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Intreduction

The use of the Airbome and Structure-borne Ultrasound method in condition monitoring has become a
key activity in predictive maintenance programmes for many industries. The effectiveness of this
technology depends on the capahbilities of individuals who perform the measurements and analyse lhe
data. This document is appended to CM/GEN (General requirements for qualification and PCN
cerlification of condition moniloring and diagnostic personnel). Other Appendices cover:

Appendix A Acoustic Emission

Appendix B Infra-red Thermography

Appendix C Lubrication Analysis

Appendix D Vibration Analysis
This series of documents is designed to provide comprehensive information for users of the PCN
Scheme, The complete list of published PCN condition monitoring documents is detailed in publication
reference PSL/BA-CM, which Is posted on the Institute's web site at www.bindl.org, where all documents
are available for download free of charge.

It is intended, through publication of these documents, to provide industry, PCN candidates and
certificate holders with all relevant information. However, if further information or advice is reguired on
any certification matter, contact the Certification Services Division of BINDT on telephone number +44
(0} 1604 893811, or email pen@bindt org.

Organisations requiring to be in possession, at all times, of the most up to date PCN documents may
register with the "PCN Update Scheme" which, for a small annual fee, guarantees that they automatically
receive all new and revised PCN documents.

1. Scope

1.1. This appendix to PCN CM/GEN sets out the specific reguiremenis for qualification and
assessmen! of personnel engaged in asset condition monito sing Ultr
eguipment. In the event of a conflict between the requirements of PCN CM/GEN and
this Appendix, the PCN CM/GEN requirements shall prevail.

1.2.  This specification is in accordance with |1S018436-8, Condition monitoring and
diagnostics of machines - Reguirements for qualification and assessment of personnel
Part 8: Ultrasound.

1.3.  Cerlification to this specification will provide evidence of the qualification and
competence of individuals lo perform Ultrasound measurements and analysis using
appropriate sensors and equipment.

2. Classification of Personnel
2.1. General

21.1. Individuals certified in accordance with this specification are classified in one of
three categories and have demonstrated the necessary skills in using
Ultrasound for condition monitoring to the calegory as indicaled in the
examinalion syliabus at Annex A.

21.2. Personnel classifled as Category 2 require all the knowledge and skills
expected of personnel classified as Category 1, and personnel classified as
Category 3 require all the knowledge and skills expected of personnel classified
as Calegory 2.

2.2, Ultrasound Category 1

PCMN certificated Ullrasound Category 1 personnel are qualified to perform Ultrasound
measurements according to established and recognised procedures and shall be able
to:

221, apply a speciiied ultrasound measurement technigue; however, persons
classified as calegory 1 shall not be regarded as competent lo choose lhe lesl
method or technique used,
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2.2.2.

223.

224,

225
2.2.6.
2.2.7.

2.2.8.

set up and operate the ultrasound equipment for safe ultrasound data
collection;

verify the integrity of collected data and prevent or contrel poor data and error
sources;

perform basic faull delection, severity assessment, and diagnosis in
accordance with established instructions;

record and categorise the results and trends;
maintain a dalabase of resulls and trends;

evaluate and report test results in accordance with instructions highlighting
areas of concemn,

recognise and prevent or control factors that result in the acquisition of poor-
quality data.

Category 1 certificated personnel shall not be regarded as competent to choose the test
method or technique lo be used nor lo assess the tesl resulls,

23 Ultrasound Category 2

Individuals cerlificated as ultrasound Calegory 2 are qualified lo perform and/or direct
ultrasound analysis according to established and recognised procedures and are
aware of the limitations of the ultrasound method. Category 2 personnel shall be able

Lo
2.3.1.

232
2.3.3.
234,
235

2.3.6.

2.3.7.

238
2.3.9.

select the appropriate ultrasound measurement lechnigue and understand its
limitations;

specify the appropriale hardware and software;

set up and verify equipment settings:

apply ultrasound theory and technigues where no procedures exist;

measure and perform diagnosis of ultrasound signals inclusive of amplitude,
frequency, and time domain analysis;

classify and evaluate the test results (including acceptance tests) in
accordance with applicable codes, standards, specifications, and procedures;

prepare reports on equipment condition fault diagnoses, recommend
appropriate corrective actions, and comment on effectiveness of repairs;

provide technical direction to ultrasound maonitoring personnel al calegory 1;

be aware of the use of allernative or supplementary condition monitoring (CM)
technologies.

24, Ultrasound Category 3

Personnel certificated as calegory 3 are gualified lo perform and/or direct all types of
ultrasound measurements and analysis and shall be able (o

24.1.

242
243

244,
2.4.5.
2.4.8.

CMIGEM Appendix F Iss.1

apply ultrasound theory and technigues, including measurement and
interpretation of survey results such as amplitude, frequency, and time
domain processing;

understand and perform data analysis, including limitations;

determine the ultrasound data acquisition systems and component
assemblies required,

use non-standard techniques for ultrasound monitoring and fault diagnosis;
interpret and evaluate standards, codes, specifications, and procedure;

develop and establish ultrasound programmes, procedures, and instructions
including determination of the requirement for periodic/continuous monitoring,
frequency of lesting, elc
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2.4.7. determine severity assessment acceptance criteria for new, in-service, and
faulty equipment;

2.4.8. measure and perform more advanced diagnosis and prognosis of ultrasound
signal analysis with amplitude, frequency, and time domain;

249, recommend the use of alternative or supplementary condition monitoring
{CM) technologies;

2410, provide guidance to supervise and instruct category 1 and 2 personnel.

Mota: it is the employer's responsibility to ensure that category 3 personnel have the necessary competancy in the
required managemenl skills, for example creating budgets, preparing cost justifications, and management
personnel development.

3. Eligibility for Examination and Certification

3.1

3.2

General

Candidates should have a combination of education, training and experience to
ensure that they understand the principles and procedures applicable lo Ultrasound
measurement and analysis.

It is advised that all candidates utilising instrumentation with headphones should be
given hearing examinations lo ensure nalural or correcled hearing aculty exisls in al
least one ear. A record of the results should be retained and presented to the
assessment body upon request. The individual should be capable of hearing a
standard pure tone audiometry with resulls of an average of 25 dB hearing level or
lower. This examination should be administered upon initial certification and upon
recertification. The examinations shall be adminislered by a licensed professional and
a record of the test made avallable to the assessment body upon request.

Note: BINDT holds the right to request proof a hearing examination has been carried
out to the above specifications.

Education

Candidates seeking cerlification do not need to provide evidence of formal education
to establish eligibility. However, it is recommended that Category 1 and 2 candidates
have at least a secondary schoal graduation diploma or its equivalent. Category 3
candidates shall be able to manipulate simple algebraic equations, use a basic
sclentific calculator (including logarithmic functions), and be familiar with the operation
of personal computers. Successful completion of two or more years of mechanical
technology or mechanical engineering at an accredited college, university or technical
school is highly recommended for candidates seeking certification to Category 3.

3.3 Training

331 To be eligible to apply for examination based on this Specification, the
candidate shall provide documentary evidence of successiul completion of a
BINDT approved or recognised course of formal training, which will be based
on the requirements of Annex AZ. Sources of technical information are listed in
Annex B. The minimum duration of training required shown in Table 1.

BINDT allows a maximum of 50% self-study or on-line training for lopics
consistent with Annex A2 and as specified by the approved trainer (CMGEN
refers).

3.3.2 Approved training should be in the form of leclures, demonsirations and
practical exercises. The approved fraining shall include examinations to ensure
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that the subject matter has been understood and that they have successfully
completed the training.

Training may be modularised into two or more subject areas covering general scientific
principles and application-specific knowledge in order to allow mutual recognition between
non-destructive testing (NDT) and condition monitoring assessment bodies,

TABLE 1. Minimum Duration of Training (hours)

Category 1 Category 2 Category 3
32 64 96

The hours shown represent cumulative totals of training hours for each Category,

3.4 Experience

341 To be eligible to apply for certification the candidate shall provide evidence of
experience in the field of Ultrasound condition monitoring appropriale to the
category sought. The minimum experience requirements are shown in Table

3.4.2, Cerification at Calegories 2 and 3 requires previous certification at the lower
categories

34.3. For the purposes of renewal, the candidates must maintain a log of hours and nature
of work on PCN document CP16-CM for all categories.

TABLE 2. Minimum Cumulative Experience Requirements (months)
Category 1 Category 2 Category 3
6 12 36
4. Certification Available

4.1 Category 1 (Airborme and Structure-borne Ultrasound Condition Monitoring)
4.2 Category 2 (Alrborme and Structure-borne Ultrasound Condition Monitoring)

43 Category 3 (Airborne and Struclure-borne Ultrasound Condition Menitoring)

5. Qualification Examination
5.1 Application for gualification examinations

5.1.1  Application for initial gualification examination is made on PCHN form PSL/57-
CM and supported with PSL/33-CM and PSL30-CM where reguired.
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52 Examination content (Theory and practical knowledge)

5.2.1

522

For each certification Calegory, candidates will be required to answer the

number of multiple choice guestions indicated in Table 3.

A number of questions on the Category 3 examination paper may consist of
narralive guestions. Category 3 examinations may include faull diagnosis,
prognosis and solution recommendation content.

Table 3 — qualification examination content

Categories MNumber of Time Passing Grade
Questions (Hours)® %
Category 1 60 20 70
Category 2 60 20 70
Category 3 60 2.0 T0

* 30 minutes additional time may be allowed to assist candidates with English as a

second

CMIGEM Appendix F Iss.1

fanguage or any disability.

5.24  The content of the examination paper shall contain multiple-choice
questions for each subject in Annex A2, and in the same weighling as
indicated by the percenlage of lime spent on each subject indicaled in Annex
A2, together with the indicated narrative guestions in the case of Category 3.

525 Questions will be of a practical nature and will test the candidate's
knowledge of the principles and procedures required to conduct Airborne and
Structure-borne Ultrasound condition testing and analysis.

526 Questions may include the interpretation of practical data and simple
mathematical calculations using a basic scientific calculator may be required.

Gof 18 1% April 2022



Annex A1 Training Syllabus Heading

Hours of training

Subject Category 1 Cateqgaory 2 Category 3

1 Principles of ultrasound 3.00 2.00 1.00
2 Generic equipment knowledge 1.50 1.00 1.00
3 Dala acqguisition in ultrasound 2.50 1.00 1.00
4 Data storage and management 1.00 2.00 2.00
5 Condition monitoring principles 1.20 1.00 1.00
B Applications lo machine systems | 17.00 17.00 16.50
7 Severity determination 2.00 4.00 4.00
8 Programme implementation 0.50 0.50 1.00
9 Reporting and corrective action 0.50 1.00 2.00
10 Personal safety 0.50 0.50 0.50
11 Training examination 2.00 2.00 2.00
Total hours for each category 32 32 32
CMIGEM Appendix F Iss.1 Tol18
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Annex A2 — Detailed list of topics and hours of Instruction

" Durations "~ Recommended Sub-Topics
In hours
Ref | Subject Catl Catll Cat Category | sub-topics Category Il sub-topics Category Il sub-topics
i
1 Principles of 3.00 2.00 1.00
ultrasound
1.01 | Basics of sound . - — | Be aware of the basics of sound.
Infrasound/Audible/Ultrasound.
Relationship between Velocity,
Frequency and Wavelength V=AT
Wavelength and barriers to
transmission
1.02 | Sound wave motion . — — | Be aware of sound wave motion
longitudinal vs. transverse
motion.
Mon-continuous motion
1.03 | Acouslic impedance . . B Be aware of acoustic impedance | Recognise acoustic Understand acoustic
and its influence on Refleclion impedance and ils influence impedance and ils influence
and Transmission at a boundary | on propagation and on propagation and
between two different materials attenuation attenuation
Be awara of attenuation Be able to identify where
caused by material interfaces. | material changes will cause
Understand how material measurement problems and
changes will affect develop improvements.
measurements Be able to identify and
calculate attenuations caused
by material interfaces and
changes.
1.04 | Inverse distance law . — — Be aware of the inverse distance | Understand how reflections
law may limit the losses from
Conclude thal an airborne distance
measurement MUST have a
distance associated with it
1.05 | Whal produces . . . Be aware of how friction, Be familiar with how friction, Understand how friction,
ultrasound turbulence, and impacting lurbulence, and impacting lurbulence, and impacting
produce ultrasound produce ultrasound and produce ultrasound and
CM AE Issue 2 rev D Gof 18 1" October 2015




where they apply
Understand that multiple
defects can occur together

where lhey apply

develop broader application
range based upon the
fundamentals

1.06 | Properties of the decibel

Be aware of the properties of the
declbel

Cannot multiply or divide
decibels.

Decibels are comparative
numbers and need a reference.
+6dB is a doubling in voltage
amplitude

Uinderstand the properties of
the decibe|

Be able to express a decibel
as a ratio and vice versa.
Uinderstand Crest Factor
calculation with dBs

2 Generic equipment 1.50 1.00 1.00
knowledge
2.01 | Instrument operation . . . Be aware of instrument operation | Be familiar with instrument Understand instrument
and function and function, aoperation and function operation and function
Sensors, signal conditioning, Be able to show CAT1 and Understand and instruct on
processing and perhaps storage | lower users how to operate how settings can change
measurements
2.02 | Airborne sensors . . . Be aware of the different types of | Be familiar with airborne Understand airbome sensors
airborme sensors for use in SENS0rs Inspect sensors for defects
different circumstances. Be able lo seleci sensors and | and instruct users on besl
Be able to inspec! sensors for methods for appropriate usage praclice
signs of damage. application.
2.03 | Structure-bome sensors . . . Be aware of the different types of | Be familiar with structure- Understand structure-borne
conltact sensors for use in borne sensors. SENsors
different circumsiances. Be able lo select sensors and | Inspecl sensors lor defects
Be able to inspect sensors and contaclt methods for and instruct users on best
cables for signs of damage. appropriate application. usage practice
2.04 | Heterodyne principle . . . Be aware of the use of Be familiar with the Understand the heterodyne
and application heterodyning. heterodyne principle and principle and application
Making the inaudible, audible. application If your instruments have
Varying the mixer frequency can | Understand that by changing | variable frequency, ensure
change instrument sensitivity the mixer frequency it is that users always know which
possible to allow sub-20kHz frequency to use
audio into the measurement
CMIGEN Appendix F Iss.1 Sof18 1" April 2022




2.05 | Sensitivity validation . . — | Be aware of sensitivity validation. | Be familiar with sensitivity
Be able to follow a sensor validation
validation procedure Be able to develop and
document this procedure and
to arrange OEM calibralions
3 Data acquisition in 2.50 1.00 1.00
ultrasound
3.01 | Principles of data . . — | Be aware of principles of data Be familiar with the principles
acquisition acquisition. of data acquisition
Be aware of different types of Are we measuring the right
measurement: RMS, Peak, Crest | parameter?
Factor, Time Signal, Spectrum Understand the influence of
operating variables such as
machine speed on
measurements.
Understand different types of
measurement: RMS, Peak,
Crest Factor, Time Signal,
Spectrum.
3.02 | Sensor positioning . - — | Be aware of sensor positioning: Understand sensor
Airborne sensors are directional, | positioning. Be able to
contacl sensors need to be recommend various
perpendicular to the surface inslallation and measurement
methods
3.03 | Competing ultrasound . - . Be aware of competing Be familiar with competing Understand competing
and shielding ultrasound and shielding ultrasound and shielding ultrasound and shielding
technigues technigues. technigues. technigues
Always listen to your data - is Be capable of developing Identify likely sources and
what you hear, what you expect | correclive procedures design barriers to ease
to hear? problems
3.04 | Measurement of . . . Be aware of measurement of Be familiar with the Understand measurement of
ultrasound ultrasound - a measurement of measurement of ultrasound ultrasound
RMS amplitude may not be Be able o explain RMS, Understand how on-line
enough Peak, Crest Factor. systems can be helpful.
When and how to use them
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3.05 | Capturing time domain . . . Be aware of capturing time Be familiar with capluring Understand capturing time
and spectrum signals for domain and spectrum signals for | time domain and spectrum domain and spectrum signals
analysis analysis. signals for analysis for analysis

Understand that the time signal Understand the significance Understand the benefits of
should be what you are listening of sample time to oversampling to datla caplure
to, and the spectrum is derived measurements

fram that.

4 Data storage and 1.00 2.00 2.00
management

4.01 | Developing and using a . . . Be aware of databases. Be able to develop and use a | Understand developing and
database Understand the need for database. using a database

consistency Create a small database, Primary respansibility for
move tree elements inside database creation -
that database understand the need to
interrogate the dalabase for
Reliability data
4.02 | Managing stored data . . . Be aware of managing stored Be familiar with managing Understand managing stored
data. stored data. data
Understand the need for data to | Know how lo back up and to | Consider ways of pruning
be representative of the operating | restore data database tress for more
conditions efficient operation. Be able to
remove old machines and
unwanted data from the main
dalabases

4.03 | Detect and correct — - . Be aware of bad data. Be able o detect and correct | Understand detecting and
anomalies bad data is a distraclor - identify | dala anomalies correcling data anomalies

clipping know how to remove bad continue to train inspectors to
data from a database and improve measurement guality
organise replacement
measuremenis

5 Condition monitoring 1.50 1.00 1.00
principles

5.01 | Whal is condition . — — | Be aware of CM and why Is it
monitoring and why is it useful
useful
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5.02 | Other CM Technologies . . . Be aware other CM lechnologies | Be familiar with range of other | Be familiar with and be able
axist CM Technologies: E.g., o apply other CM
Vibration Analysis (VA), Technologies: E.g.. Vibration
Infrared Thermography (IRT); | Analysis (VA), Infrared
Acoustic Emission (AE); Thermography (IRT);
Lubricant Management (LM) - | Acoustic Emission (AE);
tribology and wear debris Lubricant Management (LM) -
tribology and wear debris
5.03 | CM with ultrasound . - — | Be aware of why and when
ultrasound would be useful as a
CM technique.
Come back to Friction, Impacting
and Turbulence
5.04 | Acceptance testing . . . Be aware of acceptance testing. Be familiar with acceptance Be able to develop
New and newly repaired assels testing acceptance testing
are very likely 1o fail procedures
5.05 | Benchmarking — . . Be aware of benchmarking. Be familiar with Be able 1o develop
Performance comparison can be | benchmarking. benchmarking processes
very useful Understand the need for
consistenl measurements for
comparison
6 Applications to 17.00 17.00 16.50
machine systems
6.01 | General leak detection . . . Be aware of general leak Be familiar with general leak | Be familiar with leak
delection: identifying faults detection: identification of detection: identification of
including: turbulence and flow faults including; turbulence faults including; turbulence
What is a leak? and flow, directionality, and flow, directionality,
Energy losses and Reliability measurement precautions, pressurized gases and
applications. pressurized gases and compressed air, vacuum,
The importance of controlling compressed air, vacuum tightness testing using the
distance, angle and sensor used. | Running an air leak deteclion | ullrasonic tone method
What does a leak sound like? programmae
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6.02

Valve Inspection

Be aware of valve inspection: the
need for valve assel
management.

Defect detection including:
blockage, passing and cavilation
What are the practical detection
limits?

Small overview of valve designs.
What the different defects sound
like

Be familiar with valve
inspection; defect delection
including; blockage, passing,
cavitation etc,

Running a valve inspection
programme

Be able lo develop valve
inspection procadures: defact
detection including; blockage,
passing, cavitating etc.

6.03

Steam lrap inspeclion

Be aware of sleam trap
inspection:

The importance of steam traps
(e.g.. condensate & gas removal,
risk of water hammer) The need
to manage them,

Small overview of trap designs.
identification of faults using
ultrasound.

Whal the different defecls sound
like.

Be familiar with steam trap
inspection: identification of
faults using ultrasound, using
ultrasound in combination
with temperature, reporiing
technigues

Running a sleam trap
inspection programme.

Be able 1o apply sleam trap
inspection: identification of
faults using ultrasound, using
ultrasound in combination
with temperature, developing
reporting techniques.

6.04

Electrical inspectlion

Be aware of electrical inspection:
Understand that not all defects
generale heal.

Be aware of faulls including,
Corona, tracking, arcing, partial
discharge etc.

Overview of defect generation
and severity.

Be aware what the different
defects sound like.

Be familiar with electrical
inspection.

Be able lo idenlify faulls
including; Corona, tracking,
arcing, partial discharge etc..
Working with LY, MV & HY
Running MV and HY
inspection programmes.

Be able lo apply electrical
inspection: ldentification of
faults including, Corona,
lracking, arcing, partial
discharge etc.. Develop
procedures for working with
LV, MV & HV.
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6.05 | Hydraulic sysiems Be aware of hydraulic systems Be familiar with hydraulic Understand hydraulic
inspection inspection: systems inspection: Detection | systems inspection: detection
How hydraulics works and how of faults in; Cylinders, valves, | of faults in; cylinders, valves,
they generate Ultrasound. pipework, and pumps etc, pipework, and pumps etc.
detection of faults in; cylinders, Running inspections on
valves, pipework, and pumps etc. | hydraulic cylinders
6.06 | On-condition bearing Be aware of on-condition bearing | Be familiar with on-condition | Understand on-condition
lubrication using lubrication using ultrasonics, bearing lubrication using bearing lubrication using
ultrasonics under and over-lubricated ultrasonics, lubrication ultrasonics, lubrication
bearings process considerations, process considerations,
The relationship between friction, | under and over-lubricated under and over-lubricated
ultrasound, and lubrication bearings, trending values bearings, trending values
condition. What under- and over- Understand the needs when
lubrication sound like - how to tell | developing an on-condition
the difference. lubrication programme
6.07 | Bearing Inspection Be aware of bearing inspection: Be familiar with bearing Understand bearing
bearing defect detection including | Inspeclion: Bearing defecl inspeclion: bearing defect
poor lubrication, mechanical detection including poor detection including poor
faults, slow speed bearings etc. lubrication, mechanical faults, | lubrication, mechanical faults,
Bearing failure progression, slow speed bearings etc. slow speed bearings etc.
random impacts, repeating Understand the progression
impacts. of failure.
How these change the Be able to identify and find
measuremeant. bearing defect frequencies in
What these defects sound like a time signal and spectrum
6.08 | Gearbox Inspection Be aware of gearbox inspection: | Be familiar with gearbox Understand gearbox
detection of faults in gearing and Inspection: Detection of faults | inspection; detection of faults
gearboxes including poor in gearing and gearboxes in gearing and gearboxes
lubrication, damaged gears, including poor lubrication, including poor lubrication,
damaged leeth elc. friction, rubbing, damaged friction, rubbing, damaged
Where to place the sensors. gears, damaged teeth efc. gears, damaged teeth etc.
What the defects sound like Calculate a 1x and GMF and
find them in a time signal and
spectrum
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6.09 | Pump Inspection . . . Be aware of pump inspeclion: Be familiar with pump Understand pump inspection:
detection of faults including Inspeclion: Detection of faults | detection of faults including
cavitation, turbulence, leakage, including cavitation, cavitation, turbulence,
mechanical faults ete, turbulence, leakage, leakage, mechanical faults
Basic source location - valve or meachanical faulls elc. elc.
pump? What the defects sound Where to place the sensors.
like

6.10 | Electric Motor . . . Be aware of electric motor Be familiar with electric motor | Understand electric motar

Inspection inspection; detection of faults inspeclion: detection of faults | inspection: detection of faults
including. bearings and effect of including. bearings, stalor, including. bearings, stafor,
variable speed drives etc. winding, arcing and effect of | winding, arcing and effect of
Practical problems caused by variable speed drives elc. variable speed drives elc.
VFDs Where to place the sensors.

Application to couplings,
Whal the defects sound like

7 Severity determination | 2.00 4.00 4.00

7.01 | Setting up decibel - . . Be familiar with setting up Be able to develop and set up

alarms decibel alarms decibel alarms

Understand thal dB alarms
are additive not multipliers

7.02 | Trending decibels . - . Be aware of trending decibels Be familiar with trending Understand trending decibels
and alarm levels, decibels

7.03 | Statistical alarm creation e . . Be aware of statistical alarm Be familiar with statistical

creation alarm creation

Understand about Be able to exporl dB data,

distributions and standard test the population and

deviations - what this means | calculale statistical

in terms of alarm significance | characteristics of the data in
order to create alarm values

7.04 | Time signal analysis . - . Be aware of time signal analysis. | Be familiar with time signal Understand time signal
Look at examples such as friction | analysis analysis
vs. bearing defecl. Know how o use cursors 1o
Aware of amplitude and of find pericdic signals
clipping
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7.05 | Spectrum analysis . . . Be aware of spectrum analysis. Be familiar with spectrum Understand spectrum
analysis (e.g., BPFI, BPFO, analysis (e.q., BPF|, BPFO,
GMF efc.) GMF eic.)
Know how to use cursors to
find harmonic signals
7.06 | Case studies . . . Be aware of case studies. Show | Be able lo record case Be able 1o develop and
how we combine all of these studies. record case studies
leamnt items into identifying Be familiar with what
problems information should be
contained within a report.
7.07 | Diagnosis and — . . Be familiar with diagnosis and | Be able to develop diagnosis
prognosis prognosis. and prognosis
8 Program 0.50 0.50 1.00
implementation
8.01 | Routine CM inspection . . . Be aware of routine CM Be familiar with rouline CM Be able to develop and
considerations inspection considerations inspection considerations implement routine CM
|dentify areas where sensors | inspection considerations
may need to be installed or Devise routes based upon
guards modified personnel and operating
needs and condilions
8.02 | Routine CM program . . . Be aware of routine CM program | Be familiar with routine CM Be able to develop and
management management program management implement routine CM
program management.
Track missed measurements
and devise strategies to
identify why and then calch
up
8.03 | CM Report structuring — . . Be familiar with CM report Be able to develop and
structuring implement CM report
The key elements of a good structuring
report
8.04 | Corrective action for — - . Be familiar with corrective Be able to develop and
alarm incidences action for CM alarm implement corrective action
incidences for CM alarm incidences
9 Reporting and 0.50 1.00 2.00
corrective action
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9.01 | Key information needed . . . Be aware of key report Be familiar with key CM Be able o develop and
information needed reporting infermation needed | implement key CM reporting
information neaeded
9.02 | Recommending — . . Be familiar with Be able to develop and
corrective action recommending CM corrective | implement recommended
action corrective action
9.03 | Tracking corrective . - - Be aware of tracking corrective Be familiar with tracking Be able to develop and
aclion oulcome aclion outcome correclive action oulcome implement tracking processes
for corrective action cutcome
10 Personal safety 0.50 0.50 0.50
. . . Be able to apply basic pre-sel Be able lo apply all ultrasonic | Be able to apply all ultrasonic
ultrasonic CM inspections and CM and inspection methods, and other CM methods, and
maonitoring methods and be and be familiar with access be familiar with and able to
aware of access and salely and salety requirements develop safe access and
requirements. Be aware of applications of safely requirements
Particularly siress the need to be | Ultrasound which should be
able to still hear alarms when part of improved safely
wearing ear defenders procedures
1" Training examination 2.00 2.00 2.00
. - . Category | training examination Category |l training Category |l training
examination examination
Total hours per 32.00 32.00 32.00
category
* Topics to be taught at each category
NOTE 1 Category |l includes the knowledge of category |
NOTE 2 Category lll includes the knowledge of category | and category I
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Annex B — References

Essential material

Tille Author Fublisher |SBN
Have a listen to Ultrasound: The high frequency Murphy T.J. MN/A 979-
world of Reliabilify 8412080727
Recommended material
Title Author Publisher ISBN
Have a listen to Ultrasound: The high frequency Murphy T.J. M/A 9798412080727
world of refiability
Airborme/structure-borne ultrasound technology Muclear Palo Alto, CA:
sourcebook. Maintenance Electric Power
Applications Research
Center. Institute, 2007.
Acoustic leak tesling. In: Mon-destructive lesting Moore P.O. Columbus, OH: a78-1-57T117-
handbook American Society 421-5
for Nondestructive
Tasting,
An Introduction to Condition Moniloring and Editors: BINDT 978 0903132 76
Diagnostic Technologies Prof A. Hope 3
D. Whittle

Standards and Specifications

1. IS0 29821:2018 Condition monitoring and diagnostics of machines - Ullrasound - General

guidelines, procedures and validation

2 |80 17359 : 2018 Condition monitoring and diagnostics of machines — General guidelines
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Introduction

The use of Infrared Thermography (IRT) using measurements of surface temperature to monitor
condition and diagnose faults in civil, mechanical and electrical syslems has become a key aclivity in
predictive maintenance programmes for most industries. The effectiveness of these programmes
depends on the capabilities of individuals who perform the measurements and analyse the data. This
document is appended to CM/GEN (General requirements for the qualification and PCN certification of
condition monitoring personnel). Other Appendices cover:

Appendix A Acoustic Emission

Appendix G Lubrication Analysis

Appendix D Vibration Analysis
This senes of documents is designed to provide comprehensive information for users of the PCN
Scheme, The complete list of published PCN condition monitoring documents is detailed in publication
reference PSL/8A-CM, which is posted on the Institute's web site al www.bindl.org, where all documents
are avallable for download free of charge.

It is inlended, through publication of these documents, lo provide industry, PCN candidales and
certificate holders with all relevan! informalion. However, If further information or advice is required on
any certification matter, contact the Certification Services Division of BINDT on telephone number +44

(D) 1604 B93811, or email cm.admin@bindt org

Organisations requiring at all limes lo be in possession of the mosl up lo dale PCN documenls may
register with the "PCN Update Scheme" which, for a small annual fee, guarantees that they automatically
receive all new and revised PCN documents.

Definitions
Civil: The term 'Civil' when used in this document includes buildings, structures, roads and bridges.

Mechanical: The term 'Mechanical' when used in this document includes mechanical systems and
associaled processes.

Electrical: The term ‘Electrical’ when used in this document includes low and high voltage electrical
syslems, but does not include electronic systems.

Supplementary examination: The lerm supplamentary examination when used in this document refers
to an additional sector-specific examination available at Categories 2 and 3 only, and attempted either
during, or after the first examination that consists of the general part and at least one other sector-
specific part.

1. Scope

1.1.  This appendix to PCN CM/GEN sets out the specific requirements for qualification and
assessment of personnel engaged in Infrared Thermography Condition Monitoring. In
the event of a conflict between the requirements of PCN CM/GEN and this Appendix,
the PCN CMIGEN requirements shall prevail.

1.2. This specification Is in accordance with ISC 18436 part 7: Condition monitoring and
diagnostics of machines- Reguirements for qualification and assessment of personnel-
Thermoaraphy.

1.3. Certification to this specification will provide evidence of the gqualification and
assessment of individuals to perform Infrared Thermography measurements and
analysis using appropriale sensors and equipment.

Classification of Personnel
2.1, General

2.1.1.  Individuals cerlificated in accordance with this specification are classified in one
of three Categories and have demonstrated the necessary skills in the concepts
of thermographic analysis and thermal condition maonitoring for their
classification Category as indicated in the examination syllabus at Annex A,

2.1.2. Personnel classified as Category 2 require all the knowledge and skills
expected of personnel classified as Category 1, and personne| classified as
Calegory 3 require all the knowledge and skills expecled of personnel classified
as Category 2.
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22

23
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2.1.4.

Those personnel seeking to be classified as Category 2 or Category 3 can elect
to qualify in any or all of three industry sectors, as specified at clause 5.

Infrared Thermography Category 1 {General)

2.2.1.
2.2.2.
2.23.

224,

225,
2.2.6.
227

2.2.8.

229
2.210

PCMN certificated Infrared Thermography Category 1 personnel are
qualified to perform industrial infrared thermography measurements according
to established and recognised procedures and shall be able to:

apply a specified thermographic measurement technigue;
sel up and operale equipment for safe lhermographic dala collection;

perform basic infrared thermography of plant and machinery, buildings and
electrical syslems;

Verify the calibration of the measurement systems and the integrity of
collected data

Prevent, minimise or control poor data (sources of data error);
maintain a data base of resulls and trends;

perform basic fault detection severity assessment and diagnosis in accordance
with established instructions;

Perform basic image post processing (measurement tools, emissivity
adjustment, span and scale adjustment etc.);

verify the calibration of thermographic measurement systems;

evaluate and report test resulls in accordance with established instructions
and highlight areas of concern.

Calegory 1 certificaled personnel shall not be responsible for the choice of test method
or technigue o be used, nor for the assessment of test results.

Infrared Thermography Category 2.

In addilion o the lasks undertaken by Category 1 personnel, Category 2 individuals
are permitted to undertake the following additional tasks:

2.3.1.

2.3.2.

2.3.3.
2.3.4.

235

2.3.8.
2.3.7.

2.3.8,
239,
2.3.10.

2.3.11.
2312,
2.3.13.

select the appropriate infrared thermography technigue and understand its
limitations;

specify the appropriate hardware and software for both portable and
permanently installed systems;

Measure and analyse thermographic dala;

perform advanced image post processing (trending, montage, image
subtraction, statistical analysis etc.) and diagnosis;

Apply thermography theory and techniques, including measurement and
interpretation of survey results;

Recommend appropriate corrective actions;

Prepare reports on condition, recommend corrective action and report on
effectiveness of repairs in accordance with the type of certification held by the
individual (Civil, Electrical or Mechanical);

provide technical direction for personnel at or below Category 2;
Supervise and instruct all Category 1 duties;

Establish infrared thermography programmes including determination of the
requirement for periodic /continuous monitoring, frequency of testing, etc.

establish acceplance and severity criteria;
Establish programmes for acceptance for new and in-service systems;

Recommend the use of alternative CM technologies with an awareness of the
principles of other CM technologies specified in CM/GEN, at least to
Calegory 1.
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2.4, Infrared Thermography Category 3
In addition to the tasks undertaken by Category 1 and Category 2 personnel, Category
3 individuals are permitted to undertake the following additional tasks:
24.1. Determine the thermographic signature of systems, components and
assemblies (seclor specific, where applicable);
242 Understand and perform data analysis,
24.3. \se advanced technigues of infrared thermography and fault diagnosis;
24.4. Recommend appropriale types of thermodynamic (radiation, convection,
conduction based) corrective actions;
245 supervise lrainees and Calegory 1 and 2 personnel;
2.4.6. Guide personnel below Category 3,
247. |Interpret and evaluate Standards, Codes, specifications and procedures;
248 perform prognostics for fault conditions;
2.4.9. Direct the use of alternative CM lechnologies with an understanding of the
principles of other CM technologies specified in CM/GEN, at least to
Calegory 1.
2.4.10. Manage and supervise PCN CM qualification examinations on behalf of the
British Institute of NDT, if so appointed.
3. Eligibility for Examination and Certification
31. General
Candidales shall have a combination of education, training and experience lo ensure
that they undersland the principles and procedures applicable lo thermographic
measurement and analysis. Colour vision requirement in this scheme is specified in the
following della.
150 18436-T recommends Lhal candidalas have colour perceplion leslad Lo the crileria ol the Ishihara
{est, where it may be required of employers to determine whathar failure o meet the requirements of this
tesl will affect the candidate’s ability to perform analysis on IRT data using colour paleties. Failure (o
pass the Ishihara test may raquire the candidate 1o use a monochrome palatte. This ask-specific test,
and any requirement Lo use a monochrome palelia, |s to be documentad and the record of the lest made
available to the cedtifying body upon requesl. Thae PCN scheme will not enforce this recommendation as
(1} recording of the candidates failure of the Izhihara test and limiting their work to monochrome palettes
could polantially limil histher employment and yal ha/she may be capable of inlerprating colour imagaes
if the degres of colour blindness is not severa, (2} the passfall crilera of tha Ishihara test s not
necessarily indicative of a person's ability to interpret colour differences on & thermogram
3.2 Training
321 At Category 1 the written examination shall contain practical application

CM IRT Issue 7

322

questions that cover quality data acquisition, the recognition, prevention and
control of error sources and basic fault diagnosis. Al Calegory 2 it will cover
diagnostics and image inlerpretation for condition monitoring of machines,
electrical or civil systems and image interpretation. At Category 3 it will include
all topics for Calegories 1 and 2 and include solution design and verification.

The image interpretation questions should be based on case histories requiring
faull identification, solution recommendation and a solution verification process.
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3.3,

323

324

TABLE 1. Minimum Cumulative Duration of Training (hours)

Category 1 Category 2 Category 3

a3 Category 1+ 32 Category 2 + 32

Training may be modularised into two or more subject areas covering general
scientific principles and application-specific knowledge in order to allow for
mulual recognition between non-destructive testing (e.g.: 1509712, SNT-TC-
1A} and other condition menitoring assessment bodies (27 or 37 party).

In addition to the training hours in Table 1 and formal education specified in
CM/GEN, Category 2 candidates only, should have completed formal or on-the-
job training on mechanical, electrical or civil enginearing, with either a training
examination certificate or verifiable records (PSL30-CM), including the relevant
systems and components, of at least a similar duration to that in Table 1, which
covers the sector specific certification sought. This training should cover design,
manufaciure, installation, operation and maintenance principles relevant to the
seclor (civil, mechanical or eleclrical syslems), and include failure mechanisms
associaled with each principle and the typical thermodynamic signatures
associaled with each mechanism.

Experience

3.3.1.

3.3.2.

3.3.3.

To be eligible to apply for certification the candidate shall provide evidence of
experience in the field of machinery, eleclrical or civil infrared thermography
condition monitoring, appropriate to the Category and sector sought. The
minimum experience requirements are shown In Table 2.

Certification at category 3 requires previous cerlification at the lower
categories.

Candidates must maintain verifiable documentary evidence and log of hours
and nalure of work (see 15018436-7 clause 5.4), especially scanning
{practical) times, on PCN document CP16-CM for all categories.

TABLE 2. Minimum Cumulative Experience Requirements (months)

Category 1 Category 2 Category 3

12° 24" 48"

*The experience hours are based on 16 hours minimum per month of
thermography-based machinery condition monitoring experience in
accordance with Clauses 2 & 3.

4, Certification Available
4.1 Category 1 (IRT-General)

4.2 Category 2 (IRT- Civil, IRT-Mechanical, IRT-Electrical)

4.3 Category 3 (IRT- Civil, IRT-Mechanical, IRT-Electrical)
Category 2 and 3 candidates may attempt any or all modules in one sitting.

5. Qualification Examinations

5.1

5.2

CM IRT Issue 7

Application for qualification examinations

5.1.1

Application for qualification examination is made on PCN form PSL/57-CM
and supported with PSL/30-CM and PSL/33-CM where required.

Initial examination

& of 33 1% January 2022



5.3

54
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5.2.1

52.2

Category 1 candidates are required to be successful in a multiple choice
examination paper covering the basic principles and practical knowledge of
the CM technology in terms of civil, mechanical and electrical engineering and
basic thermography theory. The examination will also test for quality data
acquisition and error source recognition, prevention and control.

Category 2 and 3 candidates for Infrared Thermography are required to be
sucecessful in a multiple choice examination comprising al least two maodules
covering:

5.2.2.1 the basic principles and practical knowledge of Infrared
Thermography;

5.2.2.2 atleast one practical applications module paper on the specific
application of Infrared Thermography in the civil, mechanical or
electrical engineering sector, as selected by the candidate. At
Category 2 the praclical applications seclor paper will cover
diagnostics and image interpretation. At Category 3 the sector paper
will cover diagnoslics, prognostics, image interpretation, solution
design and solution verification. The practical sector specific module
pertains to subjects &, 7 or 8 in Annex A2, but must also include
malerial derived from subjects 9, 10, 11, 12 and 13 for the respeclive
sector.

5.2.2.3 the basic principles of alternative condition menitoring technologies as
defined In Table AZ,

5.2.2.4 Calegory 3 examinalion papers have a narralive component (see
below).

Supplementary practical applications examination

5.3.1

5.3.2

533

Supplementary modular practical examinations are only available to existing
PCN Infrared Thermography Category 2 or 3 cerlificate holders. This
examination comprises separate supplementary modules covering civil,
mechanical or electrical engineering, as selected by the candidate.

Supplementary examination modules will be graded separately, so that a
candidate electing to attempt two modules at the same examination sitting
may be awarded certification for a module in which success was achieved,
even if the other module was failed.

Supplemeniary examination candidates must have satisfactorily completed a
course of training covering the syllabus to be examined, and provide
documentary evidence of the training.

Examinalion content (Theory and practical knowledge)

5.4.1

542
54.3
54.4

5.4.5

546

For each ceriification category, the candidates shall be required to answer the
fixed number of multiple choice questions in the two-part written paper, within
specified time duration as indicated in Table 3. Parl A covers general theory
and Part B is the sector specific practical application module paper. At
Category 3, 10% of each part of the examination paper will consist of narrative
questions. In a 30 question paper module four narrative questions will be
offered but only three need to be answered.

Each narrative guestion will be worth 5 points.
The examination will cover the training syllabus al Annex A2,

Questions will test the candidate's knowledge of the principles and procedures
required to conduct infrared thermography condition testing and analysis in
the sector (machinery, electrical or civil) that the examinalion pertains.

Questions are of a practical nature and include the interpretation of practical
data and thermal images and simple mathematical calculations using a basic
sciantific calculator may be required.

The Category 1 examination paper will comprise 60 questions covering the
general topics listed in Annex A2, The Category 2 and 3 examination papers
will comprise general {30 questions) and practical application specific (30
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questions) parts. Modules will be graded separately. Examinations for
additional sector specific modules will comprise 30 questions per module, as

noted in Table 3.

Table 3 — qualification examination content

Categories Mumber of Time Passing

Questions (Hours)* Grﬂide
Category 1 B0 2.0 75
Category 2 (General + 1 sector module) 60 (30 + 30) 2.0 75
Calegory 2 (Supplemenlary module) ao 1.0 75
Category 3 (General + 1% sector module) 60 (30 + 30) 3.0 75
Category 3 (Supplementary module) 30 1.0 75

clause 9.3.

‘Examination times may be extended by 25% to assist candidates with a disability or in the
evant that their first language is not English, in accordance with BINDT document CMGEN

CM IRT Issue 7
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Annex A1 Training Syllabus

Hours of training
Subject Category 1 Category 2 Category 3
[Only 1 module | [Only 1 medule
from subjects 6] | from subjects 6]
0. Introduction 0.5 - -
1. Principles of IRT 7 ]
2. Eguipment and data acquisition 3 1
3. Image Processing 2 1
4. Condition Manitoring 4.5 0 0
5. Diagnostics and prognostics 2 2
6. Condition Monitoring applications 4 10.5 7
a) Electrical applications
b} Mechanical applications
c) Civil applications
7. Reporting and documentation (15O 1 3 6
International Standards)
8, Condition Moniloring programme 0.5 0.5 0.5
design
8. Condition Monitoring programme 1 0.5 35
implementation
10. Condition Monitoring programme 0.5 1 1
management
11. Training examination 1 0.5
12. Practical skills evaluation 2 2
Tolal hours for each Calegory 33 32 32
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Subject Category Category sub-topics

Ref: Syllabus topic HEUE Category 1 Category 2 Category 3

0 Introduction 0.5 0 0

1 Principles of IRT 6 765 6

1.01 Heat and heat transfer basics ™ . Distinguish betwsen various temperature In addition to C1 topics, understand the
scales, e.g., Centigrade (*C), Kelvin (K). principles of the following:
Dafine ‘Energy’ and ‘Heat'. System mass lransfer of thermal enargy.
Understard the basic principles of the thermal diffusivity; basics of saturated and
[ollowing superheated steam.
Radiosity; transient & steady slato heat
flow; principles of thermal capacity, phase
change & latent heat; sysiem response
tima.

1.02 Laws of thermodynamics & ™ Distinguish between the deflinitions of the
following Thermodynamic Laws:

other laws 191 & 2% | aw

Combinad Gas Law

1.03 Conduction fundamentals . . e | Understand the principles of conduction Understanding of the following: Fourer's Comprehensive understanding of the
fundamentals. Law; conduction through matter, heat principle of heat fransfer through complex

lransfer belwesn abjecls in comact. siruciures.

1.04 Conductivity / resistance . Understand lhe basic principles ol thermal
conductivity of materials; thermal
conductivity of compaosite structures
[buildings or composita refractory linings).
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Subject Category Category sub-topics
Ref: Syllabus topic 1]27]3 Category 1 Category 2 Category 3
1.05 Convection fundamentals ™ ™ & | Understand the basic principlas of heat Understand: Thermal convection; Mewton's | Critically analyse: heat convection;
convaction. Law of cooling; heat transfar through Mawton's Law of cooling, heat transfar
gasses and liquids, boundary layer, thermal | through gasses and liquids, boundary layer,
conductivity of gases & liguids, thermal conductivity of gases and liquids
1.06 Radiation fundamentals & ™ ™ Understand the basic principles of the Detailed study of all Radiation Laws
- following: propagation through vacuum;
Radiation Laws Stefan Boltzmann Law; Planck’'s Law, Surface radioslly amissivily curves and
Wisn's Law (Planckian Curves); radiation characterstics for differant malerials,
properties — Lambertian; radiation
properies of dielectrics and other
malarals
1.07 Electromagnetic spectrum ™ e | Understand the basic principles of the Analysis of the Electromagnelic Spactrum’
following: electramagnstic spectrum; and highlight any araas which may be
relaticnship batween refevant to other NDT techniques UV, X
FrequencyWavelength/Speed of light. ray, etc.),
1.08 Spectral band used by IR . Understand [he basic principles of ihe
cameras speciral band and why the following bands
are used for IR camaras: (IR band s
considersd to be 0.7 to 1000 pm).
SWhand 1103 pm.
MW band 2 ta 8 um.
LWhand Bio 14 ym |
1.09 Atmospheric transmission .| ® Undarstand the basic principlas of Fully undarstand how transmission vs,
atmospheric transmission and the distance is influenced by the following:
fundamentals of effects on atmospheric almosphernc molsture (H,0), atmospheric
transmission: distance; Carban Dioxide Carbon Dicxide (CO;); solids in
(CO:) Maoisture (H:0); solid parficles; atmosphers,
transmission vs. wavelength
characteristics.
1.10 Distance (atmospheric) . . Understand the effect of atmospheric Understand the effect of solid particles on
cormrection Iransmission on lemperalure measuremeant | the spectral almosphenc transmission of
accuracy and the reason for compensation | gases (How IR cameras compensale for
within the IR camera, The relationship atmosphernc attenuation)
between atmosphenc attenualion and
wavelength,
1.1 IR lens materials and types of ™ Lens types and why different lens materials
lenses ars Uied
Why a range of lenses is required for some
applicalions.
1.12 IR windows ™ ™ Undearstand the currently avallable range of | Fully understand the currently available
IR windows. range of IR windows and analyse their
specifications and safety standards
1.12 Radiation reference sources .| Esxtrapolate retevant information from the Extrapolate relevant Information from the
'Recommended reading matenal listed in 'Recommanded reading material” listed in
Annex B Annex B and any other relevant reference
documsnt.
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Subject Category Category sub-topics
Ref: Syllabus topic 1]273 Category 1 Category 2 Category 3
1.14 _.M__._.__mm.___.___q ™ ™ e | Dafinition of emissivity and basic difference | Definition of amissivity and fully understand | Definition of emissivity and critical analysis
batwaen the emissivity of a Blackbody, differanae batwaan the emissivity of a of the differance batween the emissivity of
Graybody and Non-graybody (Dislectrics). Blackbody, Graybody and Nor-graybody a Blackbody, Graybody and Non-graybody
(Dislectrics ). Detailed svaluation of {Dielectrics).
emissivity determination factors
1.15 Emissivity determination - ™ Copduct the following emissivity calibration | Critical analysis of the following emissivity
maelthad: using a calibrated lamperatiura calibration method: using a callbrated
probe; using high emissivity adhesive taps | lemperature probe; using high emissivity
[at low temperatures); using high emissivity | adhesive tape (al low temperaturas); using
paint (at high tempearatures). high emissivity paint (at high temparaturas)
1.16 Factors affecling emissivity " e | Differentiate batween reflactance from Analyse_differonces betwean reflactance Critically analyse_diferences batwaen
‘Spectral’ and ‘Diffused' surfacas, from ‘Spectral’ and 'Diffused” surfaces. raflectance from ‘Spectral’ and 'Diffused’
Material types, surface condition, viewing Material types, surface condition, viewing surfaces. Material types, surface condition,
angle, leamparalure, alc, angle, lemperature, alc. wisnwing angle, lemparalura, ale.

117 Emiltance, rellectance and ™ ™ Awareness of ransmittance [ absarptance | Study of opague matarial properties, €.0.,

transmittance of various malerals; fundamentals of glass plastic Mims and meshes. Practical
radiative heal Now; radiation impinging on & | approach fo the determination of window
larget surface; radiation exchange al the lransmissivity and larget temperature
larget surface; radiation |=aving a targel. measurament through IR windows.

1.18 Active ._._‘...m:....u_m_._m_u_.__.__ - - 'Passive’ and 'active’ thermography and 'Passive’ and 'active’ tharmography and
principle properies of varous active critically analyse the key propertias of
thermography excitation techniques. various active thermography excitation

techniques.

2 Equipment & data 5 3 3

acquisition
2.01 How your infrared camera . Operate Focal Plane Array (FPA] IR
works imagers. Also, understanding basles of:
infrared radiation thermometers; line
scanners; various othar thermal scanners.
2.02 Infrared camera selection . . Evaluate various featurss, such as Evaluate requirements of IR cameras and
T ) resclution and functions of FPA thermal associated eguipment which may be
critena .m. other radiant energy Imagers, including salection of temperature | applicabla _uauz._.”_E IR mw_u__nu._._n_._._” such as;
measuring instruments rangs requirements; detecior plesls matric Acoustic emissions (AE). Lubrication
size; lens angle reguirements (IFOWV), analysis (LA); Vibration analysis (VA),
Instrumaents. such as flux melars
2.03 Waveband selection crileria " | w » | Basic knowledge of currently available Extended knowledge of currently available | Critically evaluate the currently available
wavebands for varlous IR applications and wavebands for varlous |R applications and wavebands for IR applications, including
corecily ssiecting the applicable correct selecticn of applicable waveband, salection of & correcl waveband range for
waveband spacific CM & NDT applications.
2.04 IR system specifications ™ » Basic functions of currently available IR Critically evaluate all functions of curmrently
systems and their choice for specific avaliable IR systems and their choice for
applications. specilic applicalions,
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Ref: Syllabus topic 11273 Category 1 Category 2 Category 3

2.05 Typical IR camera controls and . Apply and En__mﬂﬁa thair effact on the
appearance of & thermogram:

temperature measurement lools Camera tonirols
Temperature Ranges/spanilevel setiings;
emisaivity sattings; ambient temperatures
(atmospheric and reflected); compensation;
lemperaturs functions (spol, circle, square),
distance; electronic zoom vs |lens selection;
palette selaction.
Temperalure measumamont
Spot; circle: Max/AvMin: square |
rectangie: Max'AviMin; temperature profile;
Isalherms (lemperalure ling or band),

2.06 Operation of equipment o | w Control and measuramant features of a Apply all control and measuramaent features

standard (FPA) IR cameras, of the follawing IR instrumants: FPA,
‘Scanner lypg', line scannefs and spacial
IR cameras.
2.07 Temperature measurement . A_,aﬂnauﬂ”nu of saettings SL.E?%EE&E of
amparature measuremant (Temparalure
range/considerations viifide: Spati davel).
2.08 Thermal sensitivity (NETD) . Understand thermal sensitivity; NETD
{Moise Equivalent Temperature Difference);
MRETD (Minimum Resoivable temperalure
Differance), SAF (Slil Response Function),
Dynamic Range,

2.09 Lens & IR filter selection ™ ™ Lans salaction importance for cortain Optical and physical properies of currently
applications. avallable [ens malerials and delermining

lens selection for application.

2.10 Optical resolution ™ ™ Differantiate between the optical (differant Differantiate betweesn the optical (differant
leneas) and electronic Zoom, lensas) and alectronic Zoom and the effect

each has on the appearance on a
H_.E._.:._n_mﬂ_._._.

2.1 Getting a good image . Producing & good image, considering the
lollowing IR instrument settings:
temparature Range/Span/Level. ambient
lemperalures (atmosphenc and refllected),
emissivily; dislance (fisld of view);

Minimum targst size (estimation from lens
angle or deteciar pixets), Focus.

212 Image composition . | w o | Ensuring correct adjustment of composition | Ensuring correct adjustment of composition | Revislon of Categary 2
{o claarly show the anomalies and accurale | o clearly show the anomalies and acourate
temperature measurements. temperalure measurements.

2.13 Image clarity (optical focus) . Undersland correct optical focus prior lo
image procuring. (Clarty and temperatura
measurament accuracy).
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Subject Category Category sub-topics
Ref: Syllabus topic 1]273 Category 1 Category 2 Category 3
2.14 Thermal tuning (range, leveland | » Understand importance of comeat
span) temparatura ranga setling.
2.15 Temperature measurement .| @ Undarstand imporiance of collation of data | Specily dala collation reguirements for
for accurate non-contact lemperature accurate non-confact temperature
measuremant with FPA IR camerss. measuremant with various IR cameras.
2.16 Dc_._._n.mu_.m:{m guantitative ™ . _.._.._NMBB:_”_ _.___@wm_.:_m-._._nm:_ of __u__.__. between Full knowledge of AT _u“h?..__mn: ‘good’
‘good’ components and anomaly compaonents and anomaly emperatures.
thermography tamperatures.
217 Comparative qualitative .| ® Undarstand measurameant of ambienl and Comprehensive understanding of
thermography anomaly temperatures. measuremeant of ambisnt and anomaly
temperatures,
2.18 Environmental influences ™ ™ Recognise the effect on the temperature Understand of the effect on the
maasuremant accuracy of tha fallowing: temparatura moasurement accuracy of the
varatlons in atmospheric lemperalure; following: variations in atmospheric
solar radiation/cloud cover; wind speed and | temperature; solar radiation/cloud cover;
direction; maisture (affect of surface wind speed and diraction; moisture (effect
maisture, fog, raln, solid particlas, eic.); of surface moistura, fog, rain, salid
effect of reflections from nearby hot or cold | particles, etc.); effect of reflections fraom
ohjects, nearby hot or cold objects, sffects of any
phstructions, e.q.. insulation
2.19 Error source recognition, ™ ™ Racognise the effect on the lemperature Recognise and fully correct the effect of
; measuramant accuracy fram the following afror sources on tha lampearalure
ﬁqﬂﬁmzﬂ_ﬂ: or control aefror sources: refllecled apparent measuramanl accuracy. (Rellaclad
lemperature maasurement — direct method; | apparent temperature measurement -
reflected apparent temparature direct method; reflected apparent
maasurameant = refllector mathod, temperatura measurament = raflaclor
imporiance of initial Instrumant settings - method; imporance of initial instrumant
focus and temperature range, saltings - focus and temperature rangs).
2.20 Recognising and dealing with e | » | e | Recognise the exislence of emor sources Existence of error sources and thair Critical analysis of emor sources and their
radiation ?m&mﬁ:nﬂm reflected and thair influence on the final result. (Sclar | influence on tha final result. influence on the final result: solar or clear
S of clear sky rellection; reflections from {Solar or clear sky reflection; reflections sky reflection; reflections from nearby hol
apparent temperature, angle of naarby hol or cold objects; mathods for from nearby hot or cold objects; methods or cold objecls; methods for estimating &
_:n__n.m:n_m.u estimating a reflective temperaturs, angle for estimating & refliective temperature, refiective temperaturs, angle of incidence.
of incidence). angle of incidence).
2.21 Recognising and dealing with ™ ™ e | Recognise sources of convection and thelr | Understand sources and thelr influance on Critically analyse sources and their
convection influence on the final resull. (Thermal the linal resull: Thermal Boundary Layer. Infiuance on the final result: Tharmal
Boundary Layer, wind effect on structure Wind effect on surfeces of a structure Boundary Layer. Wind effecl on surfaces
surface temperaluras, mass heallenergy lemperaturas, Mass haal/energy transporl. of a structure temperatures. Mass
transport heat'energy transport.
2.22 Recognising and dealing with " | w » | Recognise sources and their influence on Linderstand sources and explain thelr Critically analyse sources and explain their
conduclion the final result o.q., Mearby objects influence on tha final resull by giving influence on the fingl result by giving
contributing lo conduction, 2.9, h examples &.g., Nearby objects contributing | examples e.g., Nearby objects contributing
ot fan near a bearing housing. lo conduction, &.g., hot fan near a bearing io conduction, e.g.. hot fan near a bearing
housing. hieLsing.
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Ref: Syllabus topic 1]273 Category 1 Category 2 Category 3

2.23 Effects of incorrect m_.:mmm_iq ™ ™ Importance of emissivity setlings on Importance of emissivity settings on
temparatura measurament accuracy: temparatura Moaasurament accuracy.
Carracl emissivity - accurate lemperature, Caorrect emissivity - accurale temperaiure.
Emissivity higher — lower temperatures. Emissivity higher — lower temperatures
Emissivity lower = higher temperatures Emissivity lower = higher temperatures
(mora difficull o measura accurately]. (mare difficull to measure accurataly).

2.24 Environmental and operation ™ ™ Basic principles of atmospharic or Principles of almospheric or anvironmanial

conditions enviranmental cond|tions and the influence | conditions and the influence they may
they may have on temperaturs have on temperature measurement, e.g..
measurement, &.g., moaisture, rain, wind, maxisture, rain, wind, solar or reflections
solar or rellecions from nearby objects, fram camara Internal surfaces or nearby
alo. obiscts, atc.

2.25 Camera calibration - ™ Carry oul quick calibration procedures and Specify procedures for calibration of IR
understand the basic procedure for full cameras &nd basic procedurs Tor full
calibration test: calibration test:

Culck calibration check using melting lce Quick callbration check using malling ice
(about 0°C), (about 0°C),

« Take a thin sheet of ice and place tona |« Take a thin sheet of ice and placeiton a
high emissivity surface. When nearfy high emissivity surface, Whan nearly
medted, take spot reading al the interface mieliad, taka spol reading at the interface
of ice and watar of jce and water.

Quick calibration check using bolling watar Cuick calibration check using bolling waler
{about 1060°C) {abaut 100°C)

« Boll water in a pan, filled nearly to the top |« Boll water in a pan, filled nearly (o tha fop
(not a keltle). View at slight angle o avoid (nol a kellle), View alt slight angle o avoid
intarferance from sleam and lake a spot interferance from steam and fake a spol
raading near the edge of the pan, reading near the edge of the pan,

« Take into consideration bailing » Taks into consideration bolling
temperature of water va. prassura for temperature of water vs. pressure for
various altitudes. various allitudes.

Quick calibration check using human tear Quick calibration check using human tear
duct at room temperature (about 36°C) duct at room temperature (about 36°C).
Chack agalnst a calibrated temperaiure Chack against a calibrated temparature
probe. A full check on a calibralion test rig. | probe. A full check on a calibration test rig,

2.26 Safe data acquisition .| ® Importance of some IR camera saftings on | Specify checks should be applied before
date relevant to the thermogram, e.g.. recording and analysing a thermogram,

15 the Image In focus? e.g.
I8 the [amparature Range'Span'Lavel Is the Image in focus?
corectly ssi? |5 the temperaiure Range/SpaniLevel
|5 the targst below minimum spot size? correctly set?
Are all instrument settings comrect? |5 the target below minimum spot size?
Are thare any other ‘external anomalies' Ara all Instrument sstfings correct?
that may corrupt the genuine result? Are thare any reflections from nearby
objects or the sky present?
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Ref:

Subject
Syllabus topic

Category sub-topics

Category 1

Category 2

Category 3

Genuine or felse anomalies,

227

Dala and image storage

Stonng data in ils original format,

2.28

Accessories

Basic requirament for accessarles,
Pholographic equipment (if not fittad to
infrared camera). Spare battzries.
High emissivity PVC tape. Lens brush

Raguirament of accessories:
[Mechanical:

Corrugated reflector for reflected
temperature maasurement.
lectrical:
Currant clamp ammeter.

Civil;

Ajr flow melers.

Boresoopes.

Caontact and immersion thermometers,
Heat fiow matars.

Hydrometars.

Moisiure metars,

Blower doars,

Buikding fan systems.

Spacification for above Instrumeanls.

Image processing

1

am

150 1843441

Basic requirements of the standard

Complete understanding of the standard

Complete understanding and application of
the standard.

3.0z

General guidelines for
establishing thermal severity
assessment criteria (IS0 18434-
1: engineering codes and other
standards)

Basic guldelines listed In the standards,
CMIGEN Appendix B and other literature,
including: Geaneral severty oriteria topics
{absolute, delta, statistical), Saverlty critera
applied 1o individual components or like
graups. Factors affecting severity
assessment criteriz, Temperature
diffarence criteria (AT or qualitative).
Maximum permissible lemperatura criteria
(guantitative}, Profile assessment crileria,

Guidalinas listed in the standard, CM/GEN
Appendix B and ather itaratura, Including:
General severty oriteria topics (absolute,
delta, statistical), Severity criteria applied to
individual componants or like groups,
Factors affacling severity assassmeant
criteria. Temperature difference criteria (AT
or qualitative). Maximum parmissible
lemperalura crilera (guantitalive).

Profile assessment crilera

3.03

Level and span adjustment

Understand setlings lor widest
temperatura, level and span, In the area of
the anomaly and reference temperatures.

3.04

Statistical analysis

Evaluate existing software packages and
recommand a basic package suitable for
the instrument and application being
considerad

3.05

Image subfraction

Evaluate existing scftware packages and
recommend an advanced packapge suitabla
for the Instrument and application being
considerad

Evaluate existing software packages and
spacify ong suitable for the instrument and
application being considered.
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Subject Category Category sub-topics

Ref: Syllabus topic 1]273 Category 1 Category 2 Category 3

3.06 __._._mmm. montage ™ ™ e | Basic requirement for image montage, Image montage proceduras 1o achigve the Specily the procedurs for achieving image

best image quality. miontzge quality.

3.07 Temperature trending ™ ™ e | Understand how 10 use the software and be | Evaluate existing software packages and Evaluate existing software packages and
able to demanstrale the basic princlples of recommend one suitable fof the Instrument | specify one sultable for the Instrument and
lemperaturs irending, and sppiication being considersd application being considersd

3.08 Geaeneral _am_mm _:_m_._u__,m—m:,c: ™ ™ & | Ensure recorded thermogram is & true Record and evalualzs the thermogram as & Revision of Category2

guidelines representation of an anomaly, e.g..: true representation of an anomaly, e.g., Is
| the Image In focus? |s the lamparalure the image in focus? Is the lamparature
Range/Span/Level comrectly sst? Range/Span/Leval correctly 5217 1s the
|5 the terget below minimum spot size? large! below minimum spol size? Are all
Are all instrument sattings comect? Instrument settings comrect? Are there any
Ara thare any olher 'axternal anomalies' raflections from nearby objects or the sky
that may corrupl the ganuine resull? present? Genuine or false anomalies.

4 Condition monitoring 4.5 0 0.57 o

4.01 Discussion on general industrial - ™ Basic application of thermography in the Include and discuss some simple examples

applications [ollowing fields: and thermograms lor application In
Mechanical & Process. modules not included in the selected
Elactrical. certification module & mention any
Building & Civil oxamplas. applicable standards
4.02 Active and passive o | w e | Basic diferance betwaan the two Fully undarstand the differance batween Extonsiva knowledge of the difference
quﬂnmﬁmﬂ_:w lechnigues. the two tachnigues. beltwean the two technigues and various
excitation sourcas.

5 Diagnostics and 1 2 2

prognostics

5.01 Basic principles of diagnostics ™ ™ s | Basic understanding of the standards, Complete understanding of the standards, Complete understanding of the standards

(ISO 17359 & 13379-1) coneantrating on the application of and be able lo critlcally svaluate sactions
diagnosic techniques. raialing Io diagnostio techniques.

5.02 Basic ﬂq_:n_ﬁ_mm of ﬂq_n.m.._.ﬂm—_nm . - Complele understanding of the standard, Complete undarstanding of the standard

(1ISO ,_mmm._..._”_ concentrating on the application of and criically evaluate sections relating to
prognosiics technigues prognostics iechnigues.

6 Condition monitoring 4 10.5 7

applications

6.01 Plant & equipment engineerning .| ® s | Knowledge of the basic principles of 150 Knowledge and understanding of the Knowladge and understanding of 1S0

principles. 13379-1, 17359, and BSEN 60812 relating | prnciples of IS0 13372-1, 17359, and 13379-1, 173589, and BSEN 60812
. lo Tailure modes of systems and associated | BSEN B0812 relating fo failure modes and including failure modes and associated
Component failure modes and (harmal signaluras, associaled tharmal signatures of basic thermal signatures of lhe complas
assoclated thermal signatures electical, mechanical (such as rolating and | elsctrical, mechanical (such as rolating and
related to the target siFe. sliding theory } and bullding consiruction sliding thanry) and building construction
# systems. systams.
D_____U_n.m of camerallens Also, Including the basic principles of the
combination or software following CM activities:
features. Acoustic emissions (AE)
Lubrication analysis (LA).
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Ref: Syllabus topic 1273 Category 1 Category 2 Category 3
Exothermic/Endothermic Vitration analysis (VA).
applications
6.02 mm{mlq assessment and ™ ™ - Aware of currently recommeanded data Implement data curently recommendad Implemant data currently recommendad
acceptance criteria (engineering wnﬂuﬂﬂmm necessary recommend
codes and slandards)
6.03 Safety issues ™ Basic principles of national ar local salety
procedurs specified by the National
standards, "Client’ or C2/C3
Thermographer
6.04 Fault analysis . Basic principles of faull analysis.
6.a) Electrical applications
6.3.01 Electrical engineering ™ . Basic construction of typical electrical Construction of typlcal slactrical componont
: component and systems, areas where heat | and systems, highlighting the areas whers
(campanents & nn_..m_En:n:.u Iz likedy to be generated and possible heat is likely to be generated and possibly
anomalies arise: anomalies anse:
Extra-Low Valtage (E-LV). Extra-Low Vollage (E-LV)
Low Voliege (LV). Low Voltage (LV),
High Yoltage (HY). High Valtags (HY])
6.a.02 IR "_._mué to electrical ™ ™ Basic alectrical theary, including: Extensive electrical thaory, Including:
Ralationehip balween currant, vollage and Ralatlonship betwean currant, vollage and
m.ﬂﬂ__:ﬂﬂ:g..ﬂ m-__._n_n .n_._ﬁ_._ﬂm_ rasisiance. Relaticnship betwesn power, resistance, Relationship batweesn power,
signatures Including current and resistance, Harmonics current and resistance, Harmonics
recommended maximum {particularty 3™ ordor/zero sequence). {particularly 3" orderizero sequence),
component operating Effect of eddy curranis on thermal patlens, | Effect of eddy currents on thermal patiems,
temperatures & target size [Tanger of circulation currents. Themmal Dangear of circulation ourrants, Thermal
theory, theory.
6.a.03 }ﬂn__.nm_:nﬂm examples with ™ ™ Basic principles of elsctrical distribution Principles of electncal systems and
anomaly analysis systems and present thermograms of present thermograms of complex electrical
various electrical anomalies, with full anomalies, with full analysls, for axamplas
analysls, for examples lisied balow: listed below:
e) Electrical distribution E-LY, LV and HV. E-LV, LY and HV.
f) Elecltrical panels E-LW, LV and HV. E-LV, LV and HV.
g) Electrical components Caonduclor typss, Revision af Calegory 2
Tarmination types.
Fuse types.
Contactor typas,
Main isclator types,
Cwerload types.
Other componants,
h) Electrical motors Cage and motor windings. Revision of Categary 2
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Tarminal box.
Bearings.
ACIDC molors,
6.a.04 | Anomaly analysis with . . Ewvaluate anomalies and _.._m_unﬂ._.__sm;n Critically avaluate anomalias and
= : comective action in the following: recommend comective action In the
recommended corrective action Low voltage examples - open end closed following:
panals, Low vollage examplas - opan and closed
Moitors, panels,
Busbars Motors,
High voltage systems. Busbars.
Translarmars. High vallage syslems.
Power lines. Transformers.
Measuring temperatures through safety Pawer lines
grills and windows, Measuring temperatures through safety
grills and windows.
6.a.05 | Safety issues ™ . Mational and |ocal electrical standards and | Revision of Catagory 2 and also:
knowledoe of the following: Provide C1 or CZ thermographers with Risk
Risk Assessmenl and Method Statement Assessment and Method Statement
example. Safe approach boundary. documeants.
Working near live aquipmant al very closa
range. Removal of panels on five electrical
equipment, Maintenance of electrical joints.
Working al height. Prapare a basle Risk
Assessment and Method Statemeant
doourment
6.b) Mechanical applications
6.b.01 | Mechanical engineering ™ ™ Basic _ﬂ_:_..ni_mm of design and operation of | Design and operaticn of the _n____u_..___,_“.._.m_mL
] the following: Bearing design — ball, laper, Bearing design — ball, laper, roller an
nnu.._._ﬂ..n.:m_._nm and con m:._._ﬂw._n_:._ roller and other types. Motor types - other types. Molor types - extemnally
externally cooled, enclosed, AC, DC. cooled, enclosed, AC, DC. Pump types -
Pump types — centrifugal, piston, screw. cantrifugal, piston, screw, Fan types —
Fan types — centrifugal, plslon, scraw, cantrifugal, piston, screw, Comprassar
Compressor types — piston, scraw, typas — piston, scraw, Valve types and
Valve types and basie design: Shut off and basic design: Shut off and check valves
chack valves and Salely valves and Salely valves, Gearboxes — gear,
Gearboxes — gear, wonm, bevel, wormn, bevel, Drive types — direct coupled,
Dirive types — direct coupled, belt gear belt gear drives. Steam trap types -
drives. Steam trap types — thermostalic & thermaostalic & thermodynamic including
thermadynamic including basic design and | basic design and principle of operation.
principle of operation. Heal exchangers - Heat exchangers - finned tube, external
finned tube, external flow, intemal flow. flow, intarmal flow.
6.b.02 IR theary to mechanical ™ ™ Dealing with highly reflective surfaces Advanced knowledge of the following:
Dealing with arlls, Drives. Steam theary: Bolling temperature
m..nn__:nw:n__:_.w and ."_._m_._dm_ Basic knowledge of the following: Drives. vs, pressure, Phase change — ice—waler-
signatures _:n_:n_:m sltgam. Steam tables. Wet steam and
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recommended maximum Steam theory: Closed steam systems. - superheated steam. Energy loss
Tamperature vs. prassure. Phase change — | calculations;
operating lemperatures ice—water-steam. Steam tables, Wat steam | Example - heat transfer through a fumace
and supermsated steam. Energy Ioss wall. Example — heat loss from @ furnace
calculations: wall.
Example - heal transfar through a furnmace
wall. Example — heal loss from a furnace
wall.
6.b.03 | Applications examples with . . Basic principles of mechanical systems and | Principles of mechanical systems and
anomaly analysis present thermograms of varous present thermograms of various
meachanlcal anomalles, with full analysls: mechanlcal anomallas, wilh full analysls:
Process Industry: Food, papar, Process Industry: Food, paper,
petrachemical eic, Mechanical applications: | petrochemical etc. Mechanical
Conveyors, elc. Active Tharmography, e.g., | applications: Convayors, alc, Active
wind turbine blades Thermography, e.q.. wind turbine blades
c) Rotating & sliding equipment Deafective bearings, shafis, couplings, Revision of Categary 2
misalignment, [riction, slc.
d) Fluid flow & processes Blocked pipas or heal exchangers, Revision of Categary 2
Depaosit in pipes or leeking valves.
e} Power fransmission Crvarheating gearboxes, belt sfip. Ravision of Catogory 2
Dafective couplings
J Furnaces Rafractory lined or external insulation Revision of Category 2
defects.
q) Pipes, tanks & insulation Deapasit leval In tanks. Revislan of Catagary 2
Trace hesting defects, efc,
6.b.04 .___.___.:.u..:m_..w. mq.__m_u..m_m with ™ ™ m_.__m_:ﬂ,w _umu._.n m:uﬂ.m_.ﬂ_mﬂ recommend Evaluate n__”_u_._.ﬁ_uu ".m:n_m_.“...“ﬁm._rmw__ mﬂ
: £ carrective action in the following: recommend comective action in the
recommended corrective action Rolating equipmenl, preload, alignmant, following:
ele. Conveyor belts problems. Paper Rotating equipment, preload, alignment,
machines, mechanical & process, Fluid elc. Conveyor belis problems. Paper
flow problems. Heat exchangers blockage machines, mechanical & process. Fluid
Furnace refractories and tubes. Effect of flaw problams. Heal exchangers blockaga.
wind on 1all struclures, Tank deposits and Fumace refractores and lubes. Effect of
insulation. Active Thermography, e.g.. a8 wind on tall siructures. Tank deposiis and
wind turbine biade. Insulation. Active Thermography, e.g.. a
wind turbine blade.

6.b.05 | Safety issues ™ . Krnow about national and local mechanical Ravision of Category 2 and also:
standards and damonsirats knowledge of | Provide C1 or C2 thermographers with Risk
the following: Assessmant and Method Stalement
Risk Assessmant and Method Statement documents.
exampla.

In the absence of a C3 thermographer, be
able lo prepare a baslc Risk Assessment
and Method Statemant documenl
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Subject Category Category sub-topics

Ref: Syllabus topic 23 Category 1 Category 2 Category 3

6.c) Civil applications

6.c.01 | Civil Engineering (components & | = Basic knowledge of the follawing: Camplex knowledge al the follawing:
nﬂ:mﬁ:n__n:__ Owerview of building envelops lypes Overview of building envelope lypes
E Construction types w:h“ﬂm_ﬂnmﬂmﬂwm{. Ravision of Category 2

L] N

+ Domastic bulldings before approximately
1940,

+ Domestic buildings built sfter 1940

= Commercial buildings.

* Industrial buildings.

# Sick-bullding syndroma.

» Wooden frame construction.

b) Material types Steel fabrications. Revision of Catagory 2
Concrate structures - plain or relnforced
Various typas of brick — building or fire
bricks
Stane typss.

Glass.
Plastics,
Wood, elo,

6.c.02 | IR theory to civil applications, . . Typical thermal signatures in civil Complex thermal signatures in civil
thermal signatures, thermal applications as well s applications as well as:
energy lransient/steady slale
transfer.

Energy storage.

Survey procedures, min/max

environmental & equipment

recommendations.

Recommended equipment

& test conditions.

Any current standards or

guidelines?

b} Properties of materials IR charactaristics of building matarials. Revislan of Catagary 2
Physical & machanical properties of
building materials.

Tharmal propertias of bullding & other
malerals.
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Ref:

Subject
Syllabus topic

Category

Category sub-topics

Category 1

Category 2

Category 3

c) Environmental conditions &
their effect on thermal
patterns B

Radiant heat transfer caused by the solar
radiation or cloudless night sky

Effect of ambient lemperature varalbions.
Effect of reflectsd tempersture,

Wind effect {convection),

Effect of rain (malstura),

Phasa change (evaporation).

Revision of Category 2

6.c.03

Building applications examples
with anomaly analysis

Rasic knawlados of the fellowing typas of
consiructions,

Domaestic buildings.

Commerclal bulldings.

Industrizl bulldings.

Exlensiva knowledgs of the fallowing:
Domestic buildings.,

Commercial bulldings.

Indusirial bulldings.

b] Insulation

Types of insulation. Tharmal resistance of
insulating metensls

Ravision of Calagary 2

c) Moislure

Theoretical and practical methods for dew
polnt estimates. Dampness, iranspor
mechanism and thermal signature.
Condensafion, transport mechanism and
Lhermal slgnalure.

Revision of Categaory 2

d) Alr leakage/air lightness

Extarmnal measuremant of thermal pattams -
building incressed prassurs and examples,
Intemal measuremen! of tharmal pattems —
building reduced pressure and examplies.
Leak dalection using smoke 18 equipment.
Equipment for contraling building pressure
Test procedure,

Ravizsion of Catagory 2

6.c.04

Other structures

Basic knowledge of other structures:
Rendered buildings.

Conecrata tarmac surfaces.

Tunngls & bridges, eto.

Knowledge of other structuras:
Rendered buildings.

Cancrala larmac surfaces.
Tunnals & bridges, elo.

b} Structural details and
delecls

Delamingtion in conorala struciures.
Corrosion of Concrate.

Other Dafacts.

Industrial relfraclory lined furnaces.,

Ravision of Category 2

c) Structural finishes

Briok or concrate
Rendearing.
PalnL

Glass

Plastics,

MMetals.

Revision of Category 2

6.c.05

Anomaly & thermal patterns
analysis with recommended
corrective action

Evaluate basic anomaliez and recommeand
corracliva action for the following:

Raoofs and Cailing.

Walls.

Glass windows.

Ravision of Category 2
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Subject Category Category sub-topics

Ref: Syllabus topic 1]273 Category 1 Category 2 Category 3
Air tightnass.,
Datamination {Spalling).
Cold bridging.
Linderfloor heating systems,
District heating systems.
Asphalt roads.
Rafractory lired industrial furnaces &
slacks
Paltution cantrol
Active Thermography axample,

6.c.06 | Safely issues ™ ™ Mational and local mechanical slandards Ravisian of Catagory 2 and alsa:
and demonstrale knowladge of the Provide C1 or CZ thermographers with
following: Risk Assessment and Method Risk Assessment and Method Statement
Statement axample. Prapare a basic Risk documents
Assessmant and Method Statamant
document,

7 Reporting and 1 0.5 0.5

documentation (ISO
international standards)

7.01 Report writing - - e | Produce repors, based on instructions Produce extensive reports based on the Produce comprehensive reparts based on
from a C2 tharmographer, on the survay survay findings in compliance to IS0 the survay findings in compliance with 150
findings that include requirements from IS0 | 18434-1. Analyse reports produced by C1 18434-1. Analyss reparts produced by C1
18434-1, thermographers. & C2Z thermographers. Specify the required

format and contant.

7.02 ._.Imﬁﬂ._n_mﬂm.nzm_.m‘ and end-users’ | = ™ o | Produce reporis that salisfy all Produce reporis Lhal satisfy all Produce reports thal satisfy all

responsibilities requirements of 150 18434-1 and the requirements of 150 18434-1 and the requiraments of 150 18434-1 the "Cliant .
‘Client’. ‘Client’. Analyse reports produced by C1 Specily rapart formal, analyse reporls
thermographers produced by C1 & C2 thermographers.

8 Condition monitoring btk i 34

programme design

8.01 General principles ™ ™ s | Baslc principles as described in; Analyse Infarmation from the fellowing Critically analyse and deslgn approgriate
CMIGEN Appandix B, IS0 17359, 18434, documeants: CM/GEMN Appendix B, 150 pragramme based on reguirements:
13374, 133791 and 13381, 173589, 18434, 18436, 133781 and CM/GEN Appendix B, IS0 17358, 18434,

13381, or olher relevani slandards 18436,13379-1 and 13381,0r other relevant
standards

8.02 ._.mn_“._:ru._._m selection ™ - Consider survey téechnique appropriate to Specify survey lechnigue appropriate to

application, &g, selection of IR instrumant application or write new procadures,
and additional aquipmanl

8.03 Measuremenl intervals .| @ Implement Inspaction interval requirements | Spacify inspection inferval requiremeants

in compliance with supplier basad on supplier recommendations and
recommendations and historic anomaly histeric ancmaly records.
racords.
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Subject Category Category sub-topics
Ref: Syllabus topic 1273 Category 1 Category 2 Category 3
g8.04 Reference lemperatures ™ ™ e | Principles of reference temperaturas Evaluate data presented in existing Critically evalisate data in existing literalure
litaratura or specifications. Provida or specifications or create data specific to
Instructions to ©1 thermographers, application.
g.05 Plant & equipment baseline " | ® e | Principles for baselines temperaturas. Evaluate established basaline Establish baselina temperatures data as
temperalures temperatures data based on: well as specify new values based on:
+ Mew eguipment (or building) at operating |  Mew equipmant (or building) at operating
loads |oads
= Recommendations by manufacturers or = Recommendations by manufacturers or
(designers) (designers)
« Experience = Experiance
Issue instructions to C1 thermographers on | Issue instructions to thermographers.
the values to be used.
8.06 CM ma nagement En.n_mn__.__.m and ™ ™ Evaluste existing data and recommaend Evaluate existing data and recommend
corractive proceduras based on severty, correctiva procedures based on tha
process development safaty, oost, slo. Instruct C1 anomaly severity, safety, cost, elc.
thermographers, Maintain up lo date Write instructions for thermographers,
records, Implement procedures.

B8.07 Alarm values ™ - Understand severity of the anomalies and Evaluale severity of the anomalies and set

establish alarm valuss alarm valuss.

9 Condition monitoring 1 1 1

programme implementation

9.01 Overview ™ Basic principles behind the documents;
IS0 17359, 13381-1, 18434-1 and their
effect on IR survays.

9.02 Safe system of work e | o | e | Follow basic regulations in 150 184341 Implement the basic regulations in 150 Ensure compliance with regulations n 1S0
and specific national and local site 18434-1 and specific national and local site | 128434-1 and specific naional and local site
regulations refated to thermography. regulations related to thermography. regulations related to thermography,

Also analyse lopics raised in sections 6.a) Also, analyse topics ralsed in sections 6.a).
B.b) 5 and 6.c), E.b) and 6.cl
9.03 Roles and -.mwﬂ.u_:m_-um_-:.mm . - Raoles of the ‘Client” and the tharmographer: | Roles of the ‘Clienl’ and thermographer:
s |mplement procedures approved by a + Wrile procedures
quaiified person Customer
Customer « Specify what is to be inspaciad,
= Specify what is (o be inspecied + Provide a guids qualified for the purpose.
« Provide a guide gualified for the purposs. | « Provide site induction course,
+ Provide sile induction course

9.04 Training and accreditation ™ e | PCN requirements o abtain the C1 PCH requiraments 1o obtain the C2 PCM requirements to obtain the C3
cerilicala, cerlificala. carlificals,

10 Condition monitoring 0.5 0.5 B

programme _.-._m:mmm__....n...n
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Subject Category Category sub-topics
Ref: Syllabus topic 1273 Category 1 Category 2 Category 3
10.01 mm_.mq management . - e | Interpret and apply safety requiremants Interpret and apply safety requiremants Write and implemant safaly requirements
spacified by the ‘Cliant” and/or qualified C2 spacilied by any natienal laws or agroad by the ‘Cliant'
or C3 certified suparvisor. regulations, e.0., as applicable in UK:
Health and Safety at Work Act (HSWA) Have full understanding of the Acts and
Electricity at Wark regulations {EAW) Regulations applicable in the area of
Canstruction (Dasign and Managoment) pperation.
Ragulations {CDM)
Provision and Use of Work Equipment
Regulations (PUWER]
By the ‘Clienl’ and'or the qualified
= supervisor with C3 cerfificats.
10.02 Equipment management .| ® s | Follow equipment management procadure | Implement equipmeant management Write 2nd implemant equipment
and make certain that the IR instrument to procedure and ensure the equipment to be management procedure; ensure full
be used is ‘cartified’ and functioning usad |s ‘cartified” and funclioning correctly. compliance.
comacily.
10.03 Procedure management ™ . Tharmegraphy procedure management and | Thermography (and othar CM) procedura
ensure it is fully implemented by &l sile managemant system and ensure il is fully
Tharmographers. implemented by all staff. Write new
procedures.
10.04 Skills and campetence s | ® Collate the following recards: Collate and manage records;
mana Thermographer skills; Thermographer valid | Thermographer skills: Thermographer valid
gement . 8
cartification. carfification; Write new proceduras,
10.05 Database management . - e | Foliow procedure for thermography Faoflow procedure for thermography Wirite the procedurs for themography
databaze managament detabase management and ensure it is database management ansuring it is
[ollowed by G1 thermographars. followed by all thermographars.
10.06 Managing corrective aclion . . Collate and In conjunction with the 'Client’, Collate and in conjunction with the ‘Client’,
_:..__n._m mentation recommend corrective actlon to be 1aken, recommend corrective actlon lo be laken,
Whensver possible, making cerlain that the | Whenever possible, making certain that the
database |s kept up to date on the action database |s kept up to date on the action
actually taken and ensura that this actually taken and ensura thal this
pracedure is followed by all C1 procedurs is followed by all
thermuographers thermagraphers.
11 ._._.m__..__ﬂm examination 1 2 2
12 Practical skills evaluation 2 0 0
Total Hours 33 32 32
Motes:
1. Category 2 includes the knowledge of Category 1; Category 3 includes the knowledge of Category 1 and Category 2.
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2. Al Categories 2 and 3, the times allocation are indicative only, indicating the bias towards application topics, and the actual time spent for each topic is flexible,
provided an advised minimum of approximately 24hours is allocated per field of application.
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Certification Services Department
Midsummer House, Riverside Way
Bedford Road, Northampton

NN SNX, United Kingdom

Tel: +44 (0} 1604-438-300
Fax: +44 (0) 1604-438-301
E-mail: pcn@bindt.org

Annex B — Reading references

NDT

THE ARITIEH INSTITUTE DF
HON-DESTRUCTIVE TESTING

Essential Reading (material from which examination questions can be developed)

<UD

Categories Title Author(s) Publisher Reference

1,2, 3 ASNT Level 3 Study Guide- H Kaplen American Sociely of | ISBN
Infrared and Thermal Testing Non Destructive 1571170154
Method Testing, 2001

2,3 Safe Thermal Imaging of Electrical | C. Pearson | UK Thermography Application
Syslems Association, 1997 Guide AG/ST

2,3 Thermal Imaging of Building C. Pearson BSRIA ISBN 086022-
Fabric 590-9

1.2, 3 Common sense approach lo G C Holsl Saociety of Photo- ISBN
thermal imaging Optical 0812437220

Instrumentation
Engineers, 2000

1,2, 3 Infrared Thermography- A Nowicki BINDT 090313232X

Applications
2,3 Measurement in Thermography C. Ohman FLIR Systems AB 1557498
Rev A

3 Condltion-based Maintenance C Pearson BSRIA ISBN
using Mon-Destructive Testing: A Seaman BE0226115
Application Gulde AG 1/2003

1.2, 3 Infrared Thermography- Theory & | N Walker BINDT 0903132338
Practice

3 Acoustic emission and ultrasenics | T Holroyd Coxmoor 1901892077

3 Vibration moniloring handbook C W Reesve Coxmoor, 1998 190189200X

3 The wear debris analysis Bd Coxmoor, 1999 1901882026
handbook Roylance &

T M Hunt
3 Oil Analysis Evans and Coxmoor 1801892050
Hunt

3 Defects in Buildings, symptoms, M Billington; | Carillon Services ISBN
investigation, diagnosis and cure’, | 2001 0117024368

23 Measuring Alr Permeability of ATTMA ATTMA: 2006 MNA
Building Envelopes —Technical
Standard 1.

23 Airtightness testing- The essential | David BSRIA, 20086 D86022662X
guide to Part 2 of the 2006 Pickavance
Building Regulations (LK)- and Tom
BG4/2006 Jones

=

3]

g

The British Institute of Kon-Destructive Testing is an accredited certification body offering personnel and quality
management systems assessment and cartification against criteria set out in international and European standards through
the PCN Certification Scheme. @ 2022 The British Institute of Non-Destructive Testing. All Rights Reserved. This document is
protected by UK and intermaticnal copyright laws and remains the intellectua] property of BINDT. Reproduction and
distribution of the document without the written permission of BINDT is strictly prohibited.




23 Airtightness testing for new Migel Poller | BSRIA, 2004 DBE0226484
Dwellings; A practical guide for and Chris
bullders and lesters {UK); Knights
BG11/2004

1,2 An Introduction to Condition Professor A. | BINDT 978 0 903132
Monitoring and Diagnostic Hope & Mr D 76 3
Technologies Whittle

(Editors)

Standards, codes and specifications (Material from which examination questions can be developed)

1.

10.

11.
12,

13.

ISO 13374. Part 1. Cenditien menitoring and diagnostics of machines- Data processing,
communication and presentation: Part 1. general Guidelines

IS0 13372, Condition monitoring and diagnostics of machines- vocabulary
IS0 17359, Condition monitoring and diagnostics of machines- general guidelines

IS0 13378-1, Condition monitoring and diagnostics of machines. Data interpretation and
diagnostics techniques. General guidelines

CMGEN, General requirements for qualification and PCN certification of condition monitoring
and diagnostic personnel

S0 13381-1, Condition monitaring and diagnostic of machines, prognostics: Part 1 general
Guidelines

ISO 18436-1, Condition monitoring and diagnostics of machines; requirements for gualification
and assessment of personnel. Part 1, Requirements for cerlifying bodies and the cerification
process

ISO 18436-7, Condition monitoring and diagnaostics of machines; requirements for qualification
and assessment of personnel. Part 7, Thermography

ISO 18434-1. Condition monitoring and diagnostics of machines. Thermography. Part 1:
General procedures.

-BS EN 60812, Analysis technigues for system reliabllity. Procedure for fallure mode and effects
analysis (FMEA)

BS EN 61025, Faull free analysis (FTA)

IS0 9869-2 Thermal insulation — Building elements — In-situ measurement of thermal resistance
and thermal transmittance — Part 2: Infrared method for frame structure dwelling

ISO 13187, Thermal performance of buildings- Qualitative detection of thermal irregularities in
building envelopes- Infrared method

Recommended reading (Informative) {material that contains helpful information on a related subject)

Calegory Title Author(s) Fublisher ISBN/Publ
Mo

1,2 Product Technology BINDT MNA
Classroom Training
Handbook

2,3 Practical Applications of H Kaplen Society of Photo-Optical 0819431389
Infrared Thermal Sensing Instrumentation Engineers,
and Imaging Equipment 1999, 27 Edition
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23 NFPA TOE Standard for NFPA MNFPA (USA), 2004 Edition MNA
electrical safety in the
workplace

3 Business-focussed J Harris, P BSRIA, 2004 0860226042
Maintenance- A BSRIA Hastings BG/3/2004
Guide

3 NFPA 70B Recommended NFPA, MFPA (USA), 2002 Edition NA
practice for electrical
equipment maintenance
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JUNIOR | - INTERMEDIATE 11 -
SENIOR 11l - EXPERT IV

VIBRATION ANALYST TRAINING &
CERTIFICATION

lelTenf &

ITCfF FiCa

EAMY§.:&“N:I; II'N:LSTIl'lIEUTlE

rms-training.com www.mobiusinstitute.com



http://www.mobiusinstitute.com/
https://rms-reliability.com/training/

L EARN THE.

WHY LEARN WITH MOBIUS INSTITUTEE?

There are three major reasons why over 5,000 students choose Mobius Institute every
year:

We make complex topics simple with amazing 3D animations and simulations that
make you say, 6Ah, now | get it!d

We give you access to the entire course before the class begins so you are better
prepared, and for four months after the course, or you can choose a 1-Year Continued

Education Upgrade.

We use anonymous, stress-free polling throughout the course, so you know if you
truly understand each topic, and the instructor knows not to move on to the next
topic - no student is left behind.

There are many other reasons why vibration analysts, and their managers, choose
Mobius Institute.

MOBIUS ol MOBIUS

INSTITUTE / NN (NSTITUTE

www. mobiusinstitute.com

W Mobius Institute |
— 1SO 18436-2 VCAT I-1V

113


http://www.mobiusinstitute.com/

MOBIUS
INSTITUTE

WITH MOBIUS INSTITUTEE, YOU CAN LEARN YOUR WAY.

We offer the ultimate flexibility. See the course details for more information.

CLASSROOM VIRTUAL PRIVATE ON-SITE
INSTRUCTOR-LED INSTRUCTOR-LED INSTRUCTOR-LED

COURSES COURSES COURSES

We have training partners Attend a virtual course Have the instructor come
in 60 countries, offering 23 - just like a live course, to your site to save your
languages. but you learn via precious time and money

GoToMeeting. (and health).

WHY BECOME CERTIFIED BY THE MOBIUS
INSTITUTE BOARD OF CERTIFICATIONE?

There are so many benefits to becoming certified:

You should be recognized for your achievements; not everyone is up to the
challenge of understanding vibration analysis, let alone successfully
collecting data and utilizing it

Being certified by an accredited certification organization is a major step
up from simply passing a test. Yes, the process is a little more
complicated and stricter, but that is for very good reasons

The educational process is extremely valuable, but being certified tells an
employer (or a consulting client) that you are capable of doing an
important job

Mobius Institute has certified more vibration analysts than any other organization,
and we have only been offering certification since 2005. Almost 40,000 vibration
analysts around the world, just like you, chose Mobius Institute.

You will receive a digitally encrypted certificate, an ID card, and a personalized
logo that you should use in email signatures and elsewhere that you want people
to know about your achievements.

Mobius Institute |
1SO 18436-2 VCAT I-1V

O]

[——
ONLINE VIDEO
COURSES

Traditional eLearning
courses and
iLearnReliability
Learning Management
System (LMS) courses

‘f ) J MOBIUS
Sl NSTITUTE

BOARD of CERTIFICATION
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Learn to be an effective vibration technician®capable of collecting quality data, and
performing basic analysis and data validation®with advanced 3D animations and
interactive simulations that make everything easy to understand.

Welcome to the beginning of the vibration analysis journey.
The good news is you are in the right place. Our VCAT-I ISO

Category | course will set you up for success. VCAT-I CANDIDATE PROFILE

Once you complete the training, you can take the exam 6
with confidence, and become certified to 1SO 18436-
2 Category | via the internationally respected Mobius
Institute Board of Certification [MIBoC]. The MIBoC ) _
certification is accredited to 1ISO/IEC 17024 - there is no A~ Collect vibration data

higher standard. You will join thousands of other Mobius A Validate that the data is good
Institute certified analysts around the world. 2 Begin to perform basic analysis

Use the training and certification as the start of

This course is intended for the vibration analyst who
will:

a new and rewarding career as a Vibration
analyst

m Mobius Institute |
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VCAT-1 Junior Vibration Analyst ISO 18436-2 Category |

WHAT WILL YOU GAIN FROM
TAKING THIS COURSE?

o

There are so many benefits to taking this course. You

will learné

A About condition monitoring, including a summary of the
most common technologies

A About reliability improvement

A How vibration analysis plays a key role in reliability
improvement

A About how machines work via the supplementary self-
study fiequipment knowledgeo section of the manual

A About the fundamentals of vibration: waveforms,
spectra, and simple metrics (overall levels, RMS, peak,
peak to peak, and crest factor)

A How to take dependable, repeatable, high-quality
vibration readings

A About vibration sensors, and how and where to mount
them

A The basics of the analysis process, primarily with
vibration spectra

A The basics of the key analyzer settings: fmax,
resolution, and averaging

A The basics of setting alarm limits

A About the common fifailure modesd of machines and how

to detect them, including rolling element bearing faults,
unbalance, misalignment, looseness, and resonance

VCAT | FAST FACTS
o

Duration:
30 hours, typically over four days

Format:

A Live public course

A On-site course

A Virtual online course

A Video distance learning online course

Compliance:

A Training and certification: 1SO 18436-2

A cCertification: 1SO 18436-1, ISO/IEC 17024
A Training: 1SO 18436-3

Exam:

A Two hours

A 60 multiple-choice questions

A 70% passing grade

A Can be taken online or in-person at the course

Certification requirements:

A Training course completed

A 6-months of work experience, verified by an
independent person

A Pass the exam

A Vvalid for 5 years

Pre-study:

R Access to the fiLearning Zoneod upon registration and
payment

A Complete set of videos covering every topic

A

An excellent way to be prepared and get the most
from the course

Post-study:

A Continue to access the Learning Zone for 6-months
after the course

A Continue learning, without charge, on MOBIUS
CONNECTE via mobiusconnect.com

Mobius Institute |
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Learn to be an effective vibration analyst - capable of diagnosing a wide range of faults, conducting
special tests, and performing precision aligning and balancing machinery - with advanced 3D
animations and interactive simulations that make everything easy to understand.

So, you are ready to take the next step in your vibration

analysis career. The good news is you are in the right place.

Our VCAT-II ISO Category Il course teaches you what you
need to know to be a successful, confident, and competent
vibration analyst.

We will teach you how to diagnose a wide range of fault
conditions. We will teach you how to collect the right data
with the correct vibration analyzer settings. And we will
teach you some useful tips and tricks so that you may
validate the diagnoses that you make. In addition, we will
teach you about shaft alignment and balancing so that you
can improve the reliability of the equipment.

Once you complete the training, you can take the exam
with confidence, and become certified to 1SO 18436-

2 Category Il via the internationally respected Mobius
Institute Board of Certification [MIBoC]. The MIBoC
certification is accredited to ISO/IEC 17024 - there is no
higher standard. You will join thousands of other Mobius

certified analysts around the world.

VCAT-11 CANDIDATE PROFILE

o

This course is intended for the vibration analyst who

will:

Collect vibration data
Validate that the data is good

Set up the analyzer for routine data collection
and special tests

Diagnose most of the common fault conditions
Perform special tests to validate unbalance,
misalignment, resonance, looseness, and other
conditions

Know how to perform precision shaft
alignment and balancing

Use the training and certification as the next
step in a rewarding career as a vibration
analyst

Mobius Institute |
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VCAT-11 Intermediate Vibration Analyst ISO 18436-2 Category |l

WHAT WILL YOU GAIN FROM
TAKING THIS COURSE?

o

There is a great deal to learn, but it will help you to
perform your role with confidence. In this course you

will:

VCAT Il FAST FACTS
o

Duration:
38 hours, typically over five days

Format:
A Increase your knowledge on maintenance practices, A Live public course
condition monitoring, and the common condition A On-site course
monitoring technologies A Virtual online course
A Increase your knowledge about data collection, testing A Video distance learning online course
techniques, sensor types, and so on
A Learn a great deal about signal processing and the
settings of your vibration analyzer Compliance:
A Increase your knowledge of spectrum analysis, time A Training and certification: 1SO 18436-2
waveform analysis, and phase analysis A Certification: 1SO 18436-1, ISO/IEC 17024
A Understand why phase analysis and time waveform A Training: 1SO 18436-3
analysis are both critical tools used by the vibration ’
analyst
A Learn about common failure modes and how to detect Exam:
them, including unbalance, misalignment, looseness, A Three hours
resonance, pump/fan/compressor vane, and flow issues, A 100 multiple-choi tion
cavitation, turbulence, gearbox failures, rolling element o u pe—c olce questions
bearing failure, and more A~ 70% passing grafje _
A Learn about high-frequency bearing and gear fault A~ Can be taken online or in-person at the course
detection techniques: demodulation, enveloping, SPM
HD, shock pulse, PeakVue, Spike Energy, and others . . .
. . Certification requirements:
A Be able to use spectra, phase readings, time o
waveforms, bump and impact tests, to test for A~ Training course completed
looseness, resonance, and other conditions R 18-months of vibration analysis experience, verified by
A Learn about precision shaft alignment and soft foot an independent person
correction A Pass the exam
A Learn about single and two-plane balancing A valid for 5 years
A Learn the basics of setting alarm limits: band alarms,

and mask/envelope alarms

The key is that with the VCAT-I11 course, you will transition

Pre-study:

A Access to the fiLearning Zoneo upon registration and
payment

A Complete set of videos covering every topic

A An excellent way to be prepared and get the most
from the course

from being a person who is primarily capable of collecting
data to a person who can diagnose faults on the critical

machinery, and in some cases, prevent or correct them. Post-study:

A Continue to access the Learning Zone for 6-months
after the course

A Continue learning, without charge, on MOBIUS
CONNECTE via mobiusconnect.com
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Learn to be an effective vibration leader and master analyst - capable of managing the condition
monitoring program, diagnosing the widest range of fault conditions, verifying and correcting
resonance problems, performing complex balancing machinery - with advanced 3D animations and
interactive simulations that make everything easy to understand.

If you are ready to be the senior vibration analyst, with
the capability of handling all the common fault conditions
and leading the Category | and Il analysts, then this is
the course for you.

The Category 11l course is intended for people who are
confident with spectrum analysis but who wish to push on
and learn more about signal processing, time waveform
and phase analysis, cross-channel testing, machine
dynamics, and fault correction. If you wish to truly
advance in vibration analysis and be able to run a
successful condition monitoring team, then you are ready
for this course.

A" You will learn to diagnose all of the common fault
conditions with rolling element and sleeve bearing
machines, utilizing spectra, high-frequency detection
techniques, time waveforms, phase readings, and other
techniques to diagnose faults.

A You will also learn machine dynamics (natural
frequencies, resonance, etc.), how to perform
resonance testing, and how to correct resonance
problems. The course also covers single and cross-
channel measurement capabilities of your analyzer.

A And after completing the CAT-111 course, you will be able
to set up and run a successful vibration program and
mentor the junior analysts.

Once you complete the training, you can take the exam with

confidence, and become certified to 1ISO 18436-2 Category
111 via the internationally respected Mobius Institute Board
of Certification [MIBoC]. The MIBoC certification is
accredited to ISO/IEC 17024 - there is no higher standard.
You will join thousands of other Mobius certified analysts
around the world.

- EB

VCAT-111 CANDIDATE PROFILE
o

This course is intended for the vibration analyst who
will:

A Have a minimum of 3 years of experience

A Have a senior role in the condition monitoring
team
Have others report to them to verify diagnoses
Be responsible for the most complex fault
conditions (with the possible exception of
sleeve bearing, flexible rotor machines)
Need to perform complex tests to validate fault
conditions (e.g., resonance) and find a solution
Want to be a leader of the vibration team or
take a leading role in diagnosing faults and
making repair recommendations
Want to understand all data collector options,
special test capabilities, all analysis tools and
understand the widest range of fault conditions
Seek to become certified to international
standards (1SO-18436) by an accredited
certification body
Want to understand all condition monitoring
technologies, how and when to apply them
Want to understand machine dynamics (natural
frequencies, resonance, ODS), how to perform
resonance testing and how to correct resonance
problems

Use the training and certification as the next step

in a rewarding career as a vibration analyst
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VCAT-111 Senior Vibration Analyst 1SO 18436-2 Category Il

WHAT WILL YOU GAIN FROM
TAKING THIS COURSE?

o

There is a great deal to learn, but it will help you to
perform your role with confidence. The topics covered

in this course include:

A Review of condition monitoring technologies and the
1SO standards

Signal processing and data acquisition

Time waveform analysis

Phase analysis

Dynamics (natural frequencies and resonance)
Testing for natural frequencies

Operating Deflection Shape (ODS) analysis

Modal analysis and intro to FEA

Correcting resonances

Rolling element bearing fault detection

Journal bearing fault detection

Electric motor testing

Pumps, fans, and compressors

Gearbox fault detection

Corrective action

Running a successful condition monitoring program
Acceptance testing

Review of ISO standards

To o To To Do Do To Po To Do Do Do Do Po To Do D>

The key is that with the VCAT-111 course, you will transition
from being a vibration analyst who should be supervised
to a person who is capable of running the program, being
a senior consultant, solving difficult problems, and taking a
leadership role.

VCAT 111 FAST FACTS
o

Duration:
38 hours, typically over five days

Format:

A Live public course

A On-site course

A virtual online course

A Video distance learning online course

Compliance:

A Training and certification: 1SO 18436-2

A certification: 1SO 18436-1, ISO/IEC 17024
A Training: 1SO 18436-3

Exam:

A Four hours

A 100 multiple-choice questions

A 70% passing grade

A Can be taken online or in-person at the course

Certification requirements:

A Training course completed

R 36-months of vibration analysis experience, verified by
an independent person

A Have previsouly been certifed to VCAT-11 by a MIBoC
approved certification body

A Pass the exam

A valid for 5 years

Pre-study:

A Access to the fiLearning Zoned upon registration and
payment

A Complete set of videos covering every topic

A An excellent way to be prepared and get the most
from the course

Post-study:

A Continue to access the Learning Zone for 6-months
after the course

A Continue learning, without charge, on MOBIUS
CONNECTE via mobiusconnect.com
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VCAT-1V Expert Vibration Analyst

I1ISO 18436-2 Category IV

Achieve the highest status as a vibration analysis professional T capable of handling any
condition that may be presented, capable of performing any test, fully understanding flexible
rotor machinery - with advanced 3D animations and interactive simulations that make
everything easy to understand.

Congratulations on being ready to tackle the Mount Everest of
vibration analysis. The good news is you are in the right place.
We have developed an amazing set of 3D animations and
simulations that even make the Category IV topics relatively
easy to understand. Topics that were once only suitable for
Ph.Dds and math geniuses are now accessible to practical
vibration analystsfas it should be.

There is a lot to learn. You are required to take 64 hours of
training according to ISO 18436-2, but we provide over 80 hours
with combined online learning and 5-day in person learning
(including Day 5 optional certification exam).

When you are ready, you must attend the face-to-face course
where the instructor will review the topics and take you through

a series of oworked examples6 until you feel ready for the exam.

This training process will ensure you understand the topics so
that you can apply the techniques in your role as the expert
vibration analysts.

This training process will also help you achieve the pinnacle
of the vibration world 8 the ISO Category IV Vibration
Analyst.

Like two courses in one

The topics are roughly broken into two groups:

1. There is an entire course that could be called fiCategory IlI

on steroids.0 Many of the topics you covered on Category
111 are covered again, but we go into more detail. Those
topics include signal processing,

- EB

dynamics, ODS, modal analysis, and so on.

2. And then the course goes into overdrive. Now you get into
the topics that are unique to Category IV. You will learn
about fluid film bearings and flexible rotors, including
measurements with proximity probes, diagnosing a variety
of fault conditions, and even balancing flexible rotors.

Mobius InstituteE animations and simulations
to the rescue

Category IV does cover a lot of practical content, but there

is a good dose of theory as well. It is the theory and the
calculations that can intimidate many vibration analysts.

But we have done our best to make it all understandable

and achievable. We provide you with

a long list of worked examples with clear explanations on
how to perform the calculations. But we also have animations
and simulations that let you understand exactly what is going
on. Rather than abstract concepts that only Ph.Dis feel
comfortable with, you will be able to connect theory with
reality because you will see it right there on the screen.

Once you complete the training, you can take the exam with
confidence, and become certified to 1ISO 18436-2 Category
1V via the internationally respected Mobius Institute Board
of Certification [MIBoC]. The MIBoC certification is
accredited to ISO/IEC 17024 - there is no higher standard.
You will join thousands of other Mobius certified analysts
around the world.
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VCAT-1V CANDIDATE PROFILE
o

This course is intended for the vibration analyst who
will:

A Have a minimum of 5 years of experience
A Have a senior role in the condition monitoring

team, but you want to go beyond and truly
reach the peak of the vibration world

Be able to understand the measurements
associated with critical turbomachinery and
other fluid-film bearing machines

Be able to do everything the Category Il can
do T only better!

There is a great deal to learn, but it will help you to
perform your role with confidence. The topics covered in
this course include:

A
A
A

o To o To o T

The key is that with the VCAT-1V course, you will transition

Advanced signal processing

Cross channel measurements

Dynamics (mass/stiffness/damping, natural
frequencies, modes)

Resonance testing (run-up/coast down tests, impact
tests, ODS, modal analysis)

Corrective action (flow control, resonance correction,
isolation, and damping)

Proximity probe and casing measurements

Orbit and centerline plot analysis

Rotor dynamics (natural frequencies, modeling)
Journal bearings (design, fluid film instabilities)
Flexible rotor balancing

Torsional vibration

from being a very good vibration analyst to a vibration
super-hero!

Duration:
82 hours: Everything on video, then a 5-day course
with exam

Format:

Expert Vibration Analyst (VCAT-IV) is a two part course. Part
one is a distance learning online course. Part two is a public
classroom instructor-led course.

Compliance:

A Training and certification: 1SO 18436-2
A Certification: 1SO 18436-1, ISO/IEC 17024
A Training: 1SO 18436-3

Exam:

R Five hours

A 60 multiple-choice questions, with calculations
required

A 70% passing grade
A Can be taken online or in-person at the course

Certification requirements:

A Training course completed
A 60-months of vibration analysis experience, verified by an
independent person

A Have previsouly been certifed to VCAT-111 by a MIBoC
approved certification body

R Pass the exam
A valid for 5 years

Pre-study:

You will have access to 52.5 hours of videos and
materials

Post-study:

A Continue to access the Learning Zone for 6-months
after the course

A Continue learning, without charge, on MOBIUS
CONNECTE via mobiusconnect.com
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MOBIUS
INSTITUTE

Mobius Institute Board of Certification is an accredited
certification body per ISO/IEC 17024 and ISO 18436-1
authorized to provide certification in accordance with 1SO
18436-1 and 18436-2.

Mobius Institute Board of Certification (MIBoC) is an impartial
and independent entity that is directed by scheme and technical
committees to ensure that its certification meets or exceeds the
requirements defined by the applicable International Organization
for Standardization, ISO 18436 standards.

MOBIUS

<> INSTITUTE

MOBIUS INSTITUTE is a worldwide provider of Reliability
Improvement, Condition Monitoring and Precision Maintenance
education to industrial plant managers, reliability engineers, and
condition monitoring technicians, allowing plants to be
successful in implementing Reliability Improvement programs
through delivery of more easily understandable and
comprehensive training of Reliability and Vibration Analysis via
public, in-plant and online education programs.

For more information about additional training courses, software tools,
industry terminology and definitions, accredited certification, and
specific course details, visit the Mobius Institute website.

www. mobiusinstitute.com

North America: +1 (239) 600 - 6828 | Australia: (+61) (0)3-5977-4606
learn@mobiusinstitute.com

RMS:M Lo b

RELIABILITY TRAINING INSTITUTE

rms-training.com

Join thousands of other industry professionals by creating your free
custom profile today at https://www.mobiusconnect.com/

DOWNLOAD THE MOBILE APP ’) ‘

MOBIUS
CONNECT

SOLVING « LEARNING « SHARING

:W www.mobiusinstitute.com

The maintenance
and reliability
industryis
professional
network.
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| EARN THE.

WHY LEARN WITH MOBIUS INSTITUTEE?

There are three major reasons why over 5,000 students choose Mobius
Institute every year, and why you should, therefore, choose Mobius Institute
for your ultrasound training and certification.

We make complex topics simple with amazing 3D animations and simulations
that make you say, 0Ah, now | get it!¢

We give you access to the entire course before the class begins so you are
better prepared, and for four months after the course, or you can choose a
1-Year Continued Education Upgrade.

We use anonymous, stress-free polling throughout the course, so you know if
you truly understand each topic, and the instructor knows not to move on to
the next topic - no student is left behind.

MO8 | MOBIUS

INSTITUTE

www.mobiusinstitute.com

www.mobiusinstitute.com Mobius Institute |
— 1SO 18436-2 VCAT I-1V
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MOBIUS
INSTITUTE

WITH MOBIUS INSTITUTEE, YOU CAN LEARN YOUR WAY.

We offer the ultimate flexibility. See the course details for more

information.
L | W/ZO} :‘) |
AL = [ =] e
CLASSROOM VIRTUAL PRIVATE ON-SITE ONLINE VIDEO
INSTRUCTOR-LED INSTRUCTOR-LED INSTRUCTOR-LED COURSES
COURSES COURSES COURSES

We have training
partners in 60

Attend a virtual course
- just like a live

Have the instructor
come to your site to

Traditional eLearning
courses and
iLearnReliability

countries, offering 23 course, but you save your precious Learning
languages. learn via time and money (and Management
GoToMeeting. health). System (LMS)

courses

WHY BECOME CERTIFIED BY THE MOBIUS
INSTITUTE BOARD OF CERTIFICATIONE?

0 MOBIUS
Sl NSTITUTE

BOARD of CERTIFICATION

There are so many benefits to becoming certified:

You should be recognized for your achievements; not everyone
is up to the challenge of understanding ultrasound analysis, let
alone successfully collecting data and utilizing it

Being certified by an accredited certification organization is a
major step up from simply passing a test. Yes, the process is a
little more complicated and stricter, but that is for very good
reasons

The educational process is extremely valuable, but being certified
tells an employer (or a consulting client) that you are capable of
doing an important job

Almost 40,000 students around the world, just like you, chose
Mobius Institute for a good reason.

You will receive a digitally encrypted certificate, an ID card, and a
personalized logo that you should use in email signatures and elsewhere
that you want people to know about your achievements.

Mobius Institute |
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UCAT-I1 Ultrasound Analysis

I1ISO 18436-8 Category |

Learn to be a confident and effective ultrasound technician - capable of diagnosing faults,
detecting costly steam and air leaks, and precision lubricating bearings - with advanced
3D animations and interactive simulations that make everything easy to understand.

Congratulations on the decision to become an
ultrasound specialist. Ultrasound is incredibly
powerful and versatile, so there is a lot to learn. The
good news is you are in the right place. Our UCAT-I
ISO Category | course will set you up for success.

We will help you understand why ultrasound analysis
is important. You will gain a solid understanding of
the fundamentals of ultrasound, lubrication, and
leak detection. You will learn how to take quality,
dependable measurements, and you will begin the
process of understanding how to diagnose common
faults.

Once you complete the training, you can take the
exam with confidence, and become certified to ISO
18436-8 Category | via the internationally respected
Mobius Institute Board of Certification [MIBoC]. The
MIBoC certification is accredited to ISO/IEC 17024.

UCAT-1 CANDIDATE PROFILE
o

This course is intended for the
ultrasound analyst and technician
analyst who will:

A Collect ultrasound data to detect fault
conditions in rotating machinery,

electrical equipment, and a host of
other equipment including valves,

hydraulics, steam traps, and more
Detect leaks in compressed air and
steam systems

Grease lubricate bearings with precision
Use the training and certification as

the start of a new and rewarding
career as an ultrasound technician

Mobius Institute |
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UCAT-1 Ultrasound Analysis ISO 18436-8

Category |

WHAT WILL YOU GAIN FROM
TAKING THIS COURSE?

o

There are so many benefits to taking this course.
You will learné

A

About condition monitoring, including a summary
of the most common technologies

About reliability improvement

How ultrasound testing and ultrasound-assisted
lubrication plays a key role in reliability
improvement

About the fundamentals of sound:
frequency, amplitude, wavelength, pitch,
and period

How it is measured and quantified: dB, RMS,
peak, kurtosis, and crest factor

How sound behaves: speed of sound,
reflection, refraction, and transmission

How ultrasound is detected in industrial settings

How to take dependable, repeatable,
high-quality readings

About listening to ultrasound, and capturing
and interpreting waveforms and spectra

About how to set up software systems, including
the naming of assets

About impacts, friction, turbulence, cavitation,
arcing, tracking, corona, and partial discharge

How it can be used to detect faults in bearings,
electrical systems, steam traps, valves, hydraulic
equipment, pumps, compressors, and other
equipment

About how hydraulics, electrical systems, steam
systems, compressors, bearings, pumps, valves,
steam traps, and other components work T all
with vivid, realistic 3D animations

How to correctly lubricate bearings: not too much,
not too little

How to collect data and perform tests safely

How to generate reports that will provide people
with the information they really need

UCAT 1 FAST FACTS
o

Duration:

32 hours, typically over four
days

Format:

A Live public course

A On-site course

A Virtual online course

A Video distance learning online course
Compliance:

A Training and certification: 1SO
18436-8

A Certification: 1SO 18436-1, ISO/IEC
17024

A Training: 1SO 18436-3

Exam:

A Two hours

A 60 multiple-choice questions

A 70% passing grade

A can be taken online or in-person at the
course

Certification requirements:

A Training course completed

A 6-months of work experience, verified by
an independent person

A Pass a hearing test

A Vvalid for 5 years

Pre-study

A Access to the fiLearning Zoneo upon registration
and payment

A Complete set of videos covering every topic

A An excellent way to be prepared and get the
most from the course

Post-study
A Continue to access the Learning Zone for
6-months after the course

Continue learning, without charge, on
MOBIUS CONNECTE via
mobiusconnect.com

Mobius Institute |
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MOBIUS

INSTITUTE
BOARD of CERTIFICATION }

Mobius Institute Board of Certification is an accredited
certification  body per ISO/IEC 17024 and SO 18436-1
authorized to provide certification in accordance with I1SO
18436-1 and 18436-2.

Mobius Institute Board of Certification (MIBoC) is an impartial
and independent entity that is directed by scheme and
technical committees to ensure that its certification meets or
exceeds the requirements defined by the applicable
International Organization for Standardization, ISO 18436
standards.

MOBIUS

&, INSTITUTE

MOBIUS INSTITUTE is a worldwide provider of Reliability
Improvement, Condition Monitoring and Precision
Maintenance education to industrial plant managers,
reliability engineers, and condition monitoring technicians,
allowing plants to be successful in implementing Reliability
Improvement programs through delivery of more easily
understandable and comprehensive training of Reliability and
Vibration Analysis via public, in-plant and online education
programs.

For more information about additional training courses, software tools,
industry terminology and definitions, accredited certification, and
specific course detalils, visit the Mobius Institute website.

www. mobiusinstitute.com

North America: +1 (239) 600 - 6828 | Australia: (+61) (0)3-5977-4606
learn@mobiusinstitute.com

RMSH: i l‘l il

RELIABILITY TRAINING INSTITUTE

rms-training.com

Join thousands of other industry professionals by creating your free
custom profile today at https://www.mobiusconnect.com/

DOWNLOAD THE MOBILE APP 3 .’

MOBIUS
CONNECT

SOLVING + LEARNING - SHARING

The maintenance
and reliability
industrybs
professional
network.
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UCAT-I Ultrasound Analysis
COURSE DETAILS
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WHY LEARN WITH MOBIUS INSTITUTE™?

There are three major reasons why over 5,000 students choose Mobius Institute
every year, and why you should, therefore, choose Mobius Institute for your Infrared
Thermography training and certification.

We make complex topics simple with amazing 30D animations and simulations that
make you say, “Ah, now [ gel it

We give youaccess to the entire course before the class begins so you are better
prepared, and for 4 maonths after the course, just In case vou still have guestions.

We use anonymous, stress-free polling throughout the course, so vou know if you
truly understand each topic, and the instructor knows not to move on to the next

topic - no student is left behing

@4 MoBIuS =l \VOBIUS

Pl INSTITUTE

INSTITUTE

www.mobiusinstitute.com
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WITH MOBIUS INSTITUTE™, YOU CAN LEARN YOUR WAY.

We offer the ultimate flexibility. See the course details for more information.

& & (2@ fezan (® ]
&;&EI ey l J1.I:I.J.I.] [
CLASSROOM YVIRTUAL PRIVATE ON-SITE ONLIME VIDEO

INSTRUCTOR-LED INSTRUCTOR-LED INSTRUCTOR-LED COURSES
COURSES COURSES COURSES
Traditional elearning

courses and

We have training Attend a virtual course Have the instructor
partners n 60 cauntries - just like a live coursa, come to vour site to LearnRaliability
atfering 23 languages but you learn via Iave YOour precious tme Learmng Management
GoToMesting ard money (and health) System (LM5) coursas

WHY BECOME CERTIFIED BY THE MOBIUS O s
INSTITUTE BOARD OF CERTIFICATION™? Ak AN

There are so many benefits to becoming certified:

You should be recognized for your achievements; not everyone 1s up
to the challenge of understanding Infrared Thermography. let alone
successfully collecting data and utiizing it

Being certified by an accredited certification organization is a major
stap up from simply passing a test. Our certification is recognized
intermationally, setting you apart from others in the industry

The educational process s extremaly valuable, but being certified tells
an employer {or a consulting client) that vou are capable of doing an
important job
Almost 55.000 students around the world, just like vou, chose Mobius
Institute for a good reason.
You will recerve a digitally encrypted certificate, an |0 card, and a
personalized logo, Update your email signatures, resume, and social media to
raflect your certification achievement

m www mobiusinstitute com fobius Institute | 1ISO 18436-F IRTCAT-I 3




IRTCAT-I INFRARED THERMOGRAPHY

1ISO 18436-7 Category |

This course will prepare you for life as an Infrared Thermographer. You
will learn the fundamentals of infrared energy and the camera, and you
will learn about the most common applications.

With the assistance of the Mobius Institute interactive

simulations, 3D animations, and case studies, you will IRTCAT-1 CANDIDATE PROFILE

not require a great memory to learn all the facts and
concepts. As a result, you will understand the e
'science’ of infrared thermography, You will
understand how the camera functions and learn about
plant eguipment's mechanical and electrical failure
modes so that you can accurately and confidently
detect and diagnose a wide range of Fault conditions.
You will come away from the course with the
knowledge and confidence to be successful as an
infrared thermographer.

This course is intended for the infrared
thermographer who will:

Once you complete the training you will ke eligible

to take the exam to become certified by the
internationally renowned Mobius |Institute Board of
Certification [MIBoC] to ISO 18436-7 Category . To
be certified, you will need to achieve a minimum score
of 75% of the 50 guestions and complete the Ishihara
color perception test. The MIBoC certification is one
of the anly international programs accredited to 150/
IEC 17024 - there is no higher standard in condition
monitoring certification.
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