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Trainer

Andy Mellor BEng. MSc. Managing Director,
Pragmatic Maintenance and Reliability, started his
condition monitoring journey as a sponsored
student with British Steel Research in 1986. From
1989 to 1993 he was a research engineer,
evaluating and applying monitoring technologies in
the UK steel industry, including the use of acoustic
emission for the offline monitoring of work roll
bearings.

Moving to Teesside works in 1994 he implemented
vibration monitoring across all departments of the
works and allied sites. In 1998 he joined AV
Technology. After spending a year at Humber
refinery as an interim technical specialist, where he
managed the reinstatement of a centralised
monitoring team, he rose to become a Senior
Consultant, diagnosing problems with and
providing in-situ balancing services for offshore oil
and gas compressors and generation sets, as well
as troubleshooting a variety of onshore machinery.

Leaving AVT in 2010 he founded Pragmatic Maintenance and Reliability,
initially working on a freelance basis, solving vibration problems in the UK
North Sea, offshore West Africa and the Arabian Gulf, leading the
implementation of a condition monitoring programme across the Seafield
and Almond Valley sewage works and balancing one of the 787 tonne
flywheel generators at the UKAEA’s Culham JET Fusion site.

This training course was born out of his master’s thesis, which won
Manchester Universities Maintenance Engineering and Asset
Management’s course prize in 2008 and has since been successfully
delivered in a range of industrial contexts from paper to metals and food to
defence.

Andy is an ISO certified Cat |V Vibration analyst and has extensive practical
experience of thermography, oil analysis, passive ultrasound, acoustic
emission and motor current signature analysis.



Module Breakdown

01
02

03
04
(01
06
07
08
09
10A
10B
10C
10D
10E
10F

Condition Based Maintenance, Awareness, Management and
Applications

Introduction to maintenance strategies

Introduction to condition monitoring and condition based maintenance
Introduction to industrial reliability improvement

The Pragmatic process for condition based maintenance
Reducing maintenance costs through condition monitoring
Planning for success in CBM

Balancing in-house, outsourced and online approaches
Industrial reliability improvement workshop

Root cause failure analysis (RCFA)

Operator and maintainer visual inspection

Vibration analysis

Oil analysis

Thermography

Motor current signature analysis

Accoustic emission and ultrasound



Objectives

Relevance & Overview

Course Objectives

Participants will have gained an understanding of key concepts pertaining to condition
monitoring and condition-based maintenance and will have a basic knowledge of the
commonly applied technologies, including vibration monitoring, thermography,
ultrasound and oil analysis.

Relevance

Condition based maintenance is an increasingly used strategy for maintaining industrial
assets, offering significant cost benefits when compared to time-based preventative
maintenance and run-to-failure strategies.

Overview

To maximise these cost benefits a structured approach is required, and this course
provides a tried and tested process which applies to any industry, providing maintenance
managers, engineers, and planners with the conceptual and practical knowledge to
implement successful condition monitoring and condition based maintenance
programmes.

The course covers important topics such as; when to apply condition based maintenance,
how often to monitor assets, how to choose between different data collection methods,
including online / cloud monitoring, the role and limitations of Al approaches, the
requirement for consistency in data collection, how to set alarm and limit values, the
importance of failure / root-cause analysis to secure feedback and create opportunities
for continuous improvement of asset reliability and reductions in maintenance cost.

Optional modules cover a variety of condition monitoring technologies. Delegates can
select a mixture of these that are appropriate to their assets.



Modules 1-3

The Purpose of Maintenance. What constitutes a
failure?

Maintenance strategies:
* Run to failure

* Time / usage-based
e Condition based

* Failure finding
* Design-out

Reliability centred maintenance logic
Duration: 2:00 TPM / operator driven maintenance.

Prerequisites for condition-based maintenance.

The P-F interval concept and its relationship with
criticality.

Trendability.

Condition monitoring vs condition inspection.

Availability, reliability, mean time to failure.

Burn-in, random and wear out failure
distributions. Weibull Analysis

The relationship between installation quality,
loading roughness, physical failure mechanisms
and the P-F Interval.

Continuous Improvement.




Modules 4-6

The Predictive Maintenance Process

Routine Monitoring & Corrective Action

& Long-Term Anabysis

Duration: 1:00

Duration: 2:00

Criticality analysis & prioritisation.
Technical analysis, FMESA

Set-up

Routine monitoring:

¢ Data collection

* Screening, diagnosis and prognosis.

* Feedback loops, long-term, and short-term
review

A look at the hype and reality of claimed cost
savings. A robust process to calculate cost
savings. Practices that secure a sound return
on investment.

Making the case for investment in condition-
based maintenance.

The benefits of planned maintenance.

The relationship between P-F intervals and
planning horizons.




Modules 7-9

What is Competence?

¢ Inhouse monitoring

e Outsourced monitoring

e Mixed approach

e Online monitoring
The use and current status of Al in screening
and analysis.

I-..+ Bathtub Curve - Cures
Defect Elimination
Preciion Maintenance & Rstallation  pafacy Bimination
it R Using CM technologies for:
Precinion Installation

£ e Early life management

§ e Mid-life management

5 e Obsolescence / end of life

management

Different approaches to RCFA
Cause and effect

Using condition monitoring information in RCFA

Change / difference analysis

Convergent vs divergent thinking
When to stop

Devising and implementing solutions




Modules 10A-10B

“ How to structure information in the workplace so
| inspections are easily carried out and the results
of inspections are actionable.

Ve 5.1 § wtrum STAGE 3 Bearing Defect

What is vibration?

How is it quantified?

Vibration measurement equipment.

How do vibration sensors work?

The influence of sensor mounting on accuracy.
Vibration signal processing.

Vibration data plots.

Machinery faults versus vibration signatures.

Where to measure vibration?

Vibration standards and setting limits.

Duration: 3:30 ..

Case histories.




Modules 10C-10D

Oil viscosity and its measurement.

The make-up of lubricating and hydraulic oils.
Elemental spectral analysis of oil.

Oil oxidation: Causes, consequences, tests.
The role of bases in engine oils.

The effect of water and particulate
contamination on component life.

The relationship between metallic wear and
particle concentrations.

Tests to detect ferrous wear.
Safe and accurate oil sampling.
Oil sampling frequencies.

Visual inspection whilst sampling
Interpreting lab reports.

Contamination control in lubrication.

What is Infra-Red radiation? (IR)

How IR cameras Work.

Camera palettes and image presentation.
Selecting the camera range.

The importance of focussing.

Distance, image resolution and accuracy.
Emissivity and reflectivity.

Reflected ambient temperature.

Applications — mechanical, building, process,
electrical.

Safety considerations.
Qualitative vs quantitative thermography.

Limits and standards for electrical IR.




Module 10E- 10F

Introduction

AC motor construction

Making motor signature measurements
Rotor bar fault detection

Eccentricity detection

A 'y Mechanical fault detection

Duration: 3:0

What are acoustic emission (AE) and
ultrasound (UE)?
Processes that generate AE and Ultrasound
Features of AE and UE instrumentation
Applications with case histories:

e Compressed air leak detection

e Steam Trap monitoring

e Bearing monitoring

Duration: 2:00 * Slow-speed machinery
* Electrical disharges

Who should attend > Engineers involved in applying or using condition
monitoring or condition based maintenance.
Maintenance Engineers and Planners. Reliability
Engineers, Production Managers.

Pre-requisites > Some familiarity with the management of

maintenance in an Industrial, Utilities, or Building
Management setting is useful.

Cost > Please contact us for course cost.




Schedule &

Results

Schedule

[ Day 1 M Modules1to5

Day 2 + Modules 6-8
&

Day 3 M Modules 10A-10C

‘ A
\%r Day 4 B Modules 10D-10F

Results

-~

Be able to identify where condition based maintenance can be successfully applied and
where it cannot.

Be able to identify relevant technologies for a given asset.

Be able to identify a suitable monitoring / inspection interval for a given technology /
asset.

Be able to manage the implementation of condition based maintenance using the
Pragmatic process.

Understand how to leverage condition monitoring / condition based maintenance to
drive improvements in Asset reliability and availability, reduced maintenance costs,
and improved labour utilisation.
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