance map
Have the chance to interact with one of the leaders of Lean thinking in North America
Get the opportunity to meeting other professionals with similar challenges
Click the following link to learn more about this workshop and to register:
o http://www.ivara.com/main.php?tID=3&sID=1&IID=0

Learn More About Equipment Reliability With Ivara

o Visit www.ivara.com to learn more about reliability and how Ivara can help you and your organization.
e Attend Ivara’s Reliability Leadership Summit, October 2-5, 2006 in Niagara-on-the-Lake, Ontario.
o Visit http://summit.ivara.com
e Sign up for one of Ivara’s reliability workshops.
o Visit http://www.ivara.com/main.php?tID=3
e Just call 1-877-746-3787 or 905-632-8000 ext. 312 for more information on lvara and reliability.
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