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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Using thermography to monitor condition and diagnose faults in machinery is a key activity in predictive
maintenance programmes for most industries. Other non-intrusive technologies including vibration
analysis, acoustic emission, lubricant analysis, and motor current analysis are used as complementary
condition analysis tools. Those in the manufacturing industry who have diligently and consistently
applied these techniques have experienced a return on investment far exceeding their expectations.
However, the effectiveness of these programmes depends on the capabilities of individuals who perform
the measurements and analyse the data.

A programme, administered by an assessment body, has been developed to train and [assess the
conjpetence of personnel whose duties require the appropriate theoretical and practicalknowledge of
mag¢hinery monitoring and diagnostics.

Thip part of ISO 18436 defines the requirements against which personnel;in the nop-intrusive
maghinery condition monitoring and diagnostics technologies associated with infrared thefmography
for machinery condition monitoring are to be qualified and the methods of,dssessing such pgrsonnel.

© IS0 2014 - All rights reserved v
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Condition monitoring and diagnostics of machines —

Requirements for qualification and assessment of
personnel —

Part 7:

Thermography

Thi
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Scope

5 part of ISO 18436 specifies the requirements for qualification and asse$sment of pers
form machinery condition monitoring and diagnostics using infrared thetmography.

onnel who

ertificate or declaration of conformity to this part of ISO 18436 will provide recogn

ap

Thi
are
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Thd
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refe

ISO

ISO
and|

ISO
tech

ISO
ISO
ISO

qu
ma}hinery condition monitoring using portable thermal imaging €quipment. This procedur

ifications and competence of individuals to perform thermal ‘fheasurements and a

y to specialized equipment or other specific situations.

5 part of SO 18436 specifies a three-category classification programme that is based on th
hs delineated herein.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referénced document (including any amendments) applig
13372, Condition monitoring and-diagnostics of machines — Vocabulary

13374 (all parts), Conditiomrimonitoring and diagnostics of machines — Data processing, com|
presentation

13379-1, Conditionzmonitoring and diagnostics of machines — Data interpretation and
niques — Part 1¢General guidelines

13381-1, Conadition monitoring and diagnostics of machines — Prognostics — Part 1: Generd
17359, Condition monitoring and diagnostics of machines — General guidelines

18434-1, Condition monitoring and diagnostics of machines — Thermography — Part|

‘EOH of the

alysis for
e might not

e technical

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

imunication

diagnostics

[ guidelines

1: General

pro

redures

ISO 18436-1:2012, Condition monitoring and diagnostics of machines — Requirements for qualification
and assessment of personnel — Part 1: Requirements for assessment bodies and the assessment process

ISO 18436-3, Condition monitoring and diagnostics of machines — Requirements for qualification and
assessment of personnel — Part 3: Requirements for training bodies and the training process

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 13372 apply.
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4 Classification of personnel (thermography)

4.1 General

Individuals assessed as conforming to the requirements of this part of ISO 18436 shall be classified in
one of three categories depending upon their qualifications. They shall have demonstrated the necessary
skills in thermal condition monitoring for their category as indicated in Annex A.

Personnel classified as Category Il need to have all the knowledge and skills expected of personnel
classified as Category I, while personnel classified as Category Il need to have all the knowledge and

skills expe

ol £ 1 1 L o | rabs 1L
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4.2 Catdgory I

Individuals
established
a) apply
b) setup
c) identif
d) perfor

instru
e) perfor

adjust
f) mainta
g) verify
h)

classified as Category I are qualified to perform infrared thermography.according
| and recognized procedures. Personnel classified as Category I shall be able to:

| specified thermographic measurement technique;
hnd operate the thermal imaging equipment for safe thermographicidata collection;
y, prevent, minimize and control poor data acquisition and erro¥'sources;

n basic fault detection, severity assessment and diagngsis’in accordance with establig
ctions;

n basic image post-processing (measurement tools; emissivity adjustments, span and s
nents, etc.);

in a database of results and trends;

the calibration of thermographic measurément systems;

evaluate and report test results and highlight areas of concern.

4.3 Catdgory Il

classified as Category Il are qualified to perform infrared thermography accordin
| and recognized procedures. Personnel classified as Category Il shall be able to:

the appropriate.fiffrared thermography technique and understand its limitations;

hermography theory and techniques, including measurement and interpretation of sur

r the appropriate hardware and software;

b to

o

hed

rale

o

vey

Fdvuanced fault r‘]i')gnncnc-
orerv-ertt crrorerre-orrers T 5

recommend appropriate field corrective actions;

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

use generally recognized advanced techniques for infrared thermography and fault diagnosis in
accordance with established procedures;

prepare reports on equipment condition, fault diagnoses, corrective actions and the effectiveness of

be aware of the use of alternative or supplementary condition monitoring technologies; and

Individuals

establisheq

a) select

b) apply {
resultg;

c) specify

d) perforka

e)

f)

g)

h) ‘
repairs;

i)

2
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j) provide guidance to and supervise Category I personnel.

4.4 Category III

Individuals classified as Category IIl are qualified to perform infrared thermography according to
established and recognized procedures. Personnel classified as Category III shall be able to:

a) develop and establish thermographic programmes, write working procedures and instructions
including determination of machines for periodic/continuous monitoring, frequency of testing, the
use of advanced techniques;

b) |determine severity assessment, acceptance criteria and testing procedures for new, in:gervice and
faulty equipment;

c) |interpret and evaluate codes, standards, specifications and procedures;
d) |designate the particular test methods, procedures and instructions to be used;
e) |perform prognostics for fault conditions;

f) |recommend appropriate types of thermodynamic (radiation-,“Convection-, conduction-based)
corrective actions;

g) |recommend appropriate types of machinery engineering corrective actions;
h) |provide guidance to and supervise Category I and Il personnel;

i) |recommend the use of alternative or supplementary condition monitoring technologies,|and
j) |be able to manage condition monitoring programmes.
NOTE Itis the employer’s responsibility to ensure that Category I1I personnel have the necessary fompetency
in the required management skills, for example creating budgets preparing cost justifications and managing
pergonnel development.
5 [Eligibility

5.1 General

Canldidates should have a combination of education, training and experience to ensurq that they
understand the principles and procedures applicable to thermographic measurement and arfalysis.

It i advised that all candidates have their colour perception assessed by the Ishihara 24| plate test.
A record of<test results should be retained and presented to the assessment body upon fequest. In
the|event that a colour perception deficiency, indicated by misreading four or more of thg 24 plates,
is dete€teéd during the Ishihara test, a further “task specific” test is to be carried out by thg employer
to gscertain whether the detected colour perception deficiency affects the individual’q ability to
satisfactorily perform analysis of thermographic data using colour palettes. Failure to pass this test may
require the candidate to use a monochrome palette. This “task specific” test, and any requirement to use
a monochrome palette, is to be documented and a record of the test made available to the assessment
body upon request.

5.2 Education

Candidates seeking classification do not need to provide evidence of formal education to establish
eligibility. However, it is recommended that candidates for Category I and Category II have at least a
secondary school graduate qualification or its equivalent. Category Il and III candidates shall be able
to manipulate simple algebraic equations, use a basic scientific calculator, and be familiar with the
operation of personal computers. Successful completion of two or more years of mechanical technology

© ISO 2014 - All rights reserved 3
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ormechanical engineeringatan accredited college, university, or technical school is highly recommended
for candidates seeking classification to Category III.

5.3 Training

5.3.1 Introduction

To be eligible to apply for assessment based on this part of ISO 18436, the candidates shall provide
evidence of successful completion of training based on the requirements of Annex A. The documents
in the Bibliography should be used as the domain of knowledge for the training syllabus. Such training

shall be co
in Table 1.
training co

Qualificati
each subje
the topics :

Training n
and applic
testing ang

mpliant with the requirements of ISO 18436-3. The minimum duration of training is sh¢wn

Training should be in the form of lectures, demonstrations, practical exercises oror
urses.

bn requirements shall be in accordance with this part of [SO 18436. Training time devote
Ct shall be in accordance with Annex A and Table 1. See Annex B for a non-exhaustive li{
ind sub-topics to be covered.

Table 1 — Minimum duration of cumulative training (heurs)

Category I
32

Category II
64

Category III
96

ay be modularized into two or more subject areas-covering general scientific princi
htion-specific knowledge in order to allow for mutual recognition between non-destruc
condition monitoring assessment bodies.

5.3.2 Training for supplementary classification

A modular
monitoring

Such suppl
eleven (11)
for the rele

5.3.3 Ad

In addition
training, o

Such train
or univers

training course designed to cover these topics specific to thermography-based condi
may be undertaken.

pmentary training courses shall‘eover the topics outlined in Annex A for subjects five (3

inclusive. The duration of stich training shall comply with the durations stated in Anng
vant subject areas.

fitional training on'‘machine knowledge

mal

d to
t of

bles
tive

Fion

) to
X A

to the training-iours shown in Table 1, candidates should attend machinery and component

" equivalentgn:the-job training, of at least a similar duration to that specified in Table 1.

ng shall®he 'in addition to any formal education compliant with 5.2, inclusive of any col

installatiorx

mechanis

ty education. If undertaken, the additional training shall cover the design, manufactur
, operation and maintenance principles of machines and components, the failure modes

ege
ing,
and

sassociated with each principle, and the typical thermodynamic behaviours associated

vith

each mechanism. Such training shall be validated by verifiable records.

5.4 Experience

5.4.1 Tobe eligible to apply for assessment based on this part of ISO 18436, the candidate shall provide
evidence to the assessment body of experience in the field of thermography-based machinery condition
monitoring in accordance with Table 2. Classification to Category Il and Category IIl requires previous
classification at the lower category.
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Table 2 — Minimum cumulative practical, interpretation and
programme management experience requirements (months)

Category I Category II Category III

12 months 24 months 48 months

NOTE The experience hours are based on 16 hours minimum per month of thermography-based machinery
condition monitoring experience in accordance with Clauses 4 and 5.

5.4.2 The minimum total experience durations specified (in months) are required to enable the
acquisition of experience in all category criteria in accordance with ISO 18436-1 and 5.4.5.

5.4
the

Candidates for Categories I and II shall have this evidence validated by a Category ll-orIIl p

the

5.4
abs

5.4
the
ass
rev

6

6.1

6.1
cho

6.1
to¢

6.1

(comprising a number of multiple choice questions) and a Part B - Practical Application.

exa
sou

addiition to image inferpretation.

6.1
(30

3 Candidates shall keep verifiable documentary evidence of hours and nature of wol
'mography-based machinery condition monitoring experience in accordance with 1S

absence of such a person, by the candidate’s technical supervisor.

4 Candidates for Category IlI shall have this evidence validated by a Category III persag
bnce of such a person, by the candidate’s technical supervisor.

5 The validation process for all categories requires the signatui€ of the validating
documentary evidence. The validating person should augmeit ‘this validation proce

ew, or a combination thereof, in order to increase the confidence in the validation.

Examinations

Examination content

1 For each category, candidates shall be-réquired to answer a fixed minimum number
ce questions in a specified time duration’as indicated by Table 3.

2 Questionsshall be ofa practicalnature, yet test the candidate on concepts and principl
pnduct infrared thermography fer'condition monitoring of machines.

3 The examination papers* for Category [ shall consist of a Part A - General The

ination shall cover~quality data acquisition, the recognition, prevention and contr
I'ces, and basic faul€diagnosis. This examination may include both physical data acquisiti

4 The exantination papers for Category II shall consist of a Part A - General The
questions)'and a Part B - Practical Application. The Part B examination shall cover diag

k for their
D 18436-1.
Prson or, in

n or, in the

person on
5s via oral

bssment, accompanied task performance, report submission.and’ review, procedure submission and

of multiple

bsrequired

Fmography
The Part B
bl of error
on tasks in

Fmography
nostics and

imajge interpretation for condition monitoring of machines. This examination may include both physical
data acqudsition tasks in addition to image interpretation.

6.115 e +H S Cateaq Al consis 4P Crd 'mography
(30 questions) and a Part B - Practical Application. The Part B examination shall cover diagnostics and
image interpretation, solution design, and solution verification. This examination may include both
physical data acquisition tasks in addition to image interpretation. The image interpretation questions
should be based on case histories requiring fault identification, solution recommendation, and a solution
verification process. Part B may also include narrative and short answer questions. Some questions
shall involve the interpretation of thermal images. Simple mathematical calculations using a basic
scientific calculator may be required. A summary of common formulae may be provided along with the
examination questions.

6.1.6 Examination content shall be proportionate with the training syllabus contained in Annex A.
6.1.7 Assessmentbodies may,attheirdiscretion, makeaccommodations for candidates with conditions

that may require some form of compensation.
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Table 3 — Minimum examination content

6.2 Con

All examin|
may also h

6.3 Supj

6.3.1 Sup
classificati
subjects 1
comprises

6.3.2 Sup

6.3.3 Sup
covering th

Categories Number of Time Passing grade
questions

h %
Category | 50 2,0 75
Category II 60 2,0 75
Category III 60 2,0 75
Supplementary
eX;rrn 7 o0 1,0 /5

Huct of examinations

blementary examination

plementary modular examinations will be graded@eparately.

ations shall be conducted in accordance with ISO 18436-1:2012, 8.1, except’that candidptes
hve access to pencils and erasers if computer-based marking is used.

plementary modular examinations may be made available to those with an equivalent
bn, as determined by the relevant assessment body, coyering the topics outlined in
Lo 4, and compliant with the other requirements of this part of ISO 18436. This examinafion
h separate supplementary module covering condition nionitoring of machines.

A1,

plementary examination candidates shall have satisfactorily completed a course of traiing
e syllabus to be examined and shall providé«erified documentary evidence of the trainihg.
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Annex A
(normative)

Training course requirements and minimum training hours for
thermography personnel

A.]I Training syllabus

subject Hours of training
Category I Category I1 Category III
0. Introduction 0,5 — —
1. Principles of infrared thermography (IRT) 6 7 6
2. Equipment and data acquisition 5 3 1
3. Image processing 6 2 1
4. General applications 4,5 0 0
5. Diagnostics and prognostics 1 2 2
6. Condition monitoring applications 4 10,5 7
7. Corrective actions — 3 6
8. Reporting and documentation (ISO International Standatrds) 1 0,5 0,5
9. Condition monitoring programme design 0,5 0,5 3,5
10.| |Condition monitoring programme implementation 1 1 1
11.| |Condition monitoring programme manage¢ment 0,5 0,5 2
12. Training examination 2,0 2,0 2,0
Tothl hours for each category 32 32 32

© ISO 2014 - All rights reserved 7
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A.2 Detailed list of topics and hours of instruction

Hours of training
Subject Topics
Category I Category II Category III
0. Introduction Context of condition monitoring versus NDT, 0,5 — —
overviews of intent behind topics, and expla-
nation of personnel classification categories
1. Principles of infra- 6 7 6
red thermography *
(IRT) Heat and heat transfer
Conduction rundamentals * N
Fourier’s Law * {.\”\V‘
Conductivity/resistance * A ﬂ,\)
Convection fundamentals * A /\
O
Newton’s Law of Cooling * ‘{b *
Radiation fundamentals * r\LO
Electromagnetic spectrum * = O
Atmospheric transmission * 53\\ *
IR wavebands and lens materials * Vs O
X
Radiation reference sources /\O * *
] *
Planck’s Law \\
Wien’s Law s\\) *
O
Stefan-Boltzmann Law QVQ *
Emittance, reflectance and transmitt’g\zg\ *
Emissivity A\w * * *
Factors affecting emissivity \O * * *

8 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=24da5e7cc3631ec37bfaa96a368fbba8

ISO 18436-7:2014(E)

Subject Topics Hours of training
Category I Category II Category III
2. |Equipment and data 5 3 1
acquisition How your infrared camera works *
Infrared camera selection criteria *
Spectral band * *
Temperature measurement range *
Thermal sensitivity (NETD) * b(
Lens selection * * QQ
Optical resolution * ’/\. v
Operation of equipment * R G
Accessories * Q-)\)‘v *
Camera controls * (-\'

[SO 18434-1

Safe data acquisition

Getting a good image

Image composition

Image clarity (optical focus)

N

Thermal tuning (range, level and §p\:@ N

Palette selection k\’\\.

Emissivity determination -, &)

e N .
Error source recogmtlo@ prevention or
control R\

al
Waveband sele‘c.f\‘i@??riteria

N\
Recognizing‘a&d)dealing with radiation
(reflections, reflected apparent tempera-
ture) r\g‘

Rec{gj\u{ing and dealing with convection

.‘(ce)dgnizing and dealing with conduction

‘éffects of incorrect emissivity

Camera calibration

Environmental and operational conditions

Data and image storage

© IS0 2014 - All rights reserved
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Hours of training

Subject Topics
Category I Category II Category III
3. |Image processing 6 2 1
Temperature measurement * *
ISO 18434-1 * * *
Non-contact thermometry *
Comparative quantitative thermography * *
Comparative qualitative thermography * * kb(
N
Environmental influences * * (\Q
Camera measurement tools * * /\. v
Measurement tools * * R ()S\O
Palette selection * N Qj\)‘
Level and span adjustment * I N
\>4
Distance (atmospheric) correction * x\\% *
Emissivity correction N *
Statistical analysis (\<( *
Image subtraction N QV * *
Image montage &0\,\ * * *
N
Temperature trending A * * *
General image interpretation guidelinesk\\} * * *
General guidelines for establishing “mal * *
severity assessment criteria (ISO 4-1,
engineering codes and standards)
4. | Generdl applications N (.\‘17 4,5 0 0
Discussion on general @trial applications *
Active and passive@‘ermography *
. . N
5. |Diagndstics and '_O 1 2 2
"
progngstics Basic pril}_cj}&eé' of diagnostics (IS0 13379) * * *
Basicl?ﬁfg\'{ples of prognostics (ISO 13381-1) * *
. . AN
6. _Condlt {).n r?onltor— /\% 4 10,5 7
ing apprications 4 \Eiminery engineering principles (compo- * * *
? ents and construction)
§ Typical machinery failure modes and * * *
?\ mechanisms and their associated thermal
é signatures
Severitrassessmentand-acceptaneeeriteria = x X
(engineering codes and standards)
Safety issues * * *
[SO 18434-1 * * *
10 © ISO 2014 - All rights reserved
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Hours of training
Subject Topics
Category I Category Il Category III
7. Corrective actions — 3 6
Machinery corrective and/or preventive * *
actions
8. |Reporting and docu- 1 0,5 0,5
rzllzl(l)tatlon Report writing * * *
International Thermographers’ and end-users’ responsi- * * b‘ *
Standards) bilities ~N
9. ||condition 0,5 05 17 | 35
monitoring . 7\
programme General principles * {.‘*,\ *
design Technique selection N(bu *
(1S0 17359, : Q"
1SO 18434-1, Measurement intervals N * *
IS0 13379, Reference temperatures * O * *
1SO 13381-1) - S - -
Baseline temperatures c;'\
Procedure development y O * *
— ¢
10. [ |Condition Q 1 1 1
monitoring Overview .
programme \§‘
implementation Safe systems of work 5\0‘ * *
(ISO 17359, R . 77) . .
SO 13381-1, oles and responsibilities K
o
IS0 18434-1) Training and assessment \$ * *
11. | [Condition K% 0,5 05 2
monitorin -
programmge Safety management \9 * * *
management Equipment mana‘g?}}&nt * * -
Procedure maha \ment * *
Skills andw}npetencies management * *
NN
Datell_)@mnagement * * *
M.a\nﬁa-g}mg corrective action implementation * *
12.| | Training examina- Cb&) 2,0 2,0 2,0
tion O‘\
-~
Totpl hours /)_O 32 32 32
NOTE1 Cate rﬁincludes the knowledge of Category I; Category Il includes the knowledge of Category I and Category II.
NOTE2 A gories Il and 111, the times allocated are indicative only, indicating the bias towards applicatiop topics, and
the pctu e spent for each topic is flexible, provided an advised minimum of approximately 24 h is allocateld per field of
applic
NOHE3—tndicates-topicsto-betaunghtatindicatedcategory

T ST at
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