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By failing to prepare, you are preparing to fail.

o N A :
Benjamin Franklin Reliamaint Services

Asset Reliability
Maintenance
Management workshop

By Neeraj Kumar

Workshop Objective

To understand the equipment maintenance in holistic perspective

To understand various elements of Asset Management

To understand the relation between Maintenance, Reliability and Asset Management

See the big picture (line of sight between maintenance goals and business objectives)

To understand the asset lifecycle cost, maintenance cost, direct and indirect cost

Apply principles of RCFA , FMEA and RCM

To understand principles of maintenance planning and scheduling

Apply spare parts management and inventory optimization techniques
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How to develop and deploy asset maintenance strategy ]
Asset performance and reliability performance indicators ]
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Objective of Equipment Maintenance

Equipment Reliability

-

Risk reduction

Defect Elimination

Ve

Least operating cost

Maximum Production

Failure Avoidance

-
3
Break down maintenance: It is carried out when equipment stopped, or fault reported by production staff.
Preventive Maintenance: Predetermine maintenance activities are carried out on equipment based on Calendar based, Uses, Hours, mileage basis
Predictive Mai : The i dition or some fi ion/performance parameter is monitored with predetermine frequency. Based on the value of parameter maintenance

task are determined and carried out. Example : Temperature, Vibrations, Flow Monitoring

Condition Based Mail : The mail tasks are determined and carried out based on observations of scheduled or ad-hoc i i . They are also called corrective
action

Risk Based i : i heduled based on i dition or perceived risk arise

Opportunity Mail The pl; d task are scheduled based on ilability of i for i ( product ct s, non ilability of raw material )
Precision maintenance: Maintenance carried out on equipment in conformance with all hnical standards i to the i work e.g. Balancing Standard, Alj;

Standards, leveling ,oil cleanliness Standards, Fits and Tolerance applicable, Tightening Torques Values Geometric tolerances, Storage and preservation standards are some example of
Precision standards.

Proactive maintenance All Activities carried out to modified or redesign the equipment function are termed as proactive maintenance. Such need arises out of Reliability Centered
Maintenance , Root Cause Analysis
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Machine Maintenance Practice Evolution

A Proactive maintenance All

Activities carried out to
modified or redesign the
equipment function are
termed as proactive

i Such need
arises out of Reliability
Centered Maintenance , Root
Cause Analysis

Predictive Maintenance.
The i ition or

some function/performance
parameter is monitored with
predetermine frequency.
Based on the value of
parameter maintenance task
are determined and carried
out. Example : Temperature,

Condition Based

Maintenance : The
maintenance tasks are
determined and carried out
based on observations of

Preventive Maintenance.
Predetermine heduled or ad hoc

activities are carried out on
equipment based on
Calendar like Monthly,
Yearly or Uses like Hours,
mileage

inspections . They are also
called corrective action

Break down maintenance
carried out when

equipment stopped, or fault

reported by production staff.

Maintenance Alignment with Organizational Objectives

- N (o

Asset Management objective Strategic Asset Management
Plans

Gganization Objective\

> Profit Maximization > Availability and Reliability

Target values for Assets and

» Market Share Growth
» Customer Satisfaction

» Innovation and
Growth

> Social Responsibility
\ and Sustainability J

Asset Portfolios
optimizations

Targets

Demands

» Equipment Life cycle cost
»Quality and Productivity

» Catering Future Production

J

o

» Plant Maintenance Strategy
Selection

» Maintenance Budgeting and
people skilling

» Maintenance Plans Executions
( Planning and Scheduling)

» Asset Performance
Monitoring and Audits

» Continual Improvement

/
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Maintenance Alignment with Organizational

Objectives

/ \ / bi \ Asset Management Tasks
Organization Objective Asset Management objective >  Break down Maintenance
% Profit Maximization »  Equipment Reliability > Corrective Maintenance
> Risk reducti »  Preventive Maintenance
isk reduction
> Market Share Growth »  Predictive maintenance
% Customer Satisfaction »  Defect Elimination »  Proactive Maintenance
> Least " X > Spare parts Management
. east operating cos
> Innovation and »  Maintenance Budgeting
Growth ) . ]
» Maximum Production »  Manpower Budgeting and
» Social Responsibility . . Skilling
k and Sustainability Q Failure Avoidance J > Asset Management
Knowledge creation and
Management

N /
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K Approach A

v'Equipment Reliability
v'Risk reduction
v'Defect Elimination
v'Failure Avoidance

v'"Maximum Production

~

M.east operating cost J

Objective Hierarchies

K Approach B

v'Maximum Production

~

v'Least operating cost
v'Failure Avoidance
v'Risk reduction

v'Defect Elimination

v Equipment Reliability

for time horizons.

situations.
v Improved production

v Systematic, They have overlapping work plans

v" Drawing guidance from Lag and leading Key
performance indicator. They are more in control of

v" Most of Maintenance is in form of Breakdown
maintenance.

v Required to keep high inventory value for finish
goods as well MROs

v’ Organizations are prone to incidents and accidents

8
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Big Picture

E Asset Management Frameworks }

-~

Elements in Maintenance frameworks

v’ Organization Objectives

v' Asset Management objective

v Asset Management Strategy and Plans

v’ Asset life cycles

v" Support System, Skills, Resources, Information system
v' Performance Review and Continual Improvement

-
~

-

Asset Management Frameworks

v ISO Standard 55000

v" GRAFM Framework

v’ Uptime Framework

v" Total Productive Maintenance (TPM)
v' Reliability Centered Maintenance

Frameworks are broad overview, outline, or skeleton of interlinked items which supports an approach to a specific
objective, and serves as a guide.

www.reliamaint.com
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Organizational
plans and Objective |

ISO Standard 55000

Strategic Asset
Management Plan
(SAMP) Asset
Management objective

Asset Management Plans

mplementation A
Management Plans

Fill this GAP

Asset Portfolio

M Performance evaluation
and Improvement

he grey highlighted box designates the boundary of the asset management system.

1
Asset
Management
Objective

Plans for developing
asset management
system+ relevant
Support

Asset Management
system relevant
support elements

11
Asset Managemen
Strategic Asset Objective
Management Plan
(SAMP) Asset
Management objective
Plans for developing Y
asset management
system+ relevant
= Support
_— :
o Implementation Assed Plans for developing
— Management Plans asset management
" system+ relevant
I Support element
1
1
1
Il
.
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Global Forum on Maintenance and Asset
Management

Asset Management Landscape

Organisational Strategic Plan :

"y

Scape of Aszot Managemant

Lifecycle

s';rs
i

Delivery
C . Risk &
T b Rewliw

i
7

Hi
=

Global Forum on Maintenance and Asset
Management

Figure 2 — The Maintenance Management Frarmew:

Business Requirements
Continual

Oraanizational Objectives Improvement

Asmer Management Objectives

Asset Maneusment J
Maintenance Strategy . Improvemants

Managomaont
Asset Criticality
[ alysis

" Maintenance Plan
« -ov)

Allocation of Resources

Maintenance Management
i Braventive ‘ [—-!M-u-m l
mmintenance || Maintensncs o
. I [ Managament I [ ssincanance |

[ e l [

J
3o
L J ! e
Deliverables (Value)
Minimum Litecycle Costs
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Global Forum on Maintenance and Asset Management

Asset Management Decision Making
" Investment
©  Operations & Maintenance Decision-

F R Making
Asset Management = Liecycle Value Realization
Strategy & Planning © Resourcing Ststegy
© Asset Management Policy * Shutdowns & Outage Strategy

+ Asset Management
.
. Suuategy & Objectives

* Asset Mansyement

b Sy

/ﬁ Asset Management
Risk Management & Lifecycle Delivery
Review « Technical Standards &
- R = Snet Creation &
Management b
Contingency Planning & Acquisiiion
Resilience Anatysis
* Sustainable Development
+ Manogement of Change
Assels Performance &
Health Monitering
Assat Management
Monitoring
Review,
Asset Costing & Valuation

Asset Management
Organization & People
. Subjects from
the Assot
Management
Landscapes

Subjects from

the Maintenance
Framework
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Uptime Reliability Framework

Uptime Elements—\

P Business Processes
~,
Reliability Engineering Work Execution \
REM ) £ Maintenance EM) jionagement AM et Management
Sp Cr Sam,
el el e
Ri Ak  Alm
el e e M [F omneed
Dm Pi Ci
e ||l St
‘making indicators improvemecnt

“—— A Reliability Framework and Asset Management System™ —

Reliabilityweb.com'’s Asset Management Timeline

Operate
Business i — ) ) "
Needs Analysis Create/Acquire Maintain Dispose/Renew 50 -
Modify/Upgrade

Asset Lifecycle

Copyright 20162019, Refiability web, Inc. All rights rese ved. No part of this graphic
Reliabilityueh corn®, i sse Mar
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Uptime Reliability Framework
Uptime Elements

LUBRICANT SELECTION

SAMPLING & INSPECTIONS

2 Agply thelubricantin the right smount
atthe right time

2. Haep the hubricant cesn and dry

4. Koep thelubricant cool

5. et sampie and arayze to
vt rachine aret brcart besdh

COLOR KEY

[ [r—

BCAIG GREASES

‘somH cas s oRzasEs

—— Machinery Lubrication Framework —
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Uptime Reliability Framework
- ®
. Uptime Elements \
Vib
Vibration Fault Periodic Table
HARMONIC Alogical visual mapp g system to understand
ey vibration analysts & “systems thinking.”
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: ' ey
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I |
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Total Productive Maintenance

Pillars of TPM:

PILLARS OF TPM

maintenance)
Kobetsu Kaizen
Planned Maintenance

Jishu Hozen (Autonomous
Quality mamtenance
Training
Office TPM
Safety, Health and Environment

l 5 S - The foundation program for TPM. I

[ Work Place ( Gemba ) |

19

Total Productive Maintenance

p

TPM, or Total Productive Maintenance, is a comprehensive approach to equipment maintenance that aims to
maximize the productivity and efficiency of manufacturing and production processes. TPM is built on several
key pillars, each of which plays a crucial role in achieving its goals. These pillars are:

J

/Autonomous Maintenance (Jishu Hozen): In this pillar, operators take responsibility for basic maintenance )
tasks on their equipment. This includes cleaning, inspection, lubrication, and small repairs. The goal is to

\prevent equipment deterioration and breakdowns, improving overall equipment effectiveness (OEE).

e A\
Planned Maintenance (Kikotei Hozen): This pillar focuses on proactive and planned maintenance activities.
Maintenance tasks are scheduled in advance, and equipment is periodically inspected and maintained to

\prevent unplanned downtime and costly breakdowns. )

<

P
Focused Improvement (Kaizen): Focused Improvement involves continuous improvement efforts to enhance
equipment performance and overall process efficiency. This can involve identifying and eliminating sources of

waste, reducing cycle times, and optimizing the production process.

J
p
Quality Maintenance (Hinshitsu Hozen): This pillar emphasizes the importance of preventing defects and
maintaining consistent product quality. It involves addressing quality issues at their source and ensuring that
equipment and processes contribute to producing high-quality products.
N J

20
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Total Productive Maintenance

Education and Training (Kyojo Kaizen): TPM recognizes the importance of well-trained and skilled employees. This pillar
focuses on providing training and development opportunities to equip employees with the knowledge and skills necessary
to support TPM activities.

J

>
Early Equipment Management (EEM): EEM concentrates on designing, selecting, and installing equipment with a focus on
maintainability and reliability. It ensures that equipment is capable of meeting production needs with minimal
maintenance requirements.

N

Safety, Health, and Environment (SH&E): This pillar emphasizes the importance of maintaining a safe and environmentally
friendly workplace. Safety and health standards are integrated into the maintenance and production processes, ensuring

the well-being of employees and the environment.
N

J
4 A

Administration (Kobetsu Kaizen): TPM's administrative pillar involves establishing the systems and procedures necessary to
support and sustain TPM activities. This includes record-keeping, documentation, and performance measurement.

TPM in Office (TBM - Total Business Management): TPM principles can also be extended beyond the shop floor to office
and administrative processes. This pillar aims to improve the efficiency and effectiveness of administrative functions in an
organization.

AN

By implementing these pillars, TPM strives to create a culture of continuous improvement, reduce equipment downtime,
enhance product quality, and boost overall operational efficiency. It's a holistic approach that involves all employees in the
organization and fosters a sense of ownership and responsibility for equipment and process performance.

21

Overall Equipment Effectiveness Model

Target

[
Availability L ‘ Zero

_| Serupond Minimum
Zero
Overall Slow Speed
Equipment Performance L ——
Effectiveness || Ratia [ inor stoppage Minimum
Quality el Zero

Rate .
Startups Minimum

OEE=AXx PEx Q

22
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RCM Evolution

Handbook on maintenance evaluation and program development, drafted by a Maintenance Steering Group
formed to oversee development of the initial program for the new Boeing 747 airplane. This document, known as
MSG-1,

Use of the decision-diagram technique led to further improvements, which were incorporated two years later in
a second document, MSG-2, Airline Manufacturer Maintenance Program Planning Document. MSG -2 was used
to develop the scheduled maintenance programs for the Lockheed 1011 and the Douglas DC10 airplanes.

In the 1970s, F. Stanley Nowlan and Howard F. Heap, two engineers at United Airlines, played a significant role in
advancing RCM. Their research focused on optimizing the maintenance strategy for commercial aircraft, and their
work led to the development of the RCM methodology

The Nowlan and Heap report provided the basis for MSG3, which was promulgated in 1 980 and revised in 1 988
and 1 993. MSG3 remains to this day the process used to develop and refine maintenance program s for all major
types of civil aircraft.

It's important to note that MSG-3 is a specific methodology used in the aviation sector RCM (Reliability-Centered
Maintenance) is a broader concept applied across various industries, although they share similarities in their
approach to maintenance optimization

23

RCM Evolution

Introduction of John Moubray's RCM2 (1990s): John Moubray, a British engineer and
author, introduced a widely recognized RCM methodology known as RCM2 in his book
"Reliability-Centered Maintenance." RCM2 is a comprehensive approach that provides a
structured framework for applying RCM principles in a variety of industries.

SAE JA1011 and SAE JA1012 (1990s): The Society of Automotive Engineers (SAE) published
SAE JA1011, "Evaluation Criteria for RCM Processes," and SAE JA1012, "A Guide to the RCM
Standard," in the 1990s. These standards provided guidelines and best practices for
implementing RCM and assessing the effectiveness of RCM processes.

24
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Factor Leads to RCM Evolution

The traditional approach to scheduled maintenance programs was based on the concept that every item on a piece of complex equipment has a 'right age '
at which complete overhaul is necessary to ensure safety and operating reliability.

Many types of failures could not be prevented or effectively reduced by such maintenance activities, no matter how intensively they were performed.

In response to this problem, airplane designers began to develop design features that mitigated failure consequences - that is, they learned how to design
airplanes that were failure tolerant '. Practices such as the replication of system functions, the use of multiple engines and the design of damage tolerant
structures greatly weakened the relationship between safety and reliability, although this relationship has not been eliminated altogether

There was still a question concerning the relationship of preventive maintenance to reliability

Experience showing that it was not possible to control the failure rate of certain types of engines by any feasible changes in either the content or frequency
of scheduled overhauls

Direct challenge to the traditional concept that length of time between successive overhauls of an items was an important factor in controlling its failure
rate.

Scheduled overhaul has a little effect on the overall reliability of a complex Item unless the Item has a dominant failure mode

There are many items for which there is no effective form of scheduled maintenance
25

RCM Benetfits

The objective of the techniques outlined in MSG-I and MSG-2 was to develop a scheduled-maintenance program that assured the
maximum safety and reliability of which the equipment was capable and also provided them at the lowest cost.

As an example of the economic benefits achieved with this approach, under traditional maintenance policies the initial programme for
the Douglas DC-8 airplane required scheduled overhaul for 339 items, in contrast to seven such items in the DC-J 0 program

One of the items no longer subject to overhaul limits in the later programs was the turbine propulsion engine. Elimination of
scheduled overhauls for engines led to major reductions in labor and materials costs, and also reduced the spare-engine inventory
required to cover shop maintenance by more than 50%. Since engines for larger airplanes then cost more than USSI million each, this
was a respectable saving.

As another example, under the MSG-1 program for the Boeing 747,United Airlines expended only 66 000 manhours on major
structural inspections before reaching a basic interval of 20 000 hours for the first heavy inspections of this airplane. Under traditional
maintenance it took an expenditure of more than 4 million manhours to arrive at the same structural inspection interval for the
smaller and less complex

Such cost reductions are achieved with no decrease in reliability. On the contrary a better understanding of the failure process in
complex equipment has actually improved reliability by making it possible to direct preventive tasks at specific evidence of potential
failures

26
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Reliability Centered Maintenance

Reliability-Centered Maintenance (RCM)—Any RCM process shall ensure that all of the following seven questions are answered
satisfactorily and are answered in the sequence shown as follows:

What are the functions and associated desired standards of performance of the asset in its present operating context (functions)?

In what ways can it fail to fulfil its functions (functional failures)

What causes each functional failure (failure modes)?

What happens when each failure occurs (failure effects)?

In what way does each failure matter (failure consequences)?

What should be done to predict or prevent each failure (proactive tasks and task intervals)?

What should be done if a suitable proactive task cannot be found (default actions)?

27

Top Management Responsibility for Asset Management

Engagement in setting the objectives and measures of success for the people responsible for the asset management
system:

by setting priorities for these objectives;
* by allocating appropriate resources for the achievement of these objectives;

Establishing a strong collaborative work culture that is focused on delivering the asset management objectives;

Determine asset management objectives and their alignment with the organizational objectives

Top management and leaders at all levels are responsible for ensuring that appropriate resources are in place to
support the asset management system

Define Role , Responsibilities and Accountability in Asset Management organizational

Shall ensure its alignment to other management systems within the organization through appropriate
organizational design

28
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Asset Management Policy

The asset management policy is a short statement that sets out the principles by which the organization

intends to apply asset management to achieve its organizational objectives

The policy should set out the organization’s commitments and expectations for decisions, activities and behavior concerning asset management

Examples of asset management policy principles may include commitments for:

Guiding principles for asset management activities, e.g. service delivery objectives are to guide asset management practices and decisions;

The provision of resources to deliver on asset management objectives and the structure or working of the organization to achieve the organizational objectives, e.g. asset
planning and management is to be integrated with corporate and business planning, budgetary and reporting processes;

The decision-making criteria to be used, e.g. asset management decisions are to be based on evaluations of alternatives that take into account life cycle costs, benefits and
risks of the asset;

Reporting on asset and asset management performance;

Long-term objectives, sustainable outcomes and stakeholder requirements;

Continual improvement of the asset management system

— A

[Adherence to applicable laws, legislation and regulations;

29

Operational Risk Reduction

30
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Classical Risk Analysis Method

Equipment

Identification of Failure Causes

Work
Order
History

Frequency Analysis

Risk Determination

Evaluate Business Case,
Recommendations

Targets, Criteria

31

Understanding and Measuring Risk

Risk is the product of probability or likelihood that an event will happen and the
cost if it does. It is a power law. Operating risk is the size of the financial loss that
will be incurred from a failure during operation.

Risk (s/vr) =
Frequency of Occurrence (events/Yr)
x Consequence of Occurrence ($/event)

Risk does not arise entirely randomly; rather it is affected by
‘decision-makers’ present in a system, usually we humans. It means
the risk of catastrophic events occurs more often than by pure
chance. In power-law-mirrored events a few factors have huge
impacts, while all the numerous rest have little effect. For risk this
means there are a few key factors that influence the likelihood of
catastrophe. Control these few factors and you increase the
chance of success. They are known as the critical success factors.
You can identify them by asking, “What affects the ability to meet
the objective?”

32
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Risk can be Measured

\\ \ \ \ \ \/» The ‘A’ curve is the same risk throughout [

\ \ ‘\\K\ Rigk sy ¥ Congequences
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" | E—

Consequence $
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Grading Risk based on Chance & Consequence
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Example of Using a Risk Boundary

B E = G n JIKILIMIN[OTP[AGIR[SITIUIVIW[X][ vV [ 2z | A [ & [ & [ ™[ & & & [m
- Return Roller Not Maintained
st s|s|8|/8|8|8|g
Likelihood of Failure Event per Year G g =lglglg|8|S5|5|glg|E
=5 gle|s|s|c|E8|ElS|S|¢g
ol s |s = |g|c|E|8|8|8|S|2|8
%55 |B |8 S|E 8|28 alElgl2
22|22 glal8|la(a|s 8|5 8|5
Event Count Descriptor
e Time Scale 2 Historic Description o1 fe2 s o c7 |ca |co [c10 |c11 [c1z [crz [ora [ots cte
100 [Twice perweek B L13 2
immediate 3 - Rubber shavings catch fire and belt burns - $2,000,000
30 [once perfotnight Certin-soon L12
10 |once permonn Ceran 11 2-Roller edge wears to knife edge and rips belt full length - $200,000
3 |once per auatter L10
PR Fev— P 1 T T L 1-Roller operationfound faulty and repsired - $12,000
annual basis .
03 |once everyayears Uisy: [P snoamedonialiles g
CRATTE ined and operated properly- $1,000/yr
01 [once per 10years Possitle |ciem migtoccurorceina 7
Ietime career
003 [once per30years Unikgy [YerEes oo somewners,
ftom time to time
001 [once per 100 years Rare  |eadolsomabingTiat 1, o
occurting elsewhere
0003 |Once every 300 years L4
0001 [Once cvery1000years | VeryRare |Never heard ofthis happening  [L3
00003 [Once every3,000 years L2
Aost | Teorelcaly possibe but ot
00001 Jonce eveny0000years | AT [TRecrERcaly os: L1

Note: Rick Level 1) Risk Boundary is set at LOW Level
2) Based on HB436:2004-Risk Management
‘Amber = High 3) Identity Black Swan' events as B-€ (A Black Swan' event s ore that people say Wil not happen’ because it has not ret happened)
Yellow = Medium 4)DAFT Cost (Defect and Failure True Cost) s the total business-wide costs and lossses Tom the event
Green=Low

Blue = Accepted

1Relia

. I
Risk = Consequence $ x [Frequency of Opportunity /yr x Chance of Opportunity becoming a Failure |

35
Risk - Reduce Chance or Reduce Consequence?
Risk = Chance x Consequence
’ Chance Reduction Strategies ‘ ’ Consequence Reduction Strategies
® Engineering and Maintenance Standards ® Preventative Maintenance
o Failure Design-out Corrective Maintenance ® Predictive Maintenance
o Failure Mode Effects Criticality Analysis (FMECA) © Total Productive Maintenance (TPM)
o Statistical Process Control o Non-Destructive Testing
© Hazard and Operability Study (HAZOP) ® Vibration Analysis
© Root Cause Failure Analysis (RCFA) © Oil Analysis
® Precision Maintenance o Thermography
© Hazard Identification (HAZID) e Motor Current Analysis
 Training and Up-skilling ® Prognostic Analysis
* Quality Management Systems e Emergency Management
® Planning and Scheduling e Computerised Maintenance Management System (CMMS)
e Continuous Improvement ® Key Performance Indicators (KPI)
® Supply Chain Management © Risk Based Inspection (RBI)
® Accuracy Controlled Enterprise SOPs (ACE 3T) ® Operator Watch-keeping
® Design, Operation, Cost Total Optimisation Review (DOCTOR) © Value Contribution Mapping (Process step activity-based costing)
o Defect and Failure True Cost (DAFTC) e Logistics, stores and warehouses
® Oversize/De-rate Equipment e Maintenance Engineering
 Reliability Engineering
Done to reduce the chance of failure Done to reduce the cost of failure
36
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Risk and Maintenance Strategy Selection

Productivity Extension (increased Availability)

Breakdown Let it fail, then repair

Replace it before failure

Preventive

Consequence Reduction

Precision

Risk Reduction (Failure Prevention)

Spot when failure starts, then manage the failure

Control the cause of the failure

Prevent the stress

Design-out

Remove the stress

Frequency Reduction

37

Match Maintenance Strategies to Risk

One way to chose
the maintenance
type is to match
against the risk
matrix. The high
risks must be
prevented by
using the right
maintenance type
for the situation.

Design-out
Maintenance

—————— = _

—_ Consequence

1-RELIABILITY
A

r
Operating Risk = Consequence of Failure x [Frequency of Opportunity x Chance of Failure]

38
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Equipment Criticality Criticality Analysis

Risk = Failure Frequency/yr x TOTAL Cost Consequence (S)

Equipment Criticality is used to identify operating equipment in priority order of
importance to the continued operation of a facility.

Those equipment items that stop the operation, or cause major costs if they fail,
are identified as critical.

The selection of appropriate means to prevent a failure can only be made when
all the implications and knock-on effects are fully understood and appreciated.

failure rates

Classify
\ Probability/Frequ
ency of
occurrence

39
. s e . . eldentify critical equipment based on their impact on operations, safety, and overall business continuity.
Risk Assessment and Prioritization: | ePerform risk assessments to determine potential failure modes, consequences, and probabilities.
| advanced condition manitoring technaol uch as vibration analysis, thermal imaging _and qil
e - o . analysis to detect early signs of equipment deterioration.
Condition Monitoring and Predictive Maintenance: av i riv sie aup ) i . .
s Utilize predictive maintenance algorithms to forecast potential equipment failures and schedule maintenance
proactively.
*Maintain an inventory of critical spare parts, considering lead times, suppliers, and cost-effectiveness.
Spare Parts Management: Y N pare 6 fead tn PP N, N .

eImplement a system for rapid spare part procurement to minimize downtime during critical equipment failures.

Reliability-Centered Maintenance (RCM):

“APPly RCVI Methodologies to deternine the most surtable maintenance strategies for critical equipment,
balancing cost, risk, and performance.
*Regularly review and update mair plans based on changing operational condition

*Develop contingency plans outlining immediate actions to be taken in case of critical equipment failures. ]

Emergency Response Plannmg' *Train personnel on emergency procedures and ensure clear communication channels during crises

eIntegrate redundancy and tailover systems where feasible To ensure seamless operation even IT a critical piece o
Redundancy and Failover Systems: equipment fails.
*Regularly test and maintain redundant systems to ensure their readij

B *Monitor and manage the entire lifecycle of critical equipment, from procurement to decommissioning.
Lifecycle Management: ) - :
*Plan for timely upgrades or replacements to mitigate obsolescence risks.
Data Analvtics and Performance Metrics: eImplement data-driven approaches to monitor equipment performance and health in real-time.
4 i eEstablish key performance indicators (KPIs) to track the reliability and availability of critical equipment.

Cross-Functional Collaboration:

<Foster collaboration bETWeen maIntenance, Operations, ENgNEerng, and Management teams to ensure a RoMstic
approach to critical equipment management.
sRegularly share insights and updates on critical equipment performance across department:

NN Y Y Y Y Y Y Yy

sIVIantam Up-to-date documentation 1or critical equipment, mcluding operating procedures, maintenance nistory,
Documentation and Knowledge Management: and technical specifications. ]
«Establish a knowledge sharing system to capture and transfer expertise related to critical equipment.
sConauctregular reviews and analyses of critical 1L mar ProcessesTo iaentity areas 1or.
Continuous Improvement: improvement. ] 40
sImplement lessons learned from past failures to enhance overall asset management strategie
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Introduction to Reliability Engineering

41

Reliability Engineering Terms

Function: A verb-noun combination describing the purpose of a design

[Requirement: A function performing with a certain characteristic ]

Failure: Termination of the ability of an item to perform a required function

V-

Reliability is the probability that an item of plant will perform its duty without failure over a designated time

Reliability is the chance of completing the mission

Failure Mode (Dominant) : Manner in which an item fails (theoretical focus, historic failure or experienced event). The effect that you see when
an item fails. Failure modes can be electrical (open or short circuit, stuck at high), physical (loss of speed, excessive noise), or functional (loss of
power gain, communication loss, high error level).

Failure Mechanism: The processes by which failure modes are induced. It includes physical, mechanical, electrical, chemical, or other processes
and their combinations. Knowledge of failure mechanism provides insight into the conditions that precipitate failures.

Reliability Modeling: The process of representing a system's failure behavior using mathematical or statistical models (e.g., Weibull, Exponential)
to analyze and estimate its reliability over time.

Reliability Prediction: The estimation of a component's or system's reliability based on design data, historical performance, or failure rate information, often using
standardized models or failure databases

www.reliamaint.com info@reliamaint.com 71
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Reliability from MTBF (Exponential Model)

Assumes constant failure rate Rl e O T
(good for random failures)

« R(t) = e where A
=1/MTBF

* Example: If MTBF = 1000 hrs,
R(100) = (100/1000) - 5 905

* Used for electronics or
components with stable
failure rates.

Weibull Reliability Function

° R(t) = e(_(tln)ﬁ)

* -n (eta): Scale parameter (characteristic life)
* - B (beta): Shape parameter

* Behavior based on B:
e B <1 - Infant mortality
e 3 =1 - Random failures (Exponential)
* B> 1 - Wear-out failures

44
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Component vs System Reliability

* Component reliability is derived from behavior or data (MTBF,
Weibull, etc.).

* System reliability depends on how components are arranged:
— Series: all must work
— Parallel: backup paths available
— Series Parallel Combination

» System-level reliability is calculated from component models.

45

Reliability of Series Systems

In a series arrangement it takes one component to fail and the whole ‘system’ is stopped. A series system
always has less reliability than its least reliable component.

* Series Systems ST R N e e

Rsystem= Rl X RZ X R3
Number of Components System Reliability
=0.95x0.95 : i
......... 2 _------—---]------€0.9025, . AR
09025 * T = ) Notice the rt.allab|llty
s 0.7351 falls as more items are
8 0.6634 . .
70 0.5957 r \ added in series.

A pump set is a series arrangement of parts. The pump set will fail whenever any of its parts fail.
It is no more reliable than the part with the worst reliability. 46
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Machines are Arrangements of Parts

Gasket
Filter Plug

2y z— D Nut ond
Anti-Friction o — / Leckwasher
Beoring ’ ’

Drain Plug

Electric motor drive end bearing

47
The Parts in our Machines Form a Series
> 4shaft | 6Shaft > 8Lock [P 1l ™ 1 2Roller | > 3outer [ 5
Journal Seal Nut r::: " Ll bea:ln; Loz race ' :"Bu:::
R« Rs Rs R: Ru R. R Rs Rs
Reliability: the chance of Success
12
Gasket . .
Inner Cap o Filter Plug 1. For the motor to be highly reliable every
13" ; " bearing must be even more reliable.
Anti-Friction 4 74 / Lm"gE\l/vg';her
Bearing ; 3 ) 2. For the bearing to be highly reliable each of
. 5 ’65@' its parts must be even more reliable.
| ‘ 3. For every part to be reliable its design and
operating health must be risk-free.
&)
Drain Plug
NOTE: R, =Component reliability
Electric motor drive end bearing 5
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Calculating Equipment Reliability

Reliability is the chance that an item will last long enough to do its duty

Housin
g Bore

>

Shaft Shaft Lock Inner i Bearing Outer
Journal seal Nut Ring u Roller Ring
RZ RS

Lube
R] Rz RO Rs RS R7

RB

Reeries= Ry X Ry X Ry X...R,,

Ryeries = 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 = (0.99)8 = 0.92 (or 92%)
Reeries = 0.99 X 0.99 x 0.99 x 0.99 x 0.5 x 0.99 x 0.5 x 0.99 x 0.99 = 0.23 (or 23%)
“Any poor,
R, =0.99 X 0.99 X 0.99 x 0.99 X 0 x 0.99 x 0 X 0.99 x 0.9 = 0 alf poor
“Any fails,
all fails”
49
Reliability Properties for Series Systems
The mathematics can be difficult. You won’t need to do the math, but you need to know that such
mathematics exists and be able to use the principles to optimise maintenance.
* Series Systems
S e
Rsystem= R1 X RZ X R3 Rn
C’:umr:::re::s Series System Reliability
1 0.95 0.97 0.99 0.9999
2 — 0.9025 0.9409 0.9801 0.9998
R=0.95x0.95=0.9025 <+« | 4 0.8145 0.8853 0.9606 | 0.9996

6 0.7351 0.8330 0.9415 0.9994

8 0.6634 0.7837 0.9227 0.9992

10 0.5987 0.7374 0.9044 0.9990

50
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Reliability Properties for Series Systems

system™

BN N KN

Properties of Series Systems
1. The reliability of a series system can be no
higher than the least reliable component.

R R1X sz...Rn

2. If ’k’ more items are added into a series system
of items (say 1 added to a system of 2, each
with R = 0.9) the probability of failure of all
items must fall an equal proportion (33%), to
maintain the original system reliability.

(0.9x0.9=0.93x0.93x0.93=0.81)

3. Asmallrise in reliability of all items (say R of
the three items rises 0.93 to 0.95, 2.2%
improvement) causes a larger rise in system
reliability (from 0.81 to 0.86, 5%).

e Implications for Equipment
made of Series Systems

1 System-wide improvements lift performance higher
than local improvements. This is why Planning, SOP’s,
training and up-skilling pay-off.

2 Improve the least reliable parts of the least reliable
equipment first.

3 Carry spares for series systems and keep the reliability of
the spares high.

4 Standardise components so fewer spares are needed.

5 Removing failure modes lifts system reliability. This is
why Root Cause Failure Analysis (RCFA) and Failure Mode
and Effects Analysis (FMEA) pay off.

*6 Provide pseudo-parallel equipment by providing tie-in
locations for emergency equipment.

7 Simplify, simplify, simplify — fewer components means
higher reliability.

51
Simplify, Simplify, Simplify
Conventional Tower
Design
52
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Reliability of Parallel Systems

In a parallel arrangement, even if one component fails, others do the work and the ‘system’ continues to
operate. A parallel system is always more reliable than its most reliable component.

e Parallel Systems (Full active arrangement)

Rystem= 1-[(1- Ry)X(1- R)X ... (1-R )]
=1-[(1-0.6) x (1-0.6)] Number of Components | System Reliability
=1-[(0.4) x (0.4)] : T
=1-1(0.16)] B T

Notice the reliability
rises as more items are
added in parallel.

Standby

(replicated awaiting failure)

Redundancy Type

/\

Active Parallel
(replicated and in service)

Identical Different
Units Units

Full  Partial  Conditional

This pump and filter arrangement is in stand-by parallel. One set can fail whenever any of its parts fail. But
the other set is standing-by to takeover operation and continue running the process.

53

Reliability Properties for Parallel Systems

R = 1_[(1— Rl)x(l- RZ)X (1_Rn)]

system™

1
s s
T

¢ Implications of Parallel
Systems for Equipment

1 Use parallel arrangements when the risk of
failure has high DAFT Cost consequences.

2 Consider providing various paths for product to
take in production plants with in-series

Properties of Parallel Systems
1. The more number of components in parallel the

higher the system reliability.

2. The reliability of the parallel arrangement is
higher than the reliability of the most reliable

equipment.
3 Build redundancy into your systems so there is
more than one way to do a thing.

component.

(m—

o=
Which arrangement is more reliable if m = 0.9?

What percentage improvement is the more reliable?

54
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Reliability Properties for Parallel Systems

* Parallel Systems

The mathematics can be difficult. You won’t need to do the math, but you need to know that such
mathematics exists and be able to use the principles to optimise maintenance.

Rsystem= 1_[(1_ Rl) X (1_ RZ) X ( 1_R3) ( l_Rn) ]
—>
C':umn;::re::s Parallel System Reliability
1 0.6 0.8 0.9 0.99
2 — 0.84 0.96 0.99 0.9999
R=1-[(10.6)x(10.6)] = 0.84 4 0.9744 | 0.9984 | 0.9999 | 1.0000
6 0.9959 | 0.9999 | 1.0000 | 1.0000

T

New
machine

Failure
rate

Traditional Bathtub Curve for Equipment

y ‘The bathtub’

Traditional maintenance scheduling wrongly assumed "The older
equipment gets the more likely it is to fail.”

L e

Infant
morlality

;Wear outy

. ———eq lailures

Running-in
period

Time intervals

Normal running time

OTF -Operate to Failure
FTM - Fixed Time Maintenance

PM — Preventive Maintenance

CBM ~ Condition Based Maintenance
DOM - Design-Out Maintenance

OM — Operator Maintenance

Lead lime

D.O.M.
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Individual Parts Reliability Curves

The Six Failure Curves and the Percentage of Component (i.e. parts) Types they Apply Too.

Total 10%  25% Total 90%  75%
WEAR IN ZONE WEARQUT,ZONE

Age-Based Failures Random Failures

AM Airline 34%Naval 23% D Airline 711%Naval 69%

Airline 12%Naval 1017% 4 [ Airline 14-15%Naval 42-56%

C Airline 45%Naval 317% FN Airline 66-68%Naval 6-29%

AGE OF EQUIPMENT

LIKELIHOOD OF
FAILURE
o

* The 1978 study by Nolan and Heap identified 68% of aircraft parts were pattern F, with
high Infant Mortality and then random failures over time. We learnt that every time we
do a repair we introduce a new chance of Infant Mortality

¢ Research by the USA merchant and military navy confirmed the presence of the
failure patterns found in the aviation industry.

57
What the Reliability Curves A, B, C Mean
Wear Out
Wear Out (2%)
i *Age related failures
k5 «Constant or gradually increasing failure rate
e3 followed by pronounced wear out
28 “Least common failure mechanism.
L “Examples include reciprocating engines, pumps,
liners.
e 1 g *Routine maintenance based on time is effective.
Bathtub
_ The Bathtub (4%)
2z +High failure rate at beginning and end of life.
532 “Infant mortality followed by a constant failure rate
3% and then pronounced wear out.
z= +Combination of maintenance tasks usually
required.
+Examples include simple electro mechanical
Time  Age systems, solenoids.
Slow Aginy .
oing Slow aging (5%)
_ ~Gradually increasing failure rate.
iz +Associated with corrosion or creep.
23 “Generally process equipment in contact with the product.
£3 “Rebuilds and component replacement tactics are effective.
Fa “For example, turbines, pipes, refractory.
Time / Age
58
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What the Reliability Curves D, E, F Mean

Best New
Best new (7%)
~Only age related at the beginning of ife.
+A dominant increase in failure rate followed by a
constant failure rate.
+On condition is best maintenance approach.
«For example, hydraulics and pneumatics.
Time | Age
Constant
Constant (14%)
“These are random failures and are not
age related.
*A constant failure rate throughout the lfe
of the component.
“Routine age related maintenance is
ineffective.
Time  Ago +For example ball bearings, complex

electronic and mechanical systems.

Infant Mortality Infant Mortality (68%)
+Most likely failure rate a component would
have.
+Infant mortality, a high failure rate reducing to
a constant failure rate for remaining life.
+Once infant mortality is resolved, routine
maintenance is effective.
+Examples include electronics and integrated
Time / Age equipment.

iz
EH
£3
Fe

59
Equipment reliability is malleable by choice of policy and quality of practice.
ERROR INDUCED ZONE STRESS INDUCED ZONE AGE INDUCED ZONE
 Better quality control * Condition Monitoring * More parts on PM
 Higher skills training * Better operator training * Better materials
 Precision assembly * Total Productive Maintenance « Considerate operation
« Precision installation * Precision Maintenance « Degradation Management
« No substandard material * Better design/application choice , imely maintenance
* No manufacturing errors slMatecialichoices
. * Machine protection devices
* Robust packaging
* Operator ITCL
* Deformation Management N
0ld Machine
[ / * Defect Elimination —
System « “Acts of God" Better Machine
Rate of l
Failing ‘ \< /]
e
ST Y T _--
Component Time or Usage Age of System
Rates of P ,
Failing % /W i .
Time or Usage Age of Parts
When we remove parts’ "
failure by changing our
policies and using better \ J
practices, equipment —
Pt (e Gl E ITCL: inspect, tighten, clean, lubricate
60
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Equipment Reliability Strategies
( —

Quality Control,

Skills Training,
Precision Assembly

l How to Drive the Chance Curve Down?

How to Push the Time of the Curve Back?

Rate of
Failing
—
How to Pull the Position of the Curve Lower? \j
Time — Age of Equipment
Strategies for the Infant Mortality Maintenance Zone
PM,
Rate of PdM,
Failing 1. Precision ,"
e Operation PRt
l How to Drive the Position of the Curve Lower?

Time — Age of Equipment

Strategies for the Random Failurﬁ Maintenance Zone

How to Lower the Curve Steepness?

Rateof |
to renewal PM

Failing | .

]

Replace Equipment,
Add more components

Time — Age of Equipment

jow to Push the Start of the Rising
Curve Back?

Strategies for the Wear-Out Failure Maintenance Zone

61

The Truth is Hidden Under the Surface

Maintenance sees ...

Production sees ...

//D;m\\

/

[ Rework gergp \L

degradation geiceton vibration
heat noise
weal cracking
R What We See
. e cavitation ., p
wear debris Py e Visle ~ / OFRMAS eton
looseness @ 7%
_
Less ProductFalure RusléDe‘lsww
Visible inthe Feld g
TieLostueTo | nappropiate
cidets | L
i Equipment Failures el
What Caused It b Opetors |+
Touch Up, Trimming H | |
balarice (lchp g | ey || el Tne
procedures Receivables
Jubricali compliance W
ubrication ReoftCos Duelo b .
e . alignment Design Deficiencies v Inventory ICﬂgﬂ\!im
s . . s writing operator Investigation
contamination beariigs;  Merances and inshnuctions CostofLost instructions Lack of Cost
tools Sales L]
We see the high maintenance costs, scrap and late deliveries, but those are only the

results of a sequence of events, they are not the real causes. Until we find and address
the true root causes, there is no way to stop the poor results!

62
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Life Cycle Asset Management

63
The Life Cycle of Plant and Equipment
Equipment Life Cycle
Project Phase of Life Cycle Productive Phase of Life Cycle End
§ £ B T B § § £ 8 23
5 2 4 o 3 £ S 5 5 s 8
15 ] a o (=} o 2 3 b 2 @
S § = 2 = S £ 8 g 3 8
§ = 2 3 s § ¢ © £
= £ e s o £ 5
g © g
i o
— _J/
~—
Profits come from this stage of the life
cycle, and are maximised when the
operating costs are minimised.
64
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Manage the Plant and Equipment Life

e
—
. . -
Equipment Life Eycie
—
-
Project Phase of Life Cyele™ Productive Phase of Life Cycle End
—— |
= 7/
£z £ 3 5 § 52 5 23
=R 3 @ == k=1 €8
8§ 3 2 58 5 3¢ gg
S 8 s g = s 5 g8 o 48
© & & k] g 2 E o £
53 £ @ <4 S E £
= £ Qe o © s o
s 3 g
a o

To be sure we consider the long-term well-being of our business, we view the
health of its plant and equipment from the end of their life cycle. We ask what do
we do to get a long, healthy, problem-free operating life?

So by selecting methods and practices that lead to
trouble-free operation, we’re also maximising life
cycle profit because there are far fewer (Defect
and Failure True)DAFT Costs to pay for.

65

Feasibility and Financial Approval

EquipmentLife Cycle

\
1

Feasibility & Financial Approval

oper

3
£
* Quality Function Deployment §
* Engineering Standards/Guidelines
* Feasibility Costing Guidelines

* Process and Instrumentation

Diagrams (P&ID) 90% complete

e Preliminary Design 50% complete

* DAFT Costing

o Life Cycle Cost Analysis
 Safety, Health & Environment Analysis
* Maintainability
* Operability
 Project/Financial Risk Analysis

The ‘Operating Costs Committed’ chart tells us that
70% of operating costs are set during this early stage
of specifying the project. It’s clear that in this very
short period of time, when the blood rushes to
peoples’ heads, a great level of control over what
they decide to do is needed.

\/ The only sure way to get prices within + 30% is to get the P&ID
90% complete before you do the DAFT Costing and pricing take-

off. If you want + 10% cost accuracy you need to complete the
P&ID’s and do 50% of the final design.

66
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Procurement and Supply

Equipment ife Cycle

Procurement and Supply

* OEM Quality System Audit

* Engineering Standards

* Workshop Testing

* Storeroom Management for Reliability

This is the stage where we get defects coming into our
business from the original equipment manufacturer
(OEM). If they are no better than 2-1/2 to 3 sigma
operators, you will get their quality problems to fix at
some stage in the life of your plant.

\/

67
Eaupmentuecce
\ \ M
[
Detailed Design and Engineering :
* Design Quality Management System £
* Engineering Standards/Guidelines
« DOCTOR/DAFT Costing
« FMEA/RCM
« Life Cycle Cost Analysis
* Reliability Engi i q
. S;I:ty'a'nz :f;:fj::ilysis We know from the nuclear industry report that 35% of
« Electrical System integrity/Safety plant and equipment problems will be generated at this
. ";’?a‘ifxa“;ab.“i‘y stage of the life cycle. The operating risks are reduced
* Risl nalysis . . . .
« Value StrZam TR when operations and maintenance are integrated with
the designers, and their long-term needs allow the
\/ design to be optimised.
This one is particularly close to my heart — | just don’t
have the time and money to do a job twice, which
should have been done right the first time.
68
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Construction and

Construction & Commissioning

* Engineering Standards

* 3T Precision Installation Procedures
« Installation Quality Audits

* Rotating Equipment Integrity

* Project Planning

* Shutdown Planning

* Pre-commission/Commissioning Plan
* Occupational Health and Safety Plan
* Contractor Management

ommissioning

Equipment ife Cycle

Project Phase of Life ycle

Productive Phase o Life Cycle

Procuremisqt
Commisioning

Preliminary Design

Operation

installed within specification.

This is a critical period. All the best laid plans will come
unglued at this stage if your equipment is installed
distorted out-of-shape. A huge number of defects will
be put onto your operation at this stage if your
precautions are inadequate. Equipment installation
must be done precisely and machines proven to be

69
quip
[ \ I

Plant & Equipment Operation é C: .z e N .
« Integrated Quality Management System ¥ I § 5 3 §3
3T Operating Procedures 4 4 > % % ¢ £ s §_=
* 3T Maintenance Procedures ) A1 H ° H
* Precision Maintenance o"‘
* Maintenance Planning & Scheduling 0
« Shutdown Planning w (*)
* Occupational Health and Safety
* Emergency/Disaster Management For the entire operating life of your plant and equipment you
* Lean Waste Reduction Principles it &l liabili d ilabili ill d d

« TPM/Operator Watch-keeping want high plant reliability and availability. You will need to adopt

« 55 Workplace Discipline excellent operating and maintenance practices. The ‘human

* Value Stream Analysis error rate’ table makes it clear that we humans make mistakes.
* Rotating Equipment Integrity But R istak h d
« Lubrication/Wear Particle Management ut we make far fewer mistakes when our processes an
« Predictive/Condition Monitoring practices become simple and routine.
* Preventive Maintenance
* Opportunity Maintenance
‘$“€”%V (;gﬂf""sztw? - If we want to control the risk in ‘human-
* [raining/Refresher Training ’ o o .
o Sy e T EEmeny dependent processes’, it sounds like wg will
« RCFA/Six Sigma DMAIC need ACE 3T procedures for all operations
* HAZOP and maintenance work.

70
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Decommissioning and Disposal

EquipmentLife Cycle

Project Phase of Life Cycle

Productive Phase of Lfe Cycle

\
\
1

Decommissioning & Disposal £ 53
* Product Stewardship
 Legal Responsibility

* Statutory Requirements

* Geographic Location Selection
* Environmental Impact Modelling

* Safety Management Systems
 Plant Excursion Protection Systems

* Operating Procedures

« Site Chemical Inventory contained and treated.

We don’t want the huge cost and pain of

« Containment Systems repairing environmental damage. So we need to
* Waste Management prevent the escape of all contaminants. Those
O ) [HEES that do get out by accident will need to be

\/ There are legal and ethical requirements to meet. To manage
this risk; prevention and containment needs to be designed

into the plant and equipment. The consequences of any
accidents will be managed through operating and emergency
procedures.

71
Effect of System Failures Across Life Cycle
L Process failures during this phase will cause plant and equipment failures in operation. ‘
Wt Life Cycle (say 20 years)
~10% of Lk\(iycleM ~ 85% of Life Cycle (~ 17 years) ~5%
_A— ’
— —~
N A i
g £ 8 Y & shE s 1£3
s B2 4 g B -85 & 158
] i [a) a o 20 12 o &
i} 3 =\ /2 = ::3’ a8 8 12 8
s s =8 Vg S £
S £ ¥ 8 8 1g. 1€
= EX - S8 J:
S : I
& ; /~4/ 12
1 1
g 1
v v
”Svstem
/ Chance
£t //
; Failing
e v
t § i /——/ Component /
Chance of
Failing
72
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Maximising Life Cycle Profits and Minimising Operating
and Maintenance Costs

Equipment Life Cycle (say 20 years)
~10% of Life Cycle (~ 2 years) ~ 85% of Life Cycle (~ 17 years) ~5%
I I I [ 1]
5 Zz ) T ) E § 2 CTOR uses risk analysis at the design stag 23
s 3 i ) a F=E— o identify operating failure costs so they s o
® 2 3 <] £ 8 § i S S
o B a a a @ 3 32 be minimised. 2 2
S 8§ = 2 3 5 g & $ [ £ 0
§ = 2 8 ¢ § £ Purchase uture |7 E
= a
= £ S z Phase | construction Costs [ S
] Design Phase 2
g a Y, Phase
Y Time

The Project Phase is the All we can do during the operating phase is run
time to control the future | and care for the equipment as it was designed to
be. If the design requires expensive parts, and/or
lots of downtime for maintenance and repairs,
then the design is the problem, not the
maintenance.

costs of the operation

When Operating Costs are Committed
{ Oncea plantis \

95%

1009 i o designed and built
| there is very little that
/ can be done to reduce
5% - operating costs

55%
because they are

substantially fixed by
the plant’s design. If
you want low
operating costs, this
chart makes it clear
that they are
designed into the
plant and equipment
during feasibility,
design and
construction.

0% |-

Life Cycle Cost Committed
Final Design
Constructon

Concept /
Preliminary Design
Operate and Maintain

Need Definition /
Planning

Life Cycle Phases

Life Cycle Cost Cormmitrments

Source: Blanchard, B.5., Design and hanagement to Life Cycle Cost
Forest Grove, OR, & Fress, 1973
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Cost Behaviour during the Life Cycle

: Opportunity for '
| i
T =g \/— LCC Savings ! —
= ] 1 : -
K N \ \ #
o ! ] .
s \ - . y
2 - R : ‘ ’
L4 N ! Cumulative i
5 N ' : Commitiment /
= 1 i
S 509 — A of LCC |
5 v | ’\
g 7 N I ] - Cumulative
@ ~ : / '
e . N I . Expenditure !
5 i '
= e i i 4 of LCC
_ T N y -
-~ -
o . Py
_______________
- = —-— .
Concept Pre-Feasibility Feasibility Execution Operation/Maintenance Disposal
Renew and Adapt
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Design and Operation Costs Total
Optimisation Review (DOCTOR)

DOCTOR identifies operating
failure costs at the design stage
so they can be minimised.

$

Purchase Phase

Construgtion Phase

Design Phase

Time

Identifying Operating Failure Costs

77
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Life Cycle Risk Management Strategy
Optimised Operating Profit Method

|

It is possible Profit Optimisation Loop )_‘_
to make
Gl A DAFT
. ssume
operatin Design ) A
ccr:st saviﬁgs Drawign [ Eauipment —>  Costs Bedemgn
during th B Failure Spreadsheet with FMEA;
dur!ng 'fe Revise
esign, I T P o&M
the i Projected | Failure Cost Strategi
q i R&M s gles,
designers ; Cost [ Acceptable? Revise
' osts i -~
reduce. e Project
operating i Business 3 Strategies
risks that - '
their ; Risk Based ,< _____________________ Frequency N T
. i Equipment : Achievable?
choices ! Criticality |
cause the [ Y i
business. | oo ! Quality Procedures |
H | | Precision Maint |
FN:;AZ/SFSM ; Applicable Applicable | Predictive Maint 1
F/ | Precision Standards 14~~~ Project o&M [ » Prever:évFeAMain( :
! Precision Install | X X [ o
| Reliability Eng | Strategies Strategies | Maint Planning |

Etc.

Etc.
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Physics of Failure

79
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Basic Failure Mechanism

Physics of failures deals with failure at atomic or molecular levels.

Physics of failure applied at the component Level at Equipment.

Some Example of failures.

Wear is the damaging, gradual removal or deformation of material at solid surfaces. Causes of wear can be mechanical (e.g., erosion) or chemical (e.g., corrosion).
The study of wear and related processes is referred to as tribology.

Breakage due to overload; What load applied more then the capacity of machine element, Machine element fails In tensile, compressive or Shear forces on in
combination of these forces.

Breakage due to fatigue failures :Fatigue is a failure mechanism that involves the cracking of materials and structural components due to cyclic (or fluctuating)
stress. While applied stresses may be tensile, compressive or torsional, crack initiation and propagation are due to the tensile component.

Distortion: Due to excessive Load or heat component twist or these is change In shape and geometry of machine component.

Creep: Elongation of component ( turbines) when working in Normal Load and high temperature.

Erosion : It is a degradation of material surface due to mechanical action, often by impinging liquid, abrasion by a slurry, particles suspended in fast flowing liquid
or gas, bubbles or droplets, cavitation

80
Basic Failure Mechanisms
e N
Corrosion : Corrosion is the irreversible damage or destruction of living tissue or material due to a chemical or
electrochemical reaction. Example: A prime example of corrosion is rusting of iron or steel.
N J
/ . . . . . . . . . . . . \
Oil Degradation: Oxidation is the reaction of materials with oxygen. It can be responsible for viscosity increase,
varnish formation, sludge and sediment formation, additive depletion, Base oil breakdown, Filter plugging,
loss in foam properties, acid number increase, rust and corrosion.
J
e A\
Electrical Motor Insulation failure :The main causes of insulation failure are dielectric contamination,
temperature cycling, excessive overloads, excessive voltage stress due to overvoltage, and aging
N J
e A\
Electronics Component failures. Failures can be caused by excess temperature, excess current or
voltage, Environment contaminations mechanical shock, stress or impact
N J
81
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Factors that cause Atomic or
Microstructure Failure

Compressive force overload
Tensil force overload

shear force overload

Cyclic stress fatigue

shock force overload

Punch hole in molecular structure.

Melt molecular structure

Crack in molecular structure (dislocation)
Material missing from molecular structure
Material ripped from molecular structure
Wrong atoms in molecular structure
Electromagnetic radiation

Chemical reaction

Crystal lattice attack

Depolymerisation

Component
Manufacturing Events

Metallurgy error
Formulation error

Process conditions error
Chemical composition error
Interference fit tight
Interference it loose
Misalignment

Foreign inclusion

Thin cross section

Component Operational Stress

Events
(Horizontal, Vertical, Axial)

Pressure
Under-loaded

Interference it tight
Interference fitloose

Insufficient load (looseness)
Physical deformation (bend, twist, squash)
Pressure hammer

shrinkage

Expansion

Misalignment

Unbalance

Punch (Impact load on small area)
Hydraulic shock

Vibration shock

Abrasion (wear material away)
Hammer impact

Gouge

Impingement (jet of luid)

Foreign inclusion
Detach-debond-delaminate
Acts-of-God/Acts-of-Nature
Fracture

Buckiing

Vield

Creep

Material fatigue

Physical abuse

Vehicle impact

C Envir | Events/ Ci Life Cycle
Conditions Situations
Electrical discharge Conception
‘Thermal high Feasibilty
Thermal low Approval
Corrosion Final Design
Erosion Project Management
Electrostatic installation
Density gradient Manufacture
Thermal gradient Assembly
Radiation Operation

Electromagnetic
Diffusion

Humidity

Contaminant ingress

Moisture ingress

Product ingress

Chemical reaction

Vibration

Rate of change of event

Lubrication degradation

Oxidisation

Dissimilar materials

Hygro-mechanical (moisture absorption)
nclusions

Crystallattice attack

Elasticity degradation

Metal migration

Corrosion (piting, galvanic, crevice, etc)
Threshold Voltage shift

Leakage current

Power dissipation

stray electrical current

tonisation

Maintenance
Overhaul / rebuild
Transport
storage
Restitution

Here is what we Know about the Causes of
Rotating Equipment Failure

Journal Brg.
5 e

nRolinu EL Brg.
%

.ah'saliunment

@ Misalignment
® Out of Balance
o Rolling El. Brg.
35% B Jounal Brg.
B Eles. Motor
W Gears

B Looseness
O Resonance
& Bent

O Blades

@ Ol whirl, Rub

Causes

Life Cycle Failure

Stage

Out of Balance

Rolling Bearing

g Outof Balance
30%

Electrical Motor

C issioni Excessive Cyclic

stresses

Manufacturing
stresses

Manufacturing/
Maintenance

Manufacturing/
Maintenance voltages
Poor cooling

Poor

Mechanism

Excessive Cyclic

Poor fitment
Poor lubrication

Over load Over

Physical
failures

Bearing failurein
Fatigue

Bearing failurein
Fatigue

Overload
Fatigue failures

Coil Insulation
failures

Manufacturing/W
rong Duty Cycle

83
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The Physics of Parts Failure

Range of Factor of Safety ]
Opering g5 e e onae e e
Material .
Stress IOVEFLtOAD :au,ses Strenath the greater the induced material stresses. We
> ocal stress o,r|s\e g show the pattern of varying operating loads
I —_———— ) )
g 7 N\ that a part can experience at the contact points
El / \ as a curve from least load to most load.
/ \
(3]
5 l; \ |
/ \ Parts with least strength |
4 fail when overloaded
»

Parts fail whose strength
is weaken to this level

Frequency

Material strength falls

Size of Stress e

Parts ‘age’ as they are used. Loads stress the
physical structure and it breaks under high
loads. The weakest parts fail early; the
strongest take more stress before they too fail.
We show the degradation as a curve of material
strength from most strong to least strong.

Why do parts fail? Because they can no longer handle the stress they suffer. When the load is too
great the part fails from ‘overload’, when the material weakens and degrades it fails from ‘fatigue’.

Size of Stress

84
Shaft Offset Misalignment .
Causes Orbiting We must know what our equipment parts are made of and
- " prevent high stress in those with infinite life but replace those
) of finite life before they fail.
—v>> & -
Shaft Angular Misalignment )
Causes Whipping | | | I |
< - .
Where does the » 7l A. Ferrous, Titanium Alloys
o]
stress comes from? 3 B. Non-Ferous Alloys
% Failure
<
St )
<. 4 Desigh criteria cre specified .. — T SO m— | /4
.
o2 below the curve [Threlsho\d] I E =g
o v \% X
< L1 1 1 1 'Yy
10° 10t 100 10 10 10°
]/‘Q#des 1o Failure, N (Logarithmic S
==
— — P —
10,000 cycles 1,000,000 cycles '-““'_ted life at Infinite cycles
atthisstress | at this stress level this stress at this stress
level level for non- level for steel
ferrous
85
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Service Life

The Equipment Designer Wanted a Long, Trouble-Free

Strength >
I

Factor of
Safety

-—

Load

I I I T I

< - .
n Failure A. Ferrous, Titanium Alloys
[0}
3 B. Non-Ferrous Alloys
_8 Failure
< . 1
i T A
) 1
T fDesign cateria-ore 5 N Gttt
= be\om{ the curve [Threiho\d] |
B M !
= L | 1 | F
100 10 10° 100 4 108 10710
Cycles to Fail ic Scale)

| l

Using a Factor of Safety means the
Designer intended for the operating
stress to be so low that it produced a
long, trouble-free service life

86

Many parts fail
without exhibiting
warning signs of a

coming failure — they
show no evidence of
degradation; there is
just sudden
catastrophic failure.
In such cases the
parts were too weak
for the loads they
had to take. In
virtually every case
those loads are
imposed by human
error.

The Overload Cycle is Optional

AN

N
~ &

vl |
Smooth Running

Another

= Operating Performance

Potential operating life
lost; now curtailed and
wasted

Overload

The ‘Death’

\- Overload

ding on the situation

» Time (D
Ll !
this can be at anytime.)

The Stress-Driven Failure Degradation Sequence

87
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Cause of Aging Failures

Time Dependent Load and Strength Variation

The
strength
distribution
widens and
falls over
time.

Strength

An Another
Overload Overload

Likelihood of

“ ‘ A ‘ D\ N A .‘/failure is higher in
Load W—AH - v Y vV this region

Log Scale

Equipment replaced here — Few Problems! ' t Time/Load Cycles

Equipment replaced here — Lots of Problems!

d Life
«—————— Probable Life ————>l«——  Uncertainty Wt;ar-out
o one
Rate that \x\ ..............
parts fail e
Time
88

The part would fail at

these times if imposed

stresses were that large Repair or Replace

The P - F Interval

'g F Degradation
B Impending Failure ‘signature’
b=}

&
g Smooth Running Change in
= Performance is
= Detectable

©

[}
z
<

-

B0

S | Load - Stress on Part Failed

I

wv

o 10 20 30 40 50
Item Age
We must condition monitor frequently enough to detect the onset of failure so
we have time to address the failure before it happens.
89
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Stress and Fatigue are Optional

_____ |< Operating Life Lost >|
- = !
I

Failed!?

[ It could have been this good! ]

8 | |
]
] -~
£ S~ o
5 =~
=
I
£ \ 4l
=
o \ RS
o \ | ~
Q | ~
o \ ! SO
\ ! N
|
I
I
|
T

—

=P Time (Depending on the situation this can be at anytinfe But because of our usage practices we got this!

Operating life Lost of Components and Parts Failure Due to Degradation and Stress

’ We must prevent and control the circumstantial factors that cause both parts’ fatigue and stress

90
Nost parts show \ - )
id hibi Condition Inspection Interval

QUEEES, @F Gl Do Mai & « i Equipment Unusable

warning signs, of failing. Condition Monjtor | Repairor Replace

They follow a sequence ‘ : ' P 4 3

of gradual degradation. g ' : . P-Filnterval

As they degrade their E S : 0% ‘

iti N T
condition changes. 5|7 - : : S
These changed % | Smooth Running : 0
L. B i Change in Performance

conditions can be g ! is Detectable

observed and the parts © : ' ; v

replaced before they fail. ' : ' . 'mpe"d;"gl Fr"cﬂo"a'

1 H | ! ailufe
Some items, like '
electronic parts, can fail
. . Failed

without warning. ; ; : : ‘ e

Situations of huge, _:> iTime (Dependib on the siuatioh this can be lmniv hours to

sudden stress or months)

0V?r|03d (,:an caus.e [P The Failure Degradation Sequence

to immediately fail.
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Degradation Rate Vs Temperature

Svante Arrhenius Degradation rate doubles for every 8 to 5 °C
The Nobel Prize in above Rated Operating Temperature

Chemistry 1903

Possibly designers
De-rated motor to
allow for additional
thermal insulation
and higher operating
temperature

Possibly everything is well sealed and abrasive material will cause no problems

“Yeah — Right!”

92

Roller Bearing Defect Severity

Stage 1.
Approx 10% to 20% Stage 2.
remaining life 5% to 10%
. Stage 3.
Failure Lg::;;lc Vibration Analysis oy anaivei 1% 55%
nalysis ining li
Induced betocted _Falt Detection II)etectédl of remaining life

Remaining life
one hourto 1%

Mechanically

Part Conditon ———

Catastrophic
Failure
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What Caused these Bearings to Fail?

: -

¥
Fretting Corrosion

(NITA)

\ W ]

The failure evidence on the bearing tells us
the cause of the failure.

94
Stress from Distortion Fails Machinery
4 di: -
» apalt ﬂmﬁmm’-&dby misalig‘““em
%Pam"el 3 'iAnguIar
. soft foot j', isuft foot
% Z £ ; Point contact only
Cantilever causes distortion
when bolted down
Emmeenm, || SREEocRIE
e B
E nba ;b ca cae sile iy ca e b shaisy sl member
Shaft misalignment distorts and bends shafts
hichin t | the shaft i
Far too common examples of soft-foot problems! which in turn overloads the shaft bearings
95
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Failure Patterns — ‘Infant Mortality’

How to Drive the Height of the Curve
Down?

'
i
i
;
Chance i
of ;
Failing How to Push the Length of the Curve /
Back? L

How to Pull the Position of the Curve
Lower?

Time — Age of Equipment

Strategies for the Infant Mortality Maintenance Zone

96
Infant Mortality and Poor
Installation
If excessive loading starts from day 1 due to poor installation it fatigues
?z(terial-of—construction (e.g. misalignment) Infant Mortality will occur
i.e. Failures S_tr_erl&ﬂl ______________________ >
clustered at
very young age
>
—-—
=
3,
>
W
9p)
stress
Age _—
N Life Failures Random Life
Reliability Theory 97

www.reliamaint.com info@reliamaint.com 48




Asset Reliability And Maintenance Management 25-26 June 2025

Failure Patterns — ‘Random Failure’

Chance
of
Failing

Lower?

l How to Drive the Position of the Curve

Time — Age of Equipment

Strategies for the Random Failure Maintenance Zone

Because failure is probabilistic for 75%- 90% of parts, i.e. their failure is a chance event, this makes
replacement of those parts on a certain date totally pointless. If the part did not show evidence of failure
then it could have remained in operation for a very long time. You could spend money unnecessarily
replacing a part that had nothing wrong with it.

99
Random Failure — Induced Stress
Strength
How did that ### foreign
object get here?
2 : . Who turned the
‘E How did the oil get "
O>J contaminated? lube oil Off?
()
wn
Age
Thanks to Howard Witt Reliability Consulting for the slide Relabilty Theory
100
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Failure Patterns — ‘End-of-Life’

How to Lower the Curve
Steepness?
Chance
of
Failing |,

How to Push the Start of the
Rising Curve Back?

Time — Age of Equipment

Strategies for the Wear-Out Failure Maintenance Zone

101
Strategy to Control Equipment
Failures Curves

£ £, Infant Mortality £ Random £ Wear-out /.

55 5% 5% )

1R i [ O et

B Usage

Infant Mortality and Poor Installation

Understanding of events in terms of failure mechanisms and how they change item
strength and/or stress applied Key to Good Strategies. .
1
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Failures

Infant Mortality

|

Component
Failure Rate

Usage

The “failure curve’
for a machine has
a special name

Cause: Incorrect Processes
(controlled by management)

ERROR INDUCED ZONE
eDefective parts

Cause and Effect of Our Equipment

Component
Failure Rate

Random

Component
Failure Rate

*Operating overload

Cause: Induced Stress
(controlled by people)

STRESS INDUCED ZONE

Usage Usage

Cause: Accumulated Fatigue
(controlled by people)

USAGE INDUCED ZONE
*Many aging/used parts

ROCOF *Poor assembly *Stress aging of some parts *Many parts degraded
" eManufacture error  sLocal environment degradation «Better materials Mean of Many
Occurrence of «Poor start-up «Operator error «Considerate operation /  SYstems
i - . . (machines)
Failure. hransport damage *Poor operating practices
1 . . With more parts,
*Poor maintenance practices ROCOF becomes.
System *Poor design choice approximately
Rate of sActs of God l P constant
Failing . P Lo . S
\rf_}," Nt S ¥~ Asingle System
= ’: (machine)
| \
; “ Time or Usage Age of System
| \
i |
Component v v
Rates of
Failing &_ /
Time or Usage Age of Parts

103
Design for Reliability and Low Operating Risk
Operating/Maintenance Cost Management
Operational |
Loads ¥
Power dissipation, Life Cycke Sensitivity Analysis
voltage, current, and Environmental
frequency Evaluate i
Profiles e Failure
. 1o the application Mode
Environment
and Stress Analysis Define the Effects
) safe-operating Tegiom Criticalit
Operating Thermal for the desired lif Analysi Y
Thermo-mechanical nalysis
Stresses e freepomik ¥
Hygro-mechanical Define poteniial
Electromagnetic screening and .
Vihration.shack acelorated test Life Cycle
Diffusi 15
bl EERlIions Management
Reliahility Assessment
Strength e e Reliability
Of the geometry, and failure mechanism model(s) Engineering
Material architecture and calculates Hme-to-failure
for each Faihme mechanism
Source: Pecht, Michael., ‘Why the traditional reliability prediction models do not work ..is there an alternative?’,
CALCE Electronic Product and Systems Centre of the University of Maryland, College Park, MD, 20742, USA.
104
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Failure Modes — “What You See/Hear when it Fails”

Example of an expanded list of failure modes

1 | Cracked/fracture | 11 | Fails to stop 21 | Binding/jammin | 31 | Burned
S 9
Distorted 12 | Fails to start 22 | Loose 32 | Collapsed
Undersize 13 | Corroded 23 | Incorrect 33 | Overloaded
adjustment
4 | Oversize 14 | Contaminated 24 | Seized 34 | Omitted
5 | Fails to open 15 | Intermittent 25 | Worn 35 | Incorrect
operation assembly
Fails to close 16 | Open circuit 26 | Sticking 36 | Scored
Fails open 17 | Short circuit 27 | Overheated 37 | Noisy
Fails Closed 18 | Out of tolerance | 28 | False response | 38 | Arcing
(drifted)
9 | Internal leakage | 19 | Fails to operate | 29 | Displaced 39 | Unstable
10 | External 20 | Operates 30 | Delayed 40 | Chafed
leakage prematurely soLRBEFAHRM s 576015, Supkrseded by BS EN 6081p

105

Human Error and its Management

106
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oy,

.x verses 1 $0,
A :

Mankind Machines

“Machines and their parts are built to work within fine tolerances, and specific
environments, and if not kept within those limits they will rapidly fail.”

AND RIGHT HERE IS WHERE ALL THE TROUBLE STARTS ... We do not
fulfil our obligations to our machines

IViachines Lannot Forglve uur
Mistakes

It’s not ‘rocket science’. You just need to understanding that a machine requires we
humans to build it so the internal tolerances are accurate, set it up accurately so it’s
not distorted, and make sure it always runs within those limits.

107

The Odds are Against Us Doing it Right!

Only one way to
disassemble

40,000+ ways to
incorrectly

reassemble!

Read the article “The Human Factor” in the workbook

Source: Federal Aviation Authority, Human Error CD, 2008

109
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0 .
80% of Failure Events are Caused by Human Factors and
Human Error
Accidents In Aviation e croe e ety
Growth Plots To Forecast Future System Failures”
Boiler Accidents: 82%
(USA, ASME Report 2002)
How Dams: 90%
(Henry, P., ‘Design Paradigms: Case Histories of
90% Human'Canses: Error and Judgment in Engineering’)
70%
60%
Accidents
50%
40%
30%
20% Technical Causes
10%
0%
1903 present
Time
Source: Federal Aviation Authority, Human Error CD, 2008
110
Types of Human Error
unintentionally intentionally
SLIP MISTAKE VIOLATION
A slip is merely plan A mistake is a " bad plan." A violation is
poorly exe 8 a very serious mistake.
111

www.reliamaint.com info@reliamaint.com 54



Asset Reliability And Maintenance Management 25-26 June 2025

Human Error

Following Classes: Influenced By:

Mood, Stress, Health,
Preoccupation

o Slips (lapse in attention): the intention is correct
but the execution faulty

While thinking about a problem walk to where the workshop was 10 years ago

Training, Procedures,
* Mistake: Faulty ideas on what should be done Ability.

He thought it was the correct lubrication “How was | supposed to know that”

* Violations: Deliberate decision to ignore Culture, Peer pressure
instructions. Laziness, Overzealous

“Stuff that | just do it this way” / “I add a bit more just to be sure”

* Managerial Error: Poor policy, unwise Culture, Ability, Knowledge,
decisions. Experience, Laziness,

Most errors can be traced back to this. Overzealous

“Knee Jerk Reaction” — “Policy on the Run” — “Risk Averse or Gung Ho”

112

Task Difficulty Vs Team Capabilities

Stress Strength
(Job Requirements) (Team Capability)

Number of
tasks of this
difficulty

Make Hard Joks
Easier

Improve Team
Capacity

Task Difficulty

Human Error (how to reduce ....)? ‘

113
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cator i an a
visual inspeetic
on (e, leak)

Read!
00001
Q00001
0.00m
nely 0.0002
olution wiongly 0.0003
ich (with mimic diagram) H 0:0005
Touds 0.0005
0.001
o001
f.002
o3 ~ .
o 4.5 sigma
0,003
000
0.005

Source: Smith, David J., ‘Reliability, Maintainability and Risk’, Appendix
6, Seventh Edition, Elsevier — Butterworth Heinemann

The Story in Human Error Rate Tables

0005
0006
iy A, 0003
4 sigma
0.01
Bot
001
ao1
001
001003
a2
0.02
002
weongty [I] 0.03
006

D 0.1
2 23 sigma
0.2s
position of valves 0.5
s er | r|:JvaIL\mxr\;rlln)
09

The Table confirms that ‘human element’ error is real and unavoidable. We do not perform well when tasks
are structured in ways that require great care and we perform especially badly under complicated, non-

routine conditions. Add stress into that that mix and you get disaster.

114
Error rate (per task)
Read/ Physical Everyday
reason operation yardstick
Read analogue indicator wrongly 0.005 995
Read 10-digit number wrongly 0.006 .994 A ‘human
Leave light on 0.003 .997 dependant’
Routine task with care needed B
Mate a connector wrongly 0.01 .99 proc.:ess Isa
Fail to reset valve after some related task 001 .99 business or
Record information or read graph wrongly 0.01 .99 :
Let milk boil over 001 .99 operating
Type or punch character wrongly 0.01 99 process
Do simple arithmetic wrong 0.01-0.03 where
Wrong selection — vending machine .99.97 0.02 .98
Wrongly replace a detailed part 0.02 .98 people
Notice the Do simple algebra wrongly 0.02 .98 make a
. Read 5-letter word with poor resolution wrongly 0.03 .97 ) .
€rrors rise as Put 10 digits into calculator wrongly 005 o5  Eg-Readitas2errors decision, or
things get more Dial 10 digits wrongly 0.06 .94 in every 100 times, actin it, or
. 1 which is the same as saying B
non-routine. Complicated non-routine task correct 98 times per 100 actonit.
And when Fail to notice adverse indicator when m‘chmg
. for wrong switch or item I 0.1 .90
stress is added, Fail to recognize incorrect status in roving
the error rate inspection 0.1 .90
New workshift — fail to check ktdware, unless
rockets up specified 01 90
General (high ste8s) 0.25 .75 ;
- (From Smith, Dr David J., ‘Reliability
— = P S Totice wrong position of valves 05 .50 ond Miainkainabilty ond Risk,
- \ Fail to act correctly after 1 min in emergency Extracts from Appendix 6, 7th
situation 09 .10 Edition, Elsevier, 2005)
In failure rate terms the incident rate in a plant is likely to be in the range of 20 X 10 6 per h
(general human error) to 1 X 10~ per h (safety-related incident). 115
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LCikelihood of Human
Error

Human Error is difficult to manage as people can do unexpected things — That is, the failure
types are unpredictable

The likelihood of error increases when

The stress on the person is excessive (“stressed out”) or inadequate (boredom);

The amount of information to process becomes greater or less than desirable;

Decisions are made in haste;

Unusual situations exist people become entrapped by their habits (task capture);

The mental picture of the system is poor or the system is ill-defined (poor training,
ability/demand mismatch, poor feedback, or poor definition of roles and responsibilities);

A task is considered unnecessary or it is thought that errors will be fixed by others.

116

Human Factors — the limitations of People

Physical Psychological
e Size e Experience
e Gender e Knowledge
° Age e Training
e Strength o Attitude
¢ The five senses e Emotional state
ESPLE Physiological Psychosocial
e Health ¢ Interpersonal relations
e Nutrition e Ability to communicate
o Lifestyle e Empathy
o Alertness/fatigue e Leadership

e Chemical dependency

117
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The 12 Most Common Causes for Human Errors

¢ Eliminate these causes

a ’ and you have
K Lack of Communication conquered most
’
" Lack of Teamwork human errors

@
" Norms

Talk about your
experience in any of
these

/ Pressure
Complacency
Lack of Knowledge

»
Lack of Awareness

What are the causes in
your company?

"3 LackofResources
AN 5 .
Distraction

% Assertiveness What are the
Fatigue corrective actions?

¥ © Stress

L

118

Put on your “Human Factors Spectacles”

e Sensitivity to human factors
¢ Knowledge of how human factors affect work and safety
¢ Objectively examine your world

¢ Look at others
¢ Look at yourself
¢ Look at the environment that surrounds you

¢ Be willing to make suggestions and comments

HUMAN FACTORS

lack ofstare parts and tools
: . iobS documentatid S
; q“‘?‘r‘:pﬂ“-.‘ﬁﬁﬁ\ﬁ" e incorret 96° e prob\em .
poring Gining erso“o\ v <upstance bY
P

oy goir .
4 %, bad lighting % p, is Ao
s & €s =

now
d ‘rzs‘risg for skill and knowledge

R
\‘\‘qsy"‘\\(‘ poorly designe

slippery floors

poor fool control

Poor comm,

- Unicati
IPc'or* Instructions o
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Why I\ /I SR RS 1 Y [ SV /T‘.-:J.:-v.l i~ the

Main

(]
-
©
[a's ST 002
o T .
= Twice every 100 times
w
c 3 times out of 100
£ i
I 1
" 5 —><—9times out of 10

Appendix 6 311 ess

A Maintenance
Planner helps to
-prevent these errors

(

(general human error) to 1 X 1076 perh

Source: Smith, Dr David J., ‘Reliability and Maintainability and Risk’, Extracts from Appendix 6, 7th Edition, Elsevier, 2005)
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The Job
|Task1 | ’TaskZ ‘ ’TaskS ‘ ’Task4 ‘ |Task5 |
Here is a ‘typical’ job that needs five tasks to do. What is the chance of a
‘typical’ operator or maintainer doing the job right, when there is a risk that
each task is not done right 1 times per 100 times it’s done? Which is the same
as saying it’s done right 99 times per 100, or 99% perfect.
121
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Series Work Process Being D

jOb

Planning Greatly Improves the Odds of a

one Right

|Task1|—>‘Task2‘—-‘Task3‘ {Task4‘

\ Task 5

Rl XR2 XR3 XR4 XRS

Remember this ...?

We have a series process. _, ,,

One fails ... all fails! One
poor ... all poor!
Rsystem R1 X RZ X R3

After planning 0.99 x0.99 x 0.99 x 0.99

Before planning  0.95 x0.95 x0.95 x0.95 x0.95 = 0.77

Planning reduces the Human Error Rate

We plan maintenance in great
detail because there is no
redundancy. The only way to
do a 100% reliable job is to
make sure every part of it is
done reliably.

x0.99 = 0.95

122

Carpenter’s Creed: measure twice, cut once

R=0.995

’ Get wood ‘—” Measure 1 ’—" Mark wood }—" Cut wood 1erroreve|:v_200
opportunities

~1/wk

paraIIeI =1- [(1 R 1 RZ)]
=1-[(1- o 995) x [(1-0.995)]
=0.999975

This is a ‘mistake proofing’ method that greatly reduces the chance

O 995
Get wood Mark wood ‘—+ Cut wood ‘ 1error every 4000
O 995 opportunities

and left behind in a job as a defect that will later cause failure.

~1/20 wk

of an error being made
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Quality Control and Assurance

125
Quality, Precision, Repeatability, Variability
. IS Accurate 4
Accuracy Quality "‘, Precision ,:"
High WA 4
Precision Quality — —
yoos v
] [T 8
g g
)
5 5 Repeatability / / \
z g
£ H 4
3 3
g g
P &
‘4 “‘ ‘4 “‘ Repeatability is low in
Specification Specification this process
— Variability = — '«— Range of Outcomes =
Range of Outcomes Variability
Unwanted
Variability
= Unwanted
Outcomes
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Graphically Tracking Behaviour of a Variable

Quality Characteristic[Weight (gm), X

Weight (gm), X
N
5

X-bar

st

1 3 5 7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

aswas
avat

4549 W

o0 —
sy
Q00—
Bsa3s9 I—
Hons -
w39

Hout W

EIT]

ErEn

oN Ao w e

58
‘Sample number Hequency
Statistics from data table Process capability
Process mean, X-bar  40.193  Upper specification limit, Ust| 42|
Process standard deviation, S 0.721  Lower specification limit, LSL|
X-bar+3s  42.355 Cp
X-bar-3s  38.030 CPU
CPL
Cpk
Percent yield
Thanks to Dick O’Brien from his process control lecture notes for the slide
127
9.
o
Accuracy  Relative
No : Y Cost
Feel — Operator judgement % +35% 1
g Torque Wrench +25% 1.5
El s
s U5 Turn-of-the- Nut Y +15% 3
< -] 5
£ 2 o Y
:’.’- g Load Indicating L+10% 35
N ) Washer
gt s ) L £35% 15
5 € Fastener Elongation 3
§ £ 1 +1% 20
[ .
A A Strain Gauges 3
T y
X
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-15% +15%
Torque
-35% +35%
100% Required Torque
Ajax Fastener Handbook 1999
128
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Controlling the Chance of a Failure Event

- Uncontrolled processes

< produce a range of outcomes

5 without consistency

-

o

@

o

<

<

<

(3]

Consequence of Event
Only accept this range of outcomes
because they produce good results
< s -
Better 1 Best | Better
|
£ Good : Good
o
o
— Do not accept these Do not accept these
g outcomes because outcomes because
Q they produce high they produce high
s risk of failure risk of failure
<
(3]
o Consequence of Event
Specification
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Stop D¢ you Stop Problems
T L T T T T T T o — - |
Lttt il LT T T T
Defect MMI:: Proiem
%“ji !il = Pypblem
'\u’\n’n'x'l—';' IILI 2 = m
o e e . 2.~
LI I . I - I . o) I'OMEm
= e - .
""I'I'I'Illl Y Buslnes r em
I : I . I . I - I T em
Defect 1I|I|I| T Q
Defi ot e e o |'| ProBlem
Defect: 'sxlxlxl lIJ
" / Prolstem
Projfiem
L/ esses
Vonr ©) ©3
De ll-(‘!ﬂ!l‘l]xlxlxlxl ] 7
Prjlem
Defect elimination and failure prevention are where you have to focus if you want to stop problems.
Otherwise the ‘problem monkeys’ that other people create, because they produced a defect and did not
correct it, will all end-up sitting on your back to fix.
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Equipment Maintenance System Quality Requirement

Standard Operating Procedures (SOPs): Clear and well-documented standard operating procedures should be established
for each maintenance task. These procedures outline the step-by-step process for performing maintenance, including
safety precautions, tool requirements, and quality checkpoints. _

Training and Qualifications: Maintenance personnel should receive proper training and certification to ensure they have
the necessary skills and knowledge to perform maintenance tasks accurately. Regular training updates should be provided
to keep up with evolving equipment and technologies.

Inspection and Testing: Regular inspections and testing should be conducted before, during, and after maintenance to
identify potential defects, deviations from standards, and any issues that could lead to failures. This includes both
functional testing and quality checks.

Quality Control Checkpoints: Introduce quality control checkpoints at various stages of the maintenance process to verify
that tasks are being carried out correctly and to identify any discrepancies early on.

Documentation: Maintain comprehensive records of all maintenance activities, including the tasks performed, materials
used, inspection results, and any deviations encountered. Accurate documentation provides an audit trail for future
reference and analysis.

Precision Engineering Standards: Align maintenance practices with precision engineering standards. This includes adhering
to tolerance limits, material specifications, alignment requirements, and any other engineering guidelines relevant to the
equipment.

Audits and Reviews: Periodically conduct internal audits and reviews of the maintenance processes to ensure compliance
with established procedures and standards. External audits can also provide valuable insights and validation.

CMMS: Develop a comprehensive maintenance management software that incorporates SOPs, inspection checklists,
documentation templates, and reporting tools.

Continuous Improvement: Establish a feedback loop that encourages personnel to provide suggestions for process
improvement based on their experiences. Regularly review and update maintenance procedures based on lessons learned
and technological advancements.

131
Equipment Maintenance Quality Requirement

Accuracy: Maintenance tasks must be performed accurately to avoid introducing errors or causing further issues. This includes correctly identifying the problem,
using the right tools and techniques, and following the manufacturer's guidelines.
Safety: Safety should always be a top priority. Maintenance tasks should be performed in a way that minimizes risks to the technicians and the equipment itself.
This includes using appropriate personal protective equipment, following safety protocols, and ensuring that the vehicle is properly secured during maintenance.
Reliability: The goal of maintenance is to enhance the reliability of the Equipment. Quality measures should ensure that the maintenance work leads to
improved performance, reduced breakdowns, and increased longevity of the car.
Quality Parts: When replacing parts, using high-quality, genuine parts is essential. Substandard or counterfeit parts can lead to further problems and reduced
reliability.
Proper Tools and Equipment: Using the right tools for the job ensures that tasks are performed correctly and efficiently. It also minimizes the risk of damaging
components during maintenance.
Testing and Validation: After completing maintenance, thorough testing and validation should be performed to ensure that the vehicle is functioning properly.
This might involve test drives, diagnostic tools, and performance checks.
Training and Qualifications: Maintenance tasks should be carried out by trained and qualified technicians. Having certified professionals perform the work
ensures that it's done to a high standard.
Clear Communication: Effective communication between technicians, supervisors, and vehicle owners is vital. This includes discussing the work to be done,
explaining the results, and providing recommendations for ongoing care.
Envir | Consid ions: Maintenance tasks should be performed in an environmentally responsible manner. This includes proper disposal of waste
materials, such as used oil and old parts.
Documentation: Proper documentation of maintenance tasks is crucial. This includes recording the work performed, parts replaced, adjustments made, and any
other relevant details. Accurate documentation helps with tracking maintenance history and identifying patterns.

132
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A Job Plan is Not a Job Procedure

Prepare for Job in Dirt-Free Work Arg
Safe Isolation and Handover
Check Parts and Materials are Correct
Access Plummer Block and Bearings
Check Shaft Condifion and Tolerance
Measure Bearing Internal Clearance
Measure Plummer Base Plate Accuracy
Locate Bearings on Shaft

Mount Bearings on Shaft

10. Position Plummer Blocks and Place Pulley
11. Complete Plummer Block and Seals Assem|
12. Align Plummer Blocks

13. Lubricate Bearing and Seals

14. Locate Plummer Blocks and Bolt Down
15. Commission and Test

16. Clean-up and Hand Back

P W

©

133

What is Wrong with this Job Plan?

JOB PLAN TO INSTALL NEW BEARINGS IN CONVEYOR PULLEY
PLUMMER BLOCKS

1.Prepare for Job in Dirt-Free Work Area
2.Safe Isolation and Handover

3.Check Parts and Materials are Correct
4.Access Plummer Blocks and Bearings
5.Check Shaft Condition and Tolerance

6.Measure Bearing Internal Clearance

7 Pl Base Plate A y
8.Locate Bearings on Shaft

9.Mount Bearings on Shaft

10.Position Plummer Blocks and Place Pulley
11.Complete Plummer Block and Seals Assembly
12.Align Plummer Blocks

13.Lubricate Bearing and Seals

14.Align Plummer Blocks and Bolt Down
15.Commission and Test

16.Clean-up and Hand Back
ANSWER: no organisation, no times, no quality standards = no control of the job

134
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Develop a Job Plan with Quality Specifications that
Indicate Achievement of Milestone Steps

JOB PLAN TO INSTALL NEW BEARINGS IN CONVEYOR PULLEY PLUMMER BLOCKS
. Work Area prepared to site dirt-free work standard

. Safe Isolation and Handover delivered from Operator

. Check Parts and Materials are correct to BOM

. Plummer Blocks and Bearings accessed for safe installation
. Shaft Condition and Tolerance checked against OEM values
. Bearing Internal Clearance measured against OEM values

. Plummer Base Plate measured against OEM values

. Bearings on Shaft located to OEM values

. Bearings on Shaft mounted to OEM standards

10.Plummer Blocks and Pulley positioned to OEM standards
11.Complete Plummer Block and Seals assembled and positioned to OEM'¢®
12.Plummer Blocks aligned to OEM standards

13.Bearing and Seals lubricated to OEM standards

14.Plummer Blocks aligned and bolted to OEM standards
15.Commission and Test that operating specification is met
16.Clean-up and Hand Back to site workplace cleanliness standards

W 00 N O UV & WN =
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Job Plan as a Process Flow Diagram
makes Series Implications and Risks Clear

Job Plan of the Process for Installing Spherical Roller Bearings with Adaptor
Sleeve in Plummer Blocks with Taconite Seals on a Conveyor Pulley Shaft

N Cleanup
nd

Back

Partially fil
the

Plummer
jock with

e

7~ &= >>Reliable Machine

Thisflow chartis the JOB PLAN. It does several things
“, . ” « Itis a‘picture’ of the jobthat can be discussed with people
One poor; all poor. o Itmakesthe jobinto a process that delivers a measurable output
» ” + Youcan now build performance KPIs into the process andmeasure effectiveness
One wrong; all wrong. = ltallows youto do Lean value streammapping for efficiency improvemerts
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Improving Series Process Reliability

e Can we include
redundancy and turn
tasks into a parallel
arrangement?

* How to make each
task more certain?

e How certain?

o e

Series Tasks

31 2 Bs BA Bs Bs l 37 BB Bg Bm Bu Bu

Parallel Tasks

Add a ‘Proof Test’ to each task

137

Equivalent Series Tasks

.99 > .99 > 99 + 99 =+ .99 > .99 > .99 > .99 > .99 > 99 »> 99 > 99

Adding a proof test requirement to each task (even though the test is done right only 90% of the
time) has made each task into a parallel task. That simple change (though still error prone) has
lifted the chance of doing the job right-first-time from 28% to 89%!

138
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Accuracy Controlled SOPs Prevent Variation

No. Better\ Bi
¢ Specify the 3Ts (Target, Tolerance, Test) for Good —
precision and accuracy
* Range the tolerance ‘good, better, best’
* Make ‘best’ the world-class performance 7 ”
Specification
¢ Make the SOP into a table of successive L Range of Outcomes

tasks in a column
¢ Provide columns for 3Ts and ranges
. o [7 1 i
¢ Give all tasks a 3T
T T

You will stop defects and prevent variation
if you use the 3Ts in your SOPs. The ‘Test’
tolerance in every task creates a parallel

|7 3T SOPs give feedforward contro+ arrangement. And that will dramatically

¢ Advise what to do when out of tolerance

¢ Get a signature when 3T is done to

increase the likelihood of the whole task
being done 100% right.

Including 3T Failure Prevention in SOPs

e

<0
T, T T, ecor e Sign-off
Lask l‘ask Task Tools & Full Description of est for - d Action f‘ After
Step Step Step o Correctnes Tolerance Range Out of
y y Condition Task Actual | Complet
No. Owner Name B Tolerance
Result e
7 A
(Max3— (Include all tables, Good | Bette | Best \
4 words) diagrams and pictures r 7:9 "
here) ~8et
~~ ‘
Tell people
how to fix the
problem

Typical Layout for 3T — Target, Tolerance, Test — Failure Prevention Procedure

When procedures are written with the 3Ts you can guide people right to the outcome they need to
deliver. We build into 3T procedures the necessary actions that, when performed, will deliver the
necessary task reliability. We give people a way to check that their work is exactly what it needs to be.
They self-improve and gain the self-satisfaction of having done a great job.
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RCA and FMEA

141

Root Cause Analysis Introduction

s N
World-of- today is result of as-series of Causation.

AN J/

Causation provides relations and linkages among various events.

Cause itself does not convert in to effect. The Cause will Interact with environment variables
and produce effect (if a given environment is static Cause and Effect will one and same)

In absence of Exhaustive knowledge regarding some process or product leads to “Thread the
path of causation series and search for Root Cause”

In series of Causation “Root cause” is most effective and Efficient point to act-upon to
influence the outcomes .

142
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Root Cause Analysis

RCA is a useful process for understanding and solving a problem. RCA is a systematic process for
identifying root cause of problems or events and an approach for responding them

RCA defined as analytical tool that can be used to perform a comprehensive system based review
of critical incidents

RCA is Based on the basic idea that effective management requires more than merely putting-off-
fires for problem that develop but finding a way to prevent them.

RCA means finding the specific sources that created the problem so the effective actions can be
taken to prevent recurrence of the situation.

Identify barrier and causes of problems so the permanent solutions can be found

Develop the logical approach to problem solving using data already exist with organization

Establish repeatable , step by step processes in which one process confirms the results of the
other

143

RCA Application Across Spectrum of Product, Process and Service Industries

Office Processes and Procedures

Quiality Control Problems

Healthcare Incident Analysis

Safety-based Situations or Accident Analysis

Failure Analysis in Engineering and Maintenance

Change Management or Continuous Improvement Activities

Computer Systems or Software Analysis

—_— N T~ Y
- 4 A _J _J
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Root Cause Analysis

Where is the Root Cause?

Hundreds of activities across dozens of processes — what chance have you got?
145

Root Cause Analysis

K-
<
<

What Route did Failure
Take in the Pump Set
Cause and Effect Tree?

| Motor

Drive [
71" Coupling

“*~| Wet End

An Internet search by the Author for
causes of centrifugal pump-set failures
found 257 separate ways for the wet-
end to fail, 178 ways for a mechanical
seal to fail, 52 ways for the shaft drive
coupling to fail, 16 ways to fail the
base, and 100 ways for the electric
motor to fail.

*
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RCFA Cause and Effect Diagram

147

We Identify All Possible Cause and Effect

(Because we do not yet know the realgause)
. Latent
! B s
Scientific Causes/
al = I HENE g

Inciden
Business
System

Causes .
*Fault Tree
*Fishbone

www lifetime-reliabili .E'Z: Why And 8
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e5®

Tools to Use During Equipment Failure

> *Project
[Impiementation Managemen
t
Corrective J *Evaluation Table
[ Action = «Affinity Diagrams

e

and

Evidence and
Proof J

Failure l

o
P‘?‘ Analysis and
. | Identification

1

\\-}
o°

‘
Ve

Flowchart

*Relationship Digraph

*Brainstorming

*Brain Writing

*Is-Is Not Table

*Why Tree (Fault Tree Analysis)
*5/7 Whys (to test Why Tree)
*3W2H

*Interviews

*Fishbone Diagram
*Timeline Plots
*Distribution Histograms

*Protect Equipment/Parts
*Documents, Records, Diagrams';
*Creative Disassembly of Parts *
*Expert Investigation

Pareto Charts
FMEA

\_V_J

R a—

Understand interactions
and the human element

Understand the physics —

24

science — key factors —
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Data Analysis to Release Information
|~ QR
| = J—
2 E RunCran.
D_w:'.\-.u.-v. Shest IIIII--::.LL- Chact e i
=2 [l A
% %- Time Log N s
Flow Chart Cause and Effect Diagram
. Is/ Is Not table to Compare Operation
i Pt soipton - e e
,,,,,,, cat Diagram Got the problem? Yes o Ho
All sedans
Similarities
Control Chart Al Comoy
Age 10yrs | 1y 2y
Use Visual Analysis Tools for oty | Pt [ves o o
Patterns and Trends I .
30
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Whatis FMEA

users, for a given product or process.
Effect o Assess the risk associated with the

@ FMEA:
. e Identify and fully understand potential
Fa I I ure failure modes and their causes, and the

? M Od ea nd effects of failure on the system or end

.. identified failure modes, effects and
- Ana |ySIS IS causes, and prioritize issues for corrective
action.
a methOd o |dentify and carry out corrective actions
d esigned to address the most serious concerns
to
151
L Sore 2 —
i FAILURE MODE AND EFFECTS ANAL YSIS
Process c o '] Action Results
unceon Potentlal Posernial 3 Curmem Conerols
] = A HHE - B Hrm i e e M e HEHE
-] What can be done?
. Design Changes
« Process Changes
Step 1 =
« Special Controls
" Stanarte,
What How often
i $ are the does it N w* o
Cause(s)? happen?
What can go wrong?
- No Function
- Partial/Over
FunctionDegraded | Step 3
Over Time
« Intermittent
Function
- Unintended
Function
EMEA
] Hyper
152 fink
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FMEA Process

The failures are prioritized according to how serious their consequences are, How frequently that occur and How easily they can be
detected. The purpose of FMEA is to take action to reduce or eliminate problems starting with the highest-priority ones

Assemble a cross-section team

Identify the scope of FMEA

Fill in Identifying information of FMEA form

For each function identify the Ways It can fail, this will term as failure mode.

Determining How serious is the effect

For each failure mode determine the All Potential Root Causes

For each cause determine the occurrence rating.

For each root cause identify the current process control

For each failure mode determine the detection rating.

|
[
[
[
[
[ For each failure mode Identify the consequences on the system
[
[
[
[
[

]
|
|
Identify the function of your scope ]
)
|
]
)
|
)
)

Various Quality Tools
v Affinity diagram
v Arrow Diagram
v' Balance Score card v’ Matrix diagram v’ Repeatability and Reproducibility
v Box plot v Meeting Evaluation Studies
v' Brain Storming v' Mind Map v’ Requirement Table
v Contingency diagram v’ Mistake proofing v Requirement and Measure tree
v’ Control charts v' Multi Vari Chart v" Run chart
v/ Correlation Analysis v/ Multivoting v/ Scatter diagram
v’ Cost of Poor quality Analysis v" Normal probability plot v’ SIPOC Diagram
v’ Criterial filtering methods v Paired Comparison v’ Stake holder Analysis
v’ Critical to Quality analysis v’ Pareto Chart v’ Storyboard
v’ Decision Matrix v’ performance Index v’ Stratification
v’ Design of Experiment v PDCA Cycle v’ Survey
v’ 5W2H v' Plan result Chart
v Flow chart v’ Potential problem analysis
v’ Force field analysis v' Prioritization matrix
v Gantt Chart v' Process Capability index
v Graphs v’ program decision program chart
v’ Histogram and Other frequency v’ Project chart
Distribution v’ Radar chart
v Hypothesis testing v’ Relation diagram
v’ Is-is Not matrix
v  List reduction
154
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Reliability Centered Maintenance

155

Reliability Centered Maintenance

Reliability-Centered Maintenance (RCM)—Any RCM process shall ensure that all of the following seven
questions are answered satisfactorily and are answered in the sequence shown as follows:

» What are the functions and associated desired standards of performance of the asset in its present operating context
(functions)?

» In what ways can it fail to fulfil its functions (functional failures)?

» What causes each functional failure (failure modes)?

» What happens when each failure occurs (failure effects)?

» In what way does each failure matter (failure consequences)?

» What should be done to predict or prevent each failure (proactive tasks and task intervals)?

» What should be done if a suitable proactive task cannot be found (default actions)?

156

www.reliamaint.com info@reliamaint.com 76



Asset Reliability And Maintenance Management 25-26 June 2025

Reliability Centered Maintenance

Select the level of Analysis to be carried out

» The level of detail which is ultimately selected should enable a suitable failure management policy to be

identified.
» Higher levels (less detail) should be selected if the component or sub-system is likely to be allowed to run

to failure or subject to failure finding.
> Lower levels (more detail) need to be selected if the failure mode is likely to be subjected to some sort of

proactive maintenance

Functions Complete Definitions
» primary functions, which summarize why the asset was acquired in the first place. This category of

functions covers issues such as speed, out put, carrying or storage capacity, product quality and customer

service.

» secondary functions, which recognize that every asset is expected to do more than simply fulfil its primary
functions. Users also have expectations in areas such as safety, control, containment, comfort, structural
integrity, economy, protection, efficiency of operation, compliance with environmental regulations and
even the appearance of the asset

157

Reliability Centered Maintenance

Functional failure
> Total inability to function

» Partial failures, where the asset still functions but at an unacceptable level of performance

» Clearly these can only be identified after the functions and performance standards of the asset have been defined.
Failure Modes
»  All the events which are reasonably likely to cause each failed state. These events are known as failure modes. *
» Reasonably likely' failure modes include those which have occurred on the same or similar equipment operating in the same context,
» Failures which are currently being prevented by existing maintenance, and
» Failures which have not happened yet but which are considered to be real possibilities

Failure effects

» It describe what happens when each failure mode occurs . It include all the information needed to support the evaluation of the

consequences of the failure.

v

It is these consequences which most strongly influence the extent to which we try to prevent each failure.

If a failure has serious consequences, we are likely to go to great lengths to try to avoid it.

v

A great strength of RCM is that it recognizes that the consequences of are far more important than their technical characteristics.

%

In fact, it recognizes that the only reason for doing any kind of proactive maintenance is not to avoid failures per se, but to avoid or at

least to reduce the consequences of failure
158
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Reliability Centered Maintenance

The RCM process classifies these consequences into four groups, as follows:

» Hidden failure consequences: Hidden failures have no direct impact, but they expose the organisation to
multiple failures with serious, often catastrophic, consequences. (Most of these failures are associated with
protective devices which are not fail-safe.)

» Safety and environmental consequences: A failure has safety consequences if it could hurt or kill someone. It
has environmental consequences if it could lead to a breach of any corporate, regional, national or
international environmental standard.

» Operational consequences: A failure has operational consequences if it affects production (output, product
quality, customer service Of operating costs in addition to the direct cost of repair)

» Non-operational consequences : Evident failures which fall into this category affect neither safety nor
production.

159

Reliability Centered Maintenance

Proactive Tasks

Proactive tasks are tasks undertaken before a failure occurs, in order to prevent the item from getting into a failed state’.
They embrace what is traditionally known as ‘predictive’ and ‘preventive’ maintenance

RCM divides proactive tasks into three categories

> Scheduled Restoration Tasks
» Scheduled Discard Tasks
» Scheduled On-condition Tasks

Scheduled restoration entails remanufacturing a component or overhauling an assembly at or before a specified age limit, regardless of its condition at
the time .

Scheduled discard entails discarding an item at or before a specified life limit, regardless of its condition at the time.

On-condition task :
> Some functional attribute is monitored continuously and an alarm is raised when monitored attribute values crosses set value.
> The majority of these techniques rely on the fact that most failures give some warning of the fact that they are about to occur. These warnings are
known as potential failures
> Potential failures defined as identifiable physical conditions which indicate that a functional failure is about to occur or is in the process of oo

occurring.
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Reliability Centered Maintenance

Default Actions

RCM recognizes three major categories of default actions, as follows:

» Failure-finding: Failure-finding tasks entail checking hidden functions periodically to determine whether they
have failed (whereas condition based tasks entail checking if something is failing).

» Redesign: Redesign entails making any one-off change to the built-in capability of a system. This includes
modifications to the hardware and also covers once-off changes to procedures.

» No Scheduled Maintenance: This default entails making no effort to anticipate or prevent failure modes to

which it is applied, and so those failures are simply allowed to occur and then repaired. This default is also called
run-to-failure.

161

Maintenance Task Selection

For hidden failures (The Failures which are not evident By their own) A proactive task is worth doing if it reduces the risk of the
multiple failure associated with that function to an acceptably failure low level. If such a task cannot be found then a scheduled failure finding -task
must be performed. If a suitable failure-finding task cannot be found, then the secondary default decision is that the item may have to be redesigned
(depending on the consequences of the multiple failure) .

For failures with safety or environmental conseguences A proactive task is only worth doing if it reduces the risk of that failure on its

own to a very low level indeed, if it does not eliminate it altogether. If a task cannot be found which reduces the risk of the failure to an acceptably
low the item must be redesigned or the process must be changed.

Failure with operational consequences, A proactive task is only worth doing if the total cost of doing it over a period of time is less than
the cost of the operational consequences and the cost of repair over the same period. In other words, the task must be justified economic no
scheduled grounds. If it is not justified, the initial default decision is maintenance. (If this occurs and the operational consequences are still
unacceptable then the secondary default decision is again redesign).

Failure with non-operational consequences A proactive task is only worth doing if the cost of the task over a period of time is less than

the cost of repair over the same period. So these tasks must also be justified on economic grounds. If it is not justified, the initial default decision no
scheduled maintenance, is again and if the repair costs are too high, the secondary default decision is once again redesign .This approach means that
proactive tasks are only specified for failures which really need them, which in turn leads to substantial reductions in routine workloads

Compare this with the traditional approach to the development of maintenance policies. Traditionally, the maintenance
requirements of each asset are assessed in terms of its real or assumed technical characteristics , without considering the

consequences of failure. The resulting schedules are used for all similar assets, again without considering that different
consequences apply in different operating contexts. This results in large numbers of schedules which are wasted, not because they
are 'wrong’ in the technical sense, but because they achieve nothing.
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normal circumstances

nwm.h could hurt

Maintenance Task Selection

No.

al standard

v kill somoone? or regulation?

10 detect whelher
occurring or

e is
I to occur technic

feasible and worth doing

¥

o task o detect whether

on-<condition task

Is A scheduled resto
task 1o reduce the Talure
rate technically feasible
and worth doing?

I8 8 scheduled discard

task 1o reduce the fallure

rate tochnically foasible
and worth doing ?

Maintenance Task Selection Decision Table

No Yon
H1 10 detect whether B3 /s 2 taak 1o detect whether
llure I8 occurring or the I ring or
ceur technicall 116 coclr ncnmuur
oasitle nd worth doing fensible and worth doin
Yeos No X o
Schedu Scheduled
moomdition task on-condition task
[IE] '= & scheculed restoration 82 s 2 scheculed restoration
1o reduce the failure task to avoid
rate technically fe. technically teasible
nd worth doing? and worth doing?
Yos No Yo No
Scheduled Scheduled
rentoration task restoration task
RE] = » scheduled discard EE] 15 scheduled aiscard
task 10 reduce the fallure
rate tochnically teaible
d worth doing? g worts ﬂdng?
Yos i Yes No
Scheduled Scheduled
discard task discard task
Ha PR ro-finding task to s
oc ure technically
worth doing?
Yeu No
Scheduled Could the T3 Combination Redesign is
falure-finding mutiple of tasks compulsory
failure affect
salety or the
environment?
RAedesign IS ek NG e No scheduled, Redesign may
compulsory maintenance be desirable

No
maintenance

Redeosign m.
"se caairabte

163
Maintenance Task Selection
RCM 11 SVSTEN Syatem ¥ Faciiitator Date [Sheet 11|
DECISION
‘Vﬁfjﬁﬂ SUB-SYSTEM "Bub-syatem N Auditor Date of
Initial | Canbe
e Froposesd Task s oS
3 |
o
= |
1 ‘ [
S [ [
= | |
S | !
3 | :
:
¥
8
2
o
= |
§
&
z
T |
164

www.reliamaint.com

info@reliamaint.com

80



Asset Reliability And Maintenance Management 25-26 June 2025

Develop Equipment Preventive Maintenance

Identify the type and purpose of the equipment, as well as its service life expected lifespan, performance and reliability.

Determine the maintenance objectives and criteria, such as availability, efficiency, quality, safety, cost, etc.

Identify the sub-assemblies of the equipment and their functions. For example, an equipment may have a hydraulic System, Reduction gearbox with Belt and pully
driven system, Fluid pump, Pneumatic control system and Electrical panel.

We can have sub assembly boundary system roughly covering full equipment

environment impact such as heat, dust, moister, vibration etc.

For each sub-assembly, determine the maintenance procedure and frequency based on the manufacturer's recommendations, the operating conditions, and your
own history of Break downs

Select the appropriate maintenance strategy and methods, such as preventive, predictive, corrective, condition-based, etc. Understanding of RCM can help here.

Define the maintenance tasks and activities, such as inspection, testing, cleaning, lubrication, adjustment, repair, replacement, etc.

Determine the maintenance frequency and estimate time duration, necessary resources and personnel for the maintenance execution, such as tools, spare parts,
manuals, technicians for work plan.

Aggregate the maintenance procedures for all the sub-assemblies and create a maintenance task list that covers the entire equipment

‘o Yo Yo Yo Yo Yo Y Yo Yo Yo

Assess failure mechanism and material degradation associated with the elements of Subassembly, such as fatigue. Wear & tear, corrosion, erosion and immediate ]
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Start Your Preventive Maintenance

Name: i Number:
ISubAssemb Sub ICompone |Failure Failure Existing Progressive or if Progressive what [Time or uses Insurance
ly ISubassembly |nt Mode Mechanism Control Catastrophic(and technology can be used |bases plans Spare

Ease of Detection) |to detect

-[ Equipment

[Subassem bly

[ Sub Subassembly

[ Component

[Failure Mode

[ Failure Mechanism

[ Existing Control

[ Progressive or Catastrophic(and Ease of Detection)

[if Progressive what technology can be used to detect

[Time or uses bases plans

[ Insurance Spare
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Role Responsibility and Accountability Matrix

/Responsible (R)I The person or group who is responsible for N Responsibility [ Accountabilit | Suppor | Informatio Consultation
t

completing a specific task or activity. They are directly involved Y "

in the execution of the task and are accountable for its

Maintenance

completion. Manager
- J
Maintenance
4 N Engineer

Accountable (A): The person who has ultimate ownership and
decision-making authority for a particular task or activity. This
person is answerable for the results and outcome of the task. Quality Engineer

. /

Production Engineer

Maintenance

(" . Lo . . Operator
Supportive (S): Individuals or groups who provide assistance,

resources, or expertise to help the responsible person complete Production operator
the successfully. They are not directly responsible for task the
\task but contribute to its execution.

Logistics

/
7
Informed (1): Individuals or groups who need to be kept
informed about the progress, decisions, or outcomes of a task
or activity. They are not directly involved in execution but
require updates to stay informed. )
4 ™

Consulted (C): Individuals or groups whose input or expertise is
sought before decisions are made or actions are taken. Their
insights are considered during the decision-making process.

- J/

167

Maintenance Planning and Scheduling Processes

168

www.reliamaint.com info@reliamaint.com 82



Asset Reliability And Maintenance Management 25-26 June 2025

What is Maintenance Planning and Scheduling

Strategic Maintenance Planning: It
involving the selection of maintenance
strategies from among alternative courses Operational Maintenance Planning; It is
of action, for the enterprise as a whole. It is the process of establishing the sequence
about deciding in advance what LN\ and relationship among task elements and
maintenance types to use to manage the [j/ providing the parts and resources needed
various operating risks of the organization. to deliver the work plan.

This is what the Maintenance Manager is
responsible to do

—
4~ G
L]

Scheduling is the process of determining
which jobs get worked on, when and by
whom, based on the priority, the resources,
and asset availability. The scheduling
process should take place before the job is
executed.

Work Execution and Completion j

169

What is Planning

= Definition: Planning is the fundamental management function,
§ which involves deciding beforehand, what is to be done, when is it
to be done, how it is to be done and who is going to do it.
p—
ol § It is an intellectual process which lays down an organization's
objectives and develops various courses of action, by which the

organisation can achieve those objectives. It chalks out exactly, how
to attain a specific goal.

4

P

>

Planning is nothing but thinking before the action takes place. It
helps us to take a peep into the future and decide in advance the
way to deal with the situations, which we are going to encounter in
future. It involves logical thinking and rational decision making.

4

a
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Planning Characteristics

Managerial function: Planning is a first and foremost managerial function provides the base for
other functions of the management, i.e. organizing, staffing, directing and controlling, as they
are performed within the periphery of the plans made.

Goal oriented: It focuses on defining the goals of the organisation, identifying alternative
courses of action and deciding the appropriate action plan, which is to be undertaken for
reaching the goals

Pervasive: It is pervasive in the sense that it is present in all the segments and is required at all
the levels of the organisation. Although the scope of planning varies at different levels and
departments.

Continuous Process: Plans are made for a specific term, say for a month, quarter, year and so
on. Once that period is over, new plans are drawn, considering the organization's present and
future requirements and conditions. Therefore, it is an ongoing process, as the plans are

\framed, executed and followed by another plan.

Intellectual Process: It is a mental exercise at it involves the application of mind, to think,
forecast, imagine intelligently and innovate etc.

Futuristic: In the process of planning we take a sneak peek of the future. It encompasses
looking into the future, to analyze and predict it so that the organisation can face future
challenges effectively

Decision making: Decisions are made regarding the choice of alternative courses of action that
can be undertaken to reach the goal. The alternative chosen should be best among all, with the
least number of the negative and highest number of positive outcomes

Managerial
Function

Goal
Oriented

Decision
Making

- Planning -

Futuristic Pervasive

N\

Continuous
Activity

Intellectual
Process
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Planning Process

Define the problem or opportunity: Identify the current situation, the desired future state, and the gap
between them.

Analyze the situation: Gather relevant data and information, identify the root causes of the problem,
and assess the strengths, weaknesses, opportunities, and threats (SWOT) of the situation.

-

Generate alternatives: Brainstorm possible solutions or courses of action, and evaluate their feasibility,
effectiveness, and potential impacts.

~N

Define the

Select the best alternative: Compare and rank the alternatives based on criteria such as cost, benefit,
risk, and alignment with the goal or vision.

problem or
opportunity

Implement the plan: Develop a detailed action plan with specific tasks, responsibilities, resources,
timelines, and milestones. Execute the plan and monitor its progress and performance.

Analyze the
situation

Implement the
plan

Evaluate the results: Measure the outcomes and impacts of the plan against the predefined criteria and
indicators. Identify any deviations or problems, and take corrective actions if needed. Review and
document the lessons learned and best practices for future reference.

Select the best
alternative

Generate
alternatives
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Benefits of Planning

Planning helps you clarify your vision and purpose. By setting specific, measurable, achievable, relevant and time-bound
(SMART) objectives, you can focus on what matters most and align your actions with your values.

- Planning helps you manage your time and resources efficiently. By breaking down your tasks into smaller steps and
prioritizing them, you can avoid procrastination and waste. You can also allocate your budget, materials and human
resources accordingly.

- Planning helps you anticipate and mitigate risks. By identifying potential challenges and opportunities, you can prepare
contingency plans and backup solutions. You can also monitor your progress and adjust your plan as needed.

- Planning helps you communicate and collaborate effectively. By sharing your plan with others, you can get feedback,
support and buy-in from your stakeholders. You can also delegate tasks and coordinate with your team members to
achieve synergy.

- Planning helps you improve your performance and quality. By setting standards and criteria for your outcomes, you can
evaluate your results and learn from your mistakes. You can also celebrate your achievements and reward yourself and
others for their efforts.

- Planning helps you reduce stress and increase satisfaction. By having a clear plan, you can reduce uncertainty and
anxiety. You can also enjoy the process of planning and executing your plan, as well as the sense of accomplishment
when you reach your goals.

- Planning helps you grow and develop personally and professionally. By planning, you can challenge yourself to stretch

beyond your comfort zone and acquire new skills and knowledge. You can also reflect on your experiences and apply

your learning to future situations. i I
-
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Barriers Hindering Planning Process

4 N
Dynamic and Complex Environments: Changes in any of the elements of an organization's
task or general environments can radically alter the plans and obstruct the entire planning
process. ( Incidentally this also main reason to do Planning)

N\ Z
4 N
Reluctance to Establish Goals: Reluctance on the part of some managers to establish
goals for themselves and their units due to lack of confidence or fear or failure
N %
4 N

Lack of planning skills Planning is not natural a natural tendency for most of the persons
specially in current complex environment. Lack of understanding of planning
frameworks tools and methods also leads to poor attitude toward planning.

>Lack of an Appropriate 'Planning Climate : The lack of an appropriate 'planning climate <
within the organisation as a whole. There may be lack of top management support. The
manager’s superiors may, for instance, be perceived as being uncommitted or even hostile
to planning and to the use of objectives.

N %

>
Procedural inflexibility (which can weaken the effectiveness of planning) and continued
pressure on line managers to act quickly, so there is not sufficient time to prepare
effective plans, may create severe problems for those who have to forecast and act

\accordlng )
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Strategic Maintenance Planning

/ N/ N
Elements of Strategic
Strategic Maintenance
Maintenance Planning
Planning Process
\ /NG /
4 N/ N
Strategic Strategic
Maintenance Maintenance
Planning Planning
Deliverable Team
. /NG /
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Maintenance Alignment with Organizational Objectives

Gganization Objective\ / \

Asset Management objective Strategic Asset Management

» Profit Maximization Plans

> Availability and Reliability

Target values for Assets and i

» Market Share Growth 13 : > Plar41t Maintenance Strategy
Asset Portfolios Selection
» Equipment Life cycle cost i i

$ Customer Satisfaction .q .p ! Yy > Malnte-n;jmce Budgeting and
optimizations people skilling

. »Quality and Productivity » Maintenance Plans Executions
» Innovation and X :
Growth Targets ( Planning and Scheduling)

» Catering Future Production > Asset Performance

Demands Monitoring and Audits

> Social Responsibility » Continual Improvement
and Sustainability P
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Maintenance Alignment with Organizational
Objectives

/ \ / ] \ Asset Management Tasks
Organization Objective Asset Management objective

Break down Maintenance

»  Equipment Reliability Corrective Maintenance

» Profit Maximization

. . Preventive Maintenance
»  Risk reduction

>

>

>
> Market Share Growth »  Predictive maintenance
> Customer Satisfaction » > Defect Elimination > Proactive Maintenance

>

>

>

Spare parts Management

% Innovation and » Least operating cost

Maintenance Budgeting
Growth

»  Maximum Production Manpower Budgeting and

Skilling

» Social Responsibility . .
k and Sustainability Q Failure Avoidance J > Asset Management
Knowledge creation and
Management

N /
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Objective Hierarchies

K Approach A \ K Approach B \

v'Equipment Reliability
v'Risk reduction

v'Maximum Production

v'Least operating cost

v'Defect Elimination v Failure Avoidance
v'Failure Avoidance v'Risk reduction
v'"Maximum Production v'Defect Elimination

M.east operating cost J &/Equipment Reliability

v Systematic, They have overlapping work plans
for time horizons.

v" Drawing guidance from Lag and leading Key
performance indicator. They are more in control of
situations.

v Improved production -

www.reliamaint.com info@reliamaint.com 87



Asset Reliability And Maintenance Management 25-26 June 2025

Element of Strategic Maintenance Planning

SMP carried out to achieve Median & long-term

objective of Organizations. SMP are guided by organization Asset Policy

Stated, Implied, (may be conflicting) Exercise:

The Strength of SMP shall match level of risk of what is your plant’s Asset Policy

Equipment Failure

Element of
Strategic
Maintenance
Planning
The SMP shall abide by financial constrained but
make a case of cost optimization SMP should be documented at a level that is
The organization shall have consistent risk appropriate to the organization and the degree of
evolution methodologies and mitigation sophistication in its asset management approach.
approaches
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Strategic Maintenance Planning Objective

Reducing downtime and operational costs by preventing breakdowns and
failures

Improving safety and quality by ensuring compliance with standards and
regulations

Enhancing customer satisfaction and loyalty by delivering consistent and
reliable service

Increasing asset life cycle and value by preserving and improving their
condition -

Supporting strategic goals and objectives by aligning maintenance
activities with organizational vision and mission

180
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Strategic Maintenance Planning Process

Prepare a list of asset systems and their constituent assets, and gather information about them

- J

>
Identify risks: create a table of potential events and their impacts and includes risks to the delivery of the
organizational objectives

4 N

Identify risk controls that exist

- J
4 N

Analyze risks using appropriate process.

Evaluate the level of risk: estimate the likelihood and consequences for each potential event

- J

>
Evaluate the level of risk over time: where appropriate, establish whether the identified risks will change

over time, and how this will affect their consequences.
A\ J

>
Evaluate the tolerability of the risks (if any) are sufficient to keep the risks under control and to meet any
legal, statutory and other asset management requirements.

181

Strategic Maintenance Planning Deliverable

Maintenance objectives: The desired outcomes and benefits of maintenance activities, such as improving
reliability, availability, safety, performance, and compliance.

P

Maintenance scope: The identification and classification of the assets that are subject to maintenance, as well
as the criteria and methods for prioritizing and selecting them.

Maintenance approach: The definition and description of the maintenance tactics, techniques, and tools that
are applied to the assets, such as preventive, predictive, corrective, or condition-based maintenance.

Maintenance resources: The estimation and allocation of the human, financial, and material resources that
are required to execute the maintenance activities, as well as the roles and responsibilities of the
maintenance personnel and stakeholders.

Maintenance performance: The establishment and measurement of the key performance indicators (KPIs)
that are used to monitor and evaluate the effectiveness and efficiency of the maintenance activities, as well
as the identification and management of the risks and opportunities associated with them.

AN

Maintenance improvement: The identification and implementation of the improvement actions that are
aimed at enhancing the maintenance processes, practices, and outcomes, as well as the review and update of
the SMP based on feedback and lessons learned

J

182
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Maintenance Operational Planning... Simply Planning

4 N

Planning for
. Breakdown
Planning .
o Preventive and
Characteristics .
Proactive

Maintenance

\ AN
N

How to Write Planner
A Good Plan Competencies

\ N

Maintenance Planning Definition and Benefits

» More wrench time: By planning ahead, maintenance
workers can spend more time on actual repairs and

» The process of job planning encompasses verification of all less time on waiting for parts, tools, permits, or
aspects of the job to be done as well as identification of the instructions.
various input resources required to complete each job in an
orderly manner . » Work completion within estimates: By having a clear
plan and scope of work, maintenance workers can
» Planning is the process of determining the resources and avoid delays, rework, or scope creep that can increase
method needed to perform maintenance work efficiently and the cost and time of the project.
effectively. Planning Defines what and How. Planner develops a
work plan to repair or perform a CM or PM for asset the plan » Higher quality and reliability: By following a
include work description task sequence material and tool standardized and documented procedure,
requirement work crew skill set and safety requirement. maintenance workers can ensure that the work is
done correctly and consistently, reducing the risk of
> A work plan is the key deliverable of the planning process. This errors or failures.
area is where the most gains in productivity can be made
» Improved safety and compliance: By adhering to the
» Every hour invested in planning saves 1-3 hours in work best practices and regulations, maintenance workers
execution. can prevent accidents, injuries, or violations that can

harm themselves, the equipment, or the
environment.
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MAINTENANCE WORK PACK MINIMUM CONTENT

e DESCRIFTION CONMENTS
No
Job Plan The work flow process diagram of job milestones in line-of-sight detail

Skills / Comp

Bill of Materials for the job

12| Calculation Sheets

All Permits and Tags

went Forms

Failure Mode and Equipment
Health Report

185

Symptoms of Ineffective Planning

Maintenance people standing around waiting on parts

High rework

Poor work performance

High stockout in the storeroom

Planners being used to expedite parts

Maintenance personnel arriving at the job site and waiting for the asset / system to be shut
down (wait is over 15 minutes)

Frequent trips to storeroom by maintenance personnel

Production downtime always more than estimated
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Planning for Breakdown
Maintenance

maintenance approaching.

187

Planning for Breakdown
Maintenance

To the extend possible ready assemblies shall be kept for machines and shall used during breakdown rectification, faulty assembly can be corrected afterword.

Availability of common stock for replacement or diagnosis purpose shall be available at store and can be withdrawn with minimum efforts.

It is to be ensured that craftsman shall carry all required tool to equipment under breakdown and they have provision to carry all at a time.

A copy of Machine panel drawings, A set of fuse, relays and similar other provision can be kept in panel for quick diagnosis.

Tradesmen shall be trained for best approach to diagnosis common problems.

A machine operator with fair knowledge of equipment mechanisms can be serve as good resource for Fault diagnosis. Maintainer shall share knowledge with operators.

[Supervisorlshift in-charge must take electrical Isolation and other safety precautions.

Work-order shall be closed with all required details and maintainer or operator must provide feedback for quicker resolution or lesson learned.

All efforts shall be made to capture work order information and feedback in CMMS or otherwise computerized sheet.

A trigger for why-why analysis shall be embedded in work request/ workorder closer (e.g. Breakdown > x Hours or repeat break down)

—J U I J

[
[
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Planning for Preventive and Predictive Maintenance

Individual or group task time estimation with +- 15 % range.

Determine number of analyze craftsman and their respective skills.

Determine if Special tools , provisions , lifting- shifting arrangement required.

All relevant SOPs manuals, Drawings and report from Previous Preventive Maintenance shall be kept ready for ready reference

Machlne hlstory shall be reviewed to check break-down and preventive maintenance activities carried out earlier and if any work-order is

if subject equipment indicate any repetitive breakdown, due-diligence-Inspection or test shall be planed with preventive task List

Ensure replaceable spares consumable availability and reserve them for subject plan.

List of work permit, LOTO shall be part of work pack

For Predictive maintenance vibration pick up points shall be clearly Indicated on data Capturing Sheet.

— A A A A A A A A A A

[Llne up with external service provider with clear scope of work (As required)

189

Planning for Proactive Maintenance

Proactive maintenance task as generated as the result of RCA, CAPA and CBM Risk based Inspection or design out activities

Its predominately include new design, material Selections, procurement of spares, hiring services of external expertise, assemblies and trials. Due diligence shall be paid at
each step.

Once all prerequisites are ready and verified for “ as per design and quality attributes” , further process shall be developed for its execution.

Proactive maintenance jobs are as on of there own kind all care must be taken so not to miss any step or critical inspections/ observation. Planner must take help of
Supervisor or senior craftsman while preparing such procedures.

Individual or group task time estimation with +- 15 % range.

Determine number of analyze craftsman and their respective skills.

All relevant SOPs manuals, Drawings and report from Previous Preventive Maintenance shall be kept ready for ready reference

Line up with external service provider with clear scope of work ( if required)

Machine history shall be review to check break down and preventive maintenance activities carried out on equipment also if any other corrective order is pending against/
PM schedule is approaching.

if subject equipment indicate any repetitive breakdown in nature as informed by planner or otherwise, due-diligence-Inspection or test shall be planed with preventive task
List

Ensure replaceable spares consumable availability and reserve them for subject plan.

List of work permit, LOTO putting required signage and informing operators of nearby equipment shall be part of work pack

[ )
[ )
[ )
[ )
[ )
[ )
oeermin spctons oisos i iing arngement s ]
[ )
[ )
[ )
[ )
[ )
[ )
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Planner Competencies

Planning capabilities can be enhanced by ensuring the following:
ﬁre Competencies Required for\ > Employee involvement and roles. Educate all maintenance
stakeholders from a plant manager to the maintenance
technician in P&S process to ensure all players understand their
role.

> Itis recommended that a senior maintenance technician may
be assigned to the maintenance planners for few hours a day.
planning support job is a good practice.

» Maintenance planners must have a library of information
including equipment manuals, drawings, specifications, and
specific equipment manufacturer’s libraries.

> Planners shouldn’t perform additional duties such as temporary
or relief supervisors, safety or environmental representative.

» The planner is not a secretary or clerk. Planners shouldn’t
expedite parts for breakdowns or problems. Their responsibility
is to insure that future work is planned properly so it can be

Planner’s Work

> Fully certified to perform
relevant maintenance activities
e.g. applicable licenses, permits
and qualifications

» Sound and correct
understanding of equipment
reliability concepts

> Solid appreciation of risk
management strategy and
practices related to plant and
equipment

> Solid appreciation of quality

management methods and executed effectively.
practices related to plant and » Planned work package, should be reviewed by a craft

equipment supervisor to validate that the work package is do-able as
planned before scheduling

How to write Maintenance task description

[The planner shall visit the facility/ equipment where work is to be planned.

[Outline the task to done and list out provisions to be required for work completion Wherever warranted shall take help from senior craftsman or supervisor.

[ Use template to articulate the

[Safety Requirements

[Job sequence

[Job details

[ Spare part requirements

[Estimated times

[ Craft Trade wise Man Hours required

[ Drive Material and Manpower Cost as required

[AII efforts shall be made to provide methods of proof test against each task undertaken wherever applicable standard shall be provided with task list.

[To Possible extend these task list shall made modular and indexed for easy retrieval and reuse.

[ For repetitive task ( Preventive Maintenance) , feedback from previous works shall be suitably added to task list.

- JU U JU JU U JU _JC _JU _JU _JCL _JL _JL

[Effectiveness of these Plans shall be checked during work executions and work completion.
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How to write Maintenance task description

Duties

Performance Levels

GOOD

BETTER

BEST

Establish, maintain and improve the
Maintenance Planning and
Scheduling business flow process

Detailed flow diagram of
planning and scheduling
business processes with all
necessary interactions required
and persons involved

Process flow diagram steps
are explained in supporting
documents indicating the
performance criteria to be met
for each stage on the process

Fully documented quality system with
clearly established performance
targets, deadlines, outcomes,
responsibilities and authorities
identified for every stage and
everyone involved in the process

Scope the full extent of maintenance
work needed to conduct the relevant
repair / preventive / predictive /
design-out activities on the
organization's plant and equipment

Provide a work pack with job
planning sufficiently detailed to
prevent work errors, with all
equipment safety issues
highlighted to the technician and
the correct maintenance
documents and parts are
available so that the
maintenance work performed
returns machine condition to as-
good-as-new

Fully detailed and complete
job pack with clear measures
of maintenance work quality
with monitoring tests to prove
the work meets that quality.

All parts collected together in a
pre-assembled and checked
package made available to the
technician.

Top quality content work pack
covering all equipment safety,
reliability, parts condition and work
quality proof-tests so that the
maintenance work performed delivers
substantial equipment reliability
growth. Quality parts correctly
identified, pre-assembled, protected
and checked for correctness delivered
to the work front awaiting the
technician

Develop cost and time estimates of
planned maintenance work

Within 20% of actual job cost
and actual job time

Within 15% of actual job cost
and actual job time

Within 10% of actual job cost and
actual job time

193
Contingency Planning and Mitigation
4 N
Contingency Contingency
Characteristics Identifications
\_ /
R
Re-Evaluate ;
Situations and C:A?:ilgagsgﬁy
Preparedness
N
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Contingency Planning

-

A well-written equipment breakdown
contingency plan will provide a planned response
to recover from events that result in a forced
outage which impacts production and facility
equipment.

Generally these are of cases of too low
probability and very high impact.

Contingency plan is a plan of action for a
facility. It is intended to be used following
a forced outage when a natural disaster,
primary utility/services failure or
critical/key equipment failure causes an
unplanned loss of production.

Examples

Identification project can be allocated to Underground HT/ LT cable Failures
Engineers for initial work out and afterward can | Failure of Bottleneck Process
be refined by team of experts

Non availability of electrical supply from utility

\ provider /

195

Contingency Identification Process

4 N

List all critical utility and plant essential services; list every critical object in each department.

- J

>
For each key/critical equipment and service, try to determine what events, problems or trends could
potentially come up

Departmental team shall determine the process or business impact in case a negative event, problem or

occurrence takes place
. J

These departmental level contingencies shall be assembled in plant wide contingency list

It shall also check for business impact if some of these contingencies falls simultaneously

- J

A central team shall evaluate each contingency and quantify the risk as per predetermine methods or
procedure

4 N

A list of contingency with prioritization shall be workout for mitigation planning

196

www.reliamaint.com info@reliamaint.com 96



Asset Reliability And Maintenance Management 25-26 June 2025

Contingency Mitigation Process

Identify preventive controls: Measures taken to reduce the effects of equipment or service disruptions can
increase system availability and reduce contingency life cycle costs.
.

Create contingency strategies: Thorough recovery strategies ensure that production may be re-established
quickly and effectively following a disruption.

4 N\
The contingency plan should contain detailed and Specific guidance and procedures for efficiently repairing

or replacing damaged equipment or restoring services.

4 N

Contingency plans shall estimate the resource requirements and base calculations for management approval

The contingency plan should be a living document that is reviewed regularly and updated as required to
remain current with equipment enhancements and organizational changes

4 N\
Example of External Agencies Required, water, natural gas or other fuel source utility suppliers, Critical
equipment repair firms/contractors, /Server support

Example of External Agencies Required Original equipment suppliers Rental equipment sources

197

Material Planning and Maintenance Spare
optimizations

4 N N
Inventory Inventory
Policies of Classifications

Organization Methods

\_ /ANG /

4 N/ N
Risk- Cost-

Benefit for Standardization
Purchase of Spares
Decision

o /ANG )
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Inventory Policies of organization

/ACIear maintenance Inventory policies The Policy shall consider \
and th?r_eOf approval Procedures and « Organization Short term and long term Objective
authorities shall be defined . « Aging of Subject Assets

¢ Nature of Production process

(Inventory Management)
L Policies of organization)

Predominant mode of Maintenance or Maintenance Budgets
Maintenance Strategies

. /

199

Inventory Classification

ABC analysis : Usage Value (Consumption X price per unit )

HML analysis : High-Medium- Low unit price

VED analysis : Vital-Essential-Desirable. Criticality of the item

SDE analysis : Scarce-Difficulties-Easy (Procurement Difficulties)

GOLF analysis : Government Ordinary Local foreign source of procurement A

SOS Analysis : Seasonal -Off Seasonal ——

FSN analysis : Fast-Slow-Non Moving Material Consumption Sm—

XYZ Analysis : Total Inventory investment
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Risk- Cost-Benefit Analysis for Inventory Decision

RCM Analysis (FMEA Analysis) lead Spare policy = FMEA Sheet

BOM Analysis Individual component or component class shall be reviewed for failure
mode Frequencies Its vulnerability to production process. Hyperlink Excel Sheet

Past Consumption Data normalized to current production scenario.

Maintenance Material Budgets will also helpful for inventory decisions

(Keep strong methods to capture day to day data, their retention, and to act upon)

201

Standardization of Spares

Benefits of Standardization

Leverage purchasing power: Buyers benefit from suppliers’ economies of
scale as they have the purchasing leverage to order bulk quantities of
How to Standardize Spare

standardized spares and to obtain just-in-time support from suppliers.

Holding fewer inventories: Parts standardization offers reduced inventory New Equipment orders shall

levels because buyers can obtain the standardized parts directly from Include Brand and model of

suppliers as they are identified and already listed across supplier common components Say

websites/catalogues. Electricals, Hydraulic, Rubber items ,
Flexible piping , Electronics cards,

Cost reduction: Buyers can arrange for a spontaneous resupply of parts PLC Etc..

and materials from their suppliers whenever equipment downtime

occurs, which results in cost reduction. On quarterly Basis Target shall be
set to modified few machines to

Less mistakes while processing orders \a\dapt common spares /
Reduces events of Stockouts

Better know-how-of standard Spare ( Comparison to Multiple Variant)

202
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Staff and Craftsman upskilling Planning

4 N/ N
Maintenance Evaluate
task’s skills individuals for
Requirements skill set
\_ AN %
Plan trainings, Articulate Skill
Evaluate Gaps and
impact and Training Need
Reinforcement Identification
trainings (TNI)

203

Skill Evaluation process for Maintenance team

List out Major Skills and competency required to do Routine maintenance works, Preventive Maintenance

works Major repair works and Machine fault Diagnostics.
. J

>
Craftsman shall be evaluated for degree of Knowledge they have for a particular skill and accordingly
classified to say Hydraulics, PLC controls

4 N

The Skill gaps shall be identified as part of TNI Training Need Identifications

>
Monthly or Quarterly classroom/On Job training (OJT ) based training programs shall be conducted to
upgrade individual skills.

4 N

Craftsman shall be examined for theoretical and practical knowledge

4 N

As required “reinforcement-Training” shall be provided”:

Skill : Know- How to solve a problem; Competency Along with Know — How of problem solving the doer
must able to apply in real world situations.

204
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Knowledge body required for Equipment Maintenance

Team
/ \ mgineers & Supervisor \ / \
Craftsman v Des!gn consideration of '
v’ Bearing Maintenance . Equipment Maintenance Managers
v Bearing Fitment and removal Work Standards and
Practice precision Maintenance v’ Asset Management Frameworks
v’ Right Lubrication Practices ¥ Mechanical Fits and v Evaluate risk out of various
v' Mechanical drive maintenance L, Tolerance _ scenarios and setting the
v Hydraulic Diagnosis and Roo.t Céyse Angly5|s. ac.cer.JtabIe Ifevel of risk
maintenance v’ Reliability Engineering v Aligning Maintenance Strategy
v Pneumatic Controls v Elemgnts of Malntenaynce , W|th productfon requirements
v" Assembly/Disassembly procedures S, Plar.mlng and Scheduling Opt|ml{m Maintenance Strategy
v Leveling and Alignment of Maintenance Management for I?qupmen.t o
Machines System v' Design Machine Modifications
v Servicing/ Cleaning of Static v" Understanding of Lead v' Managing asset life cycles

equipment anc! Lag KPIs and .
\\ / Maintenance data analysis \\ J
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Maintenance Work Scheduling

4 N

Backlog
Scheduling Management

Characteristics Work

Prioritization

\ /
)

Manage Work '
Quality and Scheduling
Completion Methods

Feedback
.
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Scheduling Characteristics

Scheduling is a joint maintenance and operations activity in which maintenance agrees to make
resources available at a specific time when the asset can be also made available by the operations.

Scheduling ensures that resources — personnel, material and the asset on which the job is to
performed — will be available for maintenance at a specified time and place

The scheduling is a tool for lining up jobs waiting to be performed so that operations are best served
while maintenance also makes optimal use of its resources.

Production and Maintenance coordination maximizes the use of "windows of opportunity" to
accomplish work whenever and wherever equipment is not in use.

In selecting jobs for the Weekly Master Schedule, it must first be ensured that all preventive and
predictive routines are scheduled at their predetermined frequencies

Any jobs that cannot be scheduled to meet those dates should be discussed with the Requestor in the
context of other job priorities established by all attendees

Conflicts between internal customers must be resolved by their common manager in the optimal
interest of the overall operation.
207

Scheduling Principles

Doc Palmer, a noted authority in the area of Maintenance Planning and Scheduling, cites six basic scheduling principles:

Job plans shall provide necessary skills and respective man-hours for a task for effective scheduling.

Weekly and daily schedules must be adhered to as closely as possible. Proper priorities must be placed on new work orders to prevent
undue interruption of these schedules.

Scheduler develops a one-week schedule for each crew based on craft hours available, forecast that shows highest skill available, job
priorities, and information from the job plans. The one-week schedule assigns work for every available workhour. The schedule allows for
emergencies and high priority, reactive jobs by scheduling a significant amount of work on easily interrupted tasks. Preference is given to
completing higher priority work by under-utilizing available skill levels over completing lower priority work.

The one-week schedule assigns work for every available workhour. The schedule allows for emergencies and high priority, reactive jobs by
scheduling a significant amount of work on easily interrupted tasks. Preference is given to completing higher priority work by under-
utilizing available skill levels over completing lower priority work.

crew supervisor develops a daily schedule one day in advance using current job progress, the one-week schedule, and new high priority,
reactive jobs as a guide.

Wrench time is the primary measure of work force efficiency and of planning and scheduling effectiveness.

Schedule compliance is the measure of adherence to the one week schedule and it effectiveness

208
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Scheduling Scope

Bringing together in precise timing the six elements of a successful maintenance job: labor; tools; materials, parts
and supplies; information, engineering data and reference drawings custody of the unit being serviced; and the
authorizations, permits, and statutory permissions.

Matching next week’s demand for service with resources available after accounting for all categories of leave,
training, standing meetings, and indirect commitments, plus consideration of individual skills.

Preparation of a “Weekly Schedule” that represents the agreed upon expectation regarding planned work orders to
be accomplished with available resources. The schedule also assures that all preventive and predictive routines will
be accomplished within established time limits.

Consideration of alternative assignment strategies where the schedule assigns specific jobs to specific people

(allowing second-string players into the game to gain experience ... As(feasible).

Ensuring that responsible supervisors receive and understand the planned job packages for scheduled jobs.

209

Work Prioritization

4 N N

Critical safety-related items Immediate threat to safety of
and protective devices ° eople and plant s
o
I . . =4
Critical to continued L|m|t|r'1g op.eratlons ability to =
) , meet its primary goals ° )
production of primary product ) g.
x Creating hazardous situations -l =
Ancillary (support) system t° for people or machinery, g'
main production process although not an immediate ° (=4
th S
reat S
Stand-by unit in a critical °
system Will affect operations after sono
Other ancillary assets @ time, not immediately —

\\ / \_ Improve the efficiency of theo /
i 210
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Scheduling with CMMS/Project Tools/ XLS Sheets

* Project Management Tools

* Interaction of Different groups and the sequence and dependencies.
Resource requirements, Allocation Resources Loading and resource leveling.

* Excel or manual Works Provide Sheet/ Examples
* Scheduling Techniques

* GANTT Bar Chart. This technique shows the time relationship of job tasks in
terms of their chronology and simultaneousness.

* Two basic forms; Critical Path Method

* (CPM) or Project Evaluation and Review Technique (PERT). By identifying the
‘critical path”, both these forms depict the shortest elapsed time feasible for
completion of major projects. The importance of scheduling in this manner
increases as project complexity increases and on-time completion within
budget constraints become critical.

211

Managing Work Quality

Make a common briefing before start of the work the about safety precautions, work precautions and
critical activities of the work.

Follow all the task as per task list, Any task in-applicability or inability must be clarified with Planner/
HOD

Note down observations and confirm the proof test has been done. Collect values/ photos/ sketches.
As required by task document, inspection of critical-work shall be done by designated authority

Do not hesitate to consult Manual/ Diagram/expert whenever in doubt.

Maintained general house keeping and work organized, Assemblies , Spares Component must be kept in
way not mixed with similar assembly

The Likely Human error must be kept in mind and shall cross-checked/ supervised for same

During machine trials function observations must be corelated/ analyze with inspections observation and
if required new task can be created.

212
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Backlog Jobs/ Work Order Management

Lead-timework to be done must be identified as far in advance as possible so that the work backlog
is known and jobs can be plan effectively and completely prior to scheduling.

Accurate evaluations should be made of the priority of each job, given the perspective of the overall
operation.

Each job in backlog must be force ranked so that the most important jobs are always scheduled and
where possible, executed first.

Backlogs must be kept within a reasonable range. Backlogs below minimum do not provide a
enough volume of work to ensure smooth scheduling and effective utilization of all resources.

Backlogs above maximum turn so slowly that it is impossible to meet customer needs on a timely
basis. Consequently, they loose faith in the proactive approach and slip back into the reactive mode.

Special or heavy demands resulting in excessive backlog cannot be scheduled unless additional
resources are authorized or expected completion dates are relaxed.

213

Effective feedback and Documentation Completion

4 N Operations may fail to release equipment R
as previously agreed to

All required information as per task list must be Excessive emergencies. PA

submitted in clear terms Poor assignment of technicians. EE

Insufficient technician capacity. IC

- / Stock-outs are frequent SO

. . . N\ Planning packages do not reflect reality.
All proof test and final handing over trials values/ Parts are incorrect, job steps PP

Observation shall be provided Care shall be taken to
record all observations ( as Job progress and shall
submitted with Work orders, status / Photographs/
Sketches shall be provided to clarify the observations)

Any Delay on account of Planning shortcoming, Material
availability and similar incident shall be provided. Lesson
learned or deviations ( Cost, Labor Utilizations, delay
diagnostics) if happen shall be highlighted to take care in
future work

/
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Alignment of Planning and Scheduling processes

Planning shall be relevant and realistic so can be done efficiently and effectively.

The planner shall survey the site physically and make task accordingly

Planner shall accommodate previous relevant feedback and suggestion in work procedure

Planner shall join scheduling meeting for major works apart from provided detailed task pack.

maintenance supervisor shall provide all details as per work order closer format and other feedback.

Maintenance senior craftsman shall assist planner in developing the Maintenance plan, As many craftsman
shall be utilized to help planner so in turn they will also learn planning methods

Planning activities and work feedback requirement must be made clear to all maintenance levels and shall be
comply of.

Planner shall not be involved in day to day maintenance operation and always planned for next week

Planning and Scheduler must analyze maintenance delivery performance and work out to improve the same.

Planning and Scheduling Matrices

P
Percentage of planned work. This measure is the percentage of all scheduled jobs that have been planned. It assumes that all
parts, procedures, specifications; tools, drawings, etc., have been identified before the job is scheduled. The benchmark is 90%.

J/
N

Percentage of schedule compliance. This measure is the percentage of work accomplished that is agreed upon or on the weekly
schedule.

A\

>
Percentage of time that kits (materials and parts) are delivered on time. This measure is calculated as the number of times the

kits (material and parts) were delivered on time divided by the total number of kits delivered. This percentage affects the
planner’s ability to plan jobs properly. Expediting parts adds unnecessary and wasteful cost to the P&S process.

N

>
Percentage of time the right part (s) is delivered. As part of the planning process, planners and schedulers should have the

confidence that a specific vendor will deliver the right part when required. Otherwise this problem could create a delay in
performing the work. The benchmark is 99.0% or higher.

J

<

Percentage of work from a formal work PM/CBM. Most work should come from identifying the degradation of a component or

asset far enough in advance of any PM/CBM tasks that the job can be planned and scheduled properly, thus minimizing
unexpected delays and production loss.

N

-

Percent Rework. This measure is the percent of work orders requiring rework. Each organization needs to define what rework
means to them. It may differ from one to another organization. The benchmark number is less than 2%.

A\
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Key Performance Indicator

[Availability Hrs (Equipment wise+ line wise)

[Availability % (Equipment wise+ line wise)

[ MTBF (Equipment wise+ line wise)

[MTTR (Equipment wise+ line wise)

[Reliability Prediction based on failure rate ( Equipment or Line wise)

[Fault code wise line Up ( Equipment wise, Section wise)

[Remedy code wise line-up (Equipment wise, Section wise)

[Total Cost work Order wise (include Man-hour and Material Cost)

[Total Cost Equipment wise( for a given period)

[Total Cost for selected Equipment ( for a given period)

[Material Cost work Order wise (include Man-hour and Material Cost)

[Material Cost Equipment wise( for a given period)

N WD | U | WD | W | U | W | U | W | U | W | W | W

[Material Cost for selected Equipment ( for a given period)

Key Performance Indicator

[Manpower Cost work Order wise (include Man-hour and Material Cost)

[ Manpower Cost Equipment wise( for a given period)

[Manpower Cost for selected Equipment ( for a given period)

[ How many corrective Oder generated vs Corrective order Closed (for a Given period)

[ How many CAPA order generated against CAPA orders Closed.

[Productivity Total Hrs. work done/Total hr. Availability.

[ BD hrs % Against Total hr.

[Corrective hr % Against hr.

[ Preventive Hr % AGAINST Total hr Available

[Craftsman Competency Quotation ( Ratio of Avl/ desire)

[Due Calibrations

[Critical Spares reorder level

« Jo J _JC _Ju JC JC JCU _JU _JCU _JU _JC _JC

[Energy Monitoring for Plant Equipment
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Q & A SESSION
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