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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
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| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.
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Introduction

The use of acoustic emission technology in condition monitoring is one of the key activities in predictive
maintenance programmes for most industries. Other non-intrusive technologies including infrared
thermography, vibration analysis, lubricant analysis, wear debris analysis and motor current analysis are used
as complementary condltlon analy3|s tools Those in the manufacturmg mdustry who have diligently and

i Y eding their
ividuals who

A pfogramme, administered by an assessment body, has been developed to train andassess the gompetence
of personnel whose duties require the appropriate theoretical and practical knowledge of machingry condition
monitoring and diagnostics.

Thig part of ISO 18436 defines the requirements against which personn€l_in the non-intrusivg machinery
conglition monitoring and diagnostics technologies associated with acoustic.emission for machinery condition
monitoring are to be qualified and the methods of assessing such personnel.
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Scope
part of ISO 18436 specifies the requirements for qualification and assessment of personnel v

hinery condition monitoring and diagnostics using acoustic emission.

competence of individuals to perform acoustic emission méasurements and analysis for
dition monitoring using acoustic emission equipment. This\procedure may not apply to
pment or other specific situations.

part of ISO 18436 specifies a three-category classification programme that is based on tk

Normative references

following referenced documents aresindispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

13372:2004, Condition menitoring and diagnostics of machines — Vocabulary

13374-1:2003, Conditien monitoring and diagnostics of machines — Data processing, con
presentation — Rart1: General guidelines

13379:20035/€Condition monitoring and diagnostics of machines — General guideling
'pretation-and diagnostics techniques

17359:2003, Condition monitoring and diagnostics of machines — General guidelines

ISO

certification of personnel — Part 1. Requirements for certifying bodies and the certification process

vho perform

ualifications
machinery
specialized

e technical

For dated
referenced

hmunication

s on data

raining and

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

ISO

22096:2007, Condition monitoring and diagnostics of machines — Acoustic emission

ISO/IEC 17000, Conformity assessment — Vocabulary and general principles

ASTM E2374-04, Standard Guide for Acoustic Emission System Performance Verification

ASTM E1106-07, Standard Test Method for Primary Calibration of Acoustic Emission Sensors
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ASTM E650-97 (2007), Standard Guide for Mounting Piezoelectric Acoustic Emission Sensors

EN 13477-1:2001, Non-destructive testing — Acoustic emission — Equipment characterization — Part 1:
Equipment description

EN 13477-2:2001, Non-destructive testing — Acoustic emission — Equipment characterization — Part 2:

Verification

of operating characteristic

EN 13554:2002, Non-destructive testing — Acoustic emission — General principles

EN 1330-9:2000, Non-destructive testing — Terminology — Part 9: Terms used in acoustic emission testing

3 Terms and definitions

For the pufposes of this document, the terms and definitions given in ISO 13372, ISO/IEC{A17000 and

following ag

31

significant
absence or
to the categ
a) aconti
two or
declarg

b)

3.2
trainee
person who

4 Classification of personnel (acoustic emission)

4.1

Individuals
three categ
acoustic enj

Personnel g
as Categor
personnel G

General

ply.

interruption
change of activity which prevents the assessed individual from practising the duties correspon
ory within the defined scope for

nuous period in excess of 365 days, or

the

Hing

more periods for a total time exceeding two-fifths of the\total period of validity of the certificate or

tion

is being trained to become qualified

hssessed as conforming'to the requirements of this part of ISO 18436 shall be classified in on
pries, depending upon their qualifications. They shall have demonstrated the necessary skil
ission conditiop-menitoring for their category as indicated in Annex A.

lassified as\Category Il need to have all the knowledge and skills expected of personnel class
I, whilevpersonnel classified as Category Ill need to have all the knowledge and skills expecte
lassijfied-as Category Il

e of
S in

fied
d of

4.2 Cat

OoFy

Individuals classified as Category | are qualified to perform acoustic emission measurements according to

established
a)
b)
c)

d)

and recognized procedures. Personnel classified as Category | shall be able to:

apply a specified acoustic emission measurement procedure;
set up and verify operation of equipment for basic acoustic emission data collection;
verify the integrity of collected data and prevent or control poor data;

perform basic acoustic emission analysis;

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=043b81a8bdc678ac215ed88a43d1156d

e)
f)

9)

ISO 18436

record and categorize the results in terms of written criteria;
maintain a database of results or trends; and

evaluate and report test results in accordance with instructions.

-6:2008(E)

Persons classified as Category | shall not be regarded as competent to choose the test method or technique
to be used nor to assess the test results.

4.3

Category Il

Indi
to ¢
met]

4.4

Indi
mej

Viduals classified as Category Il are qualified to perform and/or direct acoustic emission analys
hod. Personnel classified as Category Il shall be able to:

select the appropriate acoustic emission technique;

define the limitations of the application;

specify the appropriate hardware and software for both portable and permanently installed sys
set up and verify equipment settings;

measure and perform diagnosis of acoustic emission signals;
measure, interpret and analyse acoustic emission data;

verify the calibration of acoustic emission measurement systems;

prepare reports on condition, recommend appropriate corrective actions and comment on effe
repairs;

provide technical direction to acoustic-emission personnel at or below Category I;
carry out, supervise and instruct all Category | duties; and

be aware of the use of alternative condition monitoring (CM) technologies, at least to Category

Category il

surements ‘and analysis. Personnel classified as Category Ill shall be able to:

apply-,acoustic emission theory and techniques, including measurement and interpretatio
results;

s according

stablished and recognized procedures, and will be aware of the limitations of the acousfic emission

tems;

ctiveness of

| level.

Viduals classified” as Category Ill are qualified to perform and/or direct all types of acoustic emission

h of survey

understand and perform data analysis, including limitations;

determine the acoustic emission data acquisition systems and component assemblies;
use non-standard techniques for acoustic emission and fault diagnosis;

recommend all generally recognized types of corrective actions;

interpret and evaluate standards, codes, specifications and procedures;
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g) establish acoustic emission programmes, including determination of the requirement for
periodic/continuous monitoring, frequency of testing, etc.;

h) establish programmes for acceptance and severity criteria for new and in-service systems and faulty
equipment;

i) perform prognostics for fault conditions;

j)  recommend the use of alternative or supplementary condition monitoring (CM) technologies; and

k) guide personnel below Category lll.

5 Eligihility

5.1 Gengral

Candidates|should have a combination of education, training and experience to ensure‘that they understand

the principlg¢s and procedures applicable to acoustic emission measurement and analysis.

5.2 Edug

Candidates
However, if
qualification
equations,
with the o
technology
recommengd

5.3 Trairn

5.3.1 Intr

To be eligil

of successful completion of training (based on the requirements of A.2. The training syllabus in A.2 incly

the requiren
listed in An
training is s
formal train

Qualificatio
topic shall i

tation

seeking classification do not need to provide evidence of fopmal education to establish eligib
is recommended that Category | and Il candidates have.at least a secondary school grad
or its equivalent. Category Il and lll candidates shall\be able to manipulate simple algek
Ise a basic scientific calculator (including trigonometric,; and logarithmic functions), and be fan

or mechanical engineering at an accredited -¢ollege, university or technical school is hi
ed for candidates seeking classification to Category lIl.

ng

bduction

le to apply for assessment pased on this part of ISO 18436, the candidates shall provide evidg
hent for practical knowlédge and practical skills training within the relevant topics. The docum
nex B provide the body of knowledge for the training syllabus. The minimum duration of cumulg
hown in Table 1. @raining should be in the form of lectures, demonstrations, practical exercise

ng courses.

h requirements shall be in accordance with this part of ISO 18436. Training time devoted to ¢
e in aceordance with A.2 and Table 1.

ility.
Late
raic
iliar

peration of personal computers. Successful completion of two or more years of mechanical

ghly

nce
des
ents
tive
S or

ach

Table 1 — Mini Jurati f lative training (} )

Category | Category Il Category lli

40 80 120

Training may be modularized into two or more subject areas covering general scientific principles and
application-specific knowledge in order to allow mutual recognition between non-destructive testing and

condition m

onitoring assessment bodies.
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5.3.2 Additional training on machine knowledge

In addition to the training hours shown in Table 1 and detailed in A.2, candidates should attend formal or
on-the-job machinery and component training of at least a similar duration to that shown in Table 1.

Such training shall be in addition to any formal education compliant with 5.2, inclusive of any college or
university education. If undertaken, the additional training shall cover the design, implementation, operation
and maintenance principles of machines and components, and the failure modes and mechanisms associated
with each principle. Such training shall be validated by verifiable records.

5.3.3 Mature candidate entry

Mature candidate entry may be allowed at the discretion of the assessment body.

Matpre candidates may not need to have attended a course of training at Category Il. Such candidates may
apply for direct entry to Category Il without the need to have previously held classification at|Category I,
providing they can produce verifiable documentary evidence of training and experience that gatisfies the
reqlirements for both Category | and Category Il qualification.

Candidates shall have at least five years of documented experience without-significant interruption|in acoustic-
emigsion-based condition monitoring of machines for Category Il. Candidates shall provide ¢vidence of
completion of an equivalent course of training covering the syllabus in accordance with A.2.

Such candidates should apply to the assessment body under_thé mature candidate route. If a significant
intefruption exists, the candidate may be required to undertake further training as determiped by the
assessment body.

5.4| Experience

5.4/1 To be eligible to apply for assessment based on this part of ISO 18436, the candidate shall provide
evidence to the assessment body of experiénce in the field of acoustic emission condition monitoring in
accprdance with Table 2. Classification to~Category Il and Category Il requires previous classifigation at the
lower category.

Table 2 — Minimum:cumulative experience requirements (months and hours)

Category | Category Il Category Il
6 months 12 months 36 months
9% h? 192 h@ 576 h@

@ Based on 16 h minimum experience per month performing acoustic
emission testing.

5.4.pC~Candidates shall keep verifiable documentary evidence of experience. Candidates for Category | and
Category tshat-avethisevidence vatidated by a persomat Category tor tigher, orimthe—absence of such
persons, by the candidate’s technical supervisor.

5.4.3 Candidates for Category Ill shall have this evidence validated by a Category lll person, or in the
absence of such persons, by the candidate’s technical supervisor.

5.4.4 The validation process for all categories requires the signature of the validating person on the
documentary evidence. The validating person should augment this validation process via oral assessment,
accompanied task performance, report submission and review, procedure submission and review, or a
combination thereof, in order to increase the confidence in the validation.
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6 Examination

6.1 Examination content

6.1.1 For each category, the candidates shall be required to answer a fixed minimum number of multiple
choice questions in a specified duration indicated in Table 3. Category Ill examinations may include fault
diagnosis, prognosis and solution recommendation content. Category lll examinations may include narrative

questions.

6.1.2 The content of the examination paper shall contain questions for each subject in A.2 and in the same

ht HZ=W~ H ‘o kb YN £ ' % kL b CErP-o~ H ol i A2
Welg Ing (=} MUILdiTU Vy 1T PUTTUUTTIIAyY®C UT TS opP Tt Ul TaulT oUVJT UL TTIUTLAtou T 7. <.

6.1.3 Questions shall be of a practical nature and test the candidate’s knowledge of the concepts,(principles

and procedlres required to conduct acoustic emission condition testing, analysis and evaluations.

6.1.4 Soine questions will include the interpretation of data, and simple mathematical calculations using a
basic scienfific calculator may be required.

6.1.5 Asgdessment bodies may, at their discretion, make accommodations for candidates with conditjons
that may refjuire some form of compensation.

Table 3 — Minimum examination content

Category Number of questions Time Passing grade
h %
Category | 60 2,0 75
Category Il 60 2,0 75
Category Il 60 3,0 75

6.2 Conduct of examinations

All examingtions shall be conducted in-aceordance with 1ISO 18436-1:2004, 8.2, except that candidates may
also have access to pencils and erasers-if computer-based marking is used.
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Annex A
(normative)

Training course requirements and minimum training hours for acoustic
emission condition monitoring and diagnostics of machines

A.1 Training syllabus
Subject Hours of training
Category | Categoryll Catpgory lll
1. |Principles of acoustic emission 6 2 1
2. | Generic equipment knowledge 2 2 1
3. |Data acquisition 7,5 2,5 1
4. |Data/signal processing 3 2 2
5. [ Condition monitoring 3 2 2
6. |Applications 8 24 24
7. |Fault analysis and severity determination 2 2 6
8. A_coustic_emission instrumentation testing and 4 1 1
diagnostics

9. |Reference standards 2 0,5 0,5
10.|Reporting and documentation and corrective action 1 0,5 0,5
11.|Personal safety 0,5 0,5 0
12.| Training examination 1 1 1
Total hours for each category 40 40 40

© 1SO 2008 — All rights reserved 7
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A.2 Detailed list of topics and hours of instruction

. . Hours of training
Subject Topics
Category | Category Il Category Il
1. Principles of 6 2 1
acoustic emission
a) Introduction to sources *
b) Nature of sources * *
c) Propagation and attenuation * * *
2. Generid equipment 2 2 1
knowledge
a) Calibration of equipment * * *
b) Sensors and coupling * * *
c) Amplifiers and signal conditioners * *
3. Data acpuisition 7,5 2,5 1
a) Principles of data acquisition * * *
b) Sensor positioning * * *
c) Noise 4 * *
d) Stimulus * * *
e) Measurement * *
f)  Other methods * *
4. Data/signal 3 2 2
processing
a) Data storage and structure * * *
b) Data management and.databases * * *
c) Elements of processing * *
d) Output * *
5. Conditign 3 2 2
monitor{ng
a) CMyprihciples * * *
b)~“\Other technologies (infrared * * *
thermography, vibration analysis, wear
debris analysis, tribology, airborne
ultrasonic testing, etc.)
c) Procedure writing *
0. Applica ions 8 24 24
a) Machines
b) Bearings
c) Gearboxes
d) Valves
*all *all *all
e) Pipes
f) Motors
g) Mountings
h) Other machines
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