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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-governm

ental _in liaison with ISQ__also take part in_the work_1SQO collaborates r‘lncpl\ll wit!

the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by [the technical committees are circulated to the member bodies for voting:-Publication &

International

Attention is g

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 20807 W
Personnel q{

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standard requires approval by at least 75 % of the member bodies castinga Vote.

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 135, Non-destructive testing, Subcommittee
alification.

jards
s an

atent

5C 7,
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Introduction

Since the effectiveness of any application of non-destructive testing depends upon the capabilities of the
persons who perform or who are responsible for the test, a procedure has been developed to provide a means
for evaluating and documenting the competence of personnel whose duties require the appropriate theoretical
knowledge and practical competence of the non-destructive tests that they perform.

For this reason, ISO/TC 135 developed an International Standard, ISO 9712, to ensure that thé dertification of
competence of NDT personnel could be performed to a consistent and high standard worldwide.

Recdgnizing, however, that the provisions of ISO 9712 were not necessarily appropriate’in sonfe instances,
e.g., |n limited applications of non-destructive testing, ISO TC135 SC 7 authorized aWorking Group (WG 5) to
draft [proposals which would facilitate the standardization of the qualification ofcpersonnel carrying out such
limitgd NDT applications. This document represents the result of the deliberations 6f ISO/TC 135/SC 7/WG 5.

As a[provision outside the scope of ISO 9712 requirements, limited NDT ¢is the practice of a testmethod for a
partiqular application requiring specific training and experience, i.e., an ‘application which is limited, repetitive
or aytomated. It should be noted that, within 1ISO 9712, there is prevision for a reduction in the duration of
trainihg and experience required for eligibility. Annex A serves td provide examples of syllabi for the training
and gxamination of personnel seeking qualification to this International Standard.

The nethodology set out in this International Standard may/be applied to the qualification of perspnnel for any
Iimit%g application of NDT. However, it is not intended that qualification for limited applications be substituted
for gdialification and certification under ISO 9712.

NOTH Wherever gender-specific words such as+"his", "her", "he" or "she" appear in this International Standard the
other [gender is also applicable.

© I1SO 2004 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 20807:2004(E)

Non-destructive testing — Qualification of personnel for limited
applications of non-destructive testing

[
1

1

11
appli

Thes

Interpational Standard.

1.2

NOTH
methd

1.3

regul
autor
exce

14
detai
Qual

1.5
direc
recor

¢ddy current and electromagnetic sorting of materials;
¢ddy current and electromagnetic testing of tubular products during manufacture;
mormal beam ultrasonic testing of plate materials during manufacture;

diltrasonic thickness testing.

Scope

This International Standard establishes a system for the qualification of personnéll who
cations of a limited, repetitive or automated nature, such as:

a)

-

examples are not intended to restrict the range of\qualifications which could be coV

This standard therefore does not provide for magnetic particle testing (MT) or liquid pen
(PT).

The arrangements described in ISQ (9712 provide sufficient flexibility to allow limited applicg
ds.

When the need for qualified non-destructive testing (NDT) personnel is defined in produ
btions, codes or specificationsy*and the nature of the testing to be carried out is limited
nated such that the qualification requirements specified in 1SO 9712 are considered ina
Esive, it may be satisfied by/qualification in accordance with this International Standard.

This International“Standard is not intended to supplant the qualification and certification
ed in sector-speecific standards, such as ISO 11484:1994 Steel tubes for pressure
fication and eertification of non-destructive testing (NDT) personnel.

The requirements detailed herein apply only to NDT personnel qualified for specific applica
attempt should be made to equate this to the NDT levels defined in ISO 9712. H
hmended that qualified personnel defined in this International Standard be supen

perform NDT

ered by this

ptrant testing

tions of these

ct standards,
in scope or
bpropriate or

requirements
purposes —

tions, and no
bwever, it is
ised by an

apprq

priately certified NDT level 2 or 3 person as defined in ISO 9712:1999.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 9712:1999, Non-destructive testing — Qualification and certification of personnel

ISO/IEC 17024, Conformity assessment — General requirements for bodies operating certification of persons

©1SO

2004 — All rights reserved
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and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
candidate

individual seeking qualification and who gains experience under the supervision of suitably qualified personnel

3.2
certificate

document issued by the certification body under the provisions of this International Standard indicating that

the named p

3.3
certification

ETSON Tas demonstrated the competence(s) defined on the certificate

body

body that administers procedures for qualification to the requirements of this International Stafdard

3.4
employer
organization

3.5
examination
centre appro

NOTE
3.6

examination
person authd

3.7
examination, practical
examination fof practical skills, in which the candidate demonstrates familiarity with, and the ability to op

for which the candidate works on a regular basis

centre
ved by the certification body, where qualification examinations are carried out

A examination centre may be situated at an employer’s premises

invigilator
rized by the certification body to supervise examinations

the test equipment

3.8
examination question, multiple choice
wording of a question giving risé-t0 four potential replies, only one of which is correct, the remaining

being incorre

3.9

examination
written ques|
mathematica

NOTE A

candidate's res

3.10

ct or incomplete

question;'short answer
fion thatsrequires the candidate to respond using one or more sentences, or to prov
| solution showing all calculations

erate

three

ook H 4 4 aal el 4o 4k 4 o H Lol oral
SHUTL atlowl TAAITINatiurm QuToUUIT Tridy  Pruviutc SUITIC yuluarivc Ul uic 1TiatiCis U Uc 1riciuutcyu

ponse.

examination, written
examination concerned with the principles of an NDT method and with the candidate's knowledge of
procedures, codes, standards and specifications

3.1
examiner

n the

person certified at level 3 in accordance with the provisions of ISO 9712 for the method and sector he is to
examine, and authorized by the certification body to conduct, supervise and grade NDT qualification
examinations

© I1SO 2004 — Al rights reserved
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3.12

experience

period during which the candidate carried out, under supervision, the NDT application for which qualification is
sought

3.13
NDT application
specific non-destructive test applied to a defined product or range of products

NOTE An NDT application will normally be restricted to the use of only one NDT method but may involve the use of
more than one NDT technique.

3.14
NDT [instruction
writtgn description of the precise steps to be followed in testing to an established standard, code,|specification
or NDDT procedure

3.15
NDT [method
discipline applying a physical principle in non-destructive testing (e.g., ultrasonic testing)

3.16
NDT |operator
individual qualified in accordance with this International Standard

3.17
NDT [procedure
writtgn description of all essential parameters and precautions to be observed when applying an NDT
techrjique to a specific test, following an established standard, code or specification

NOTH An NDT procedure can involve the application of more than one NDT method or technique.

3.18
NDT [technique
specific way of utilizing an NDT method (e.g., immersion ultrasonic testing)

3.19
NDT [training
process of instruction in theory and practice in the NDT application for which qualification is sought, which
takeq the form of training.courses covering an approved syllabus

3.20
operating authorization
writtgn statement issued by the employer authorizing the individual to carry out the NDT applicatign(s) detailed
on the certificate of qualification

3.21
qualification

demonstration of physical attributes, knowledge, skill, training and experience required to properly perform
NDT tasks

3.22

qualifying body

competent organization approved by the certification body to prepare and administer examinations aimed at
qualifying NDT personnel

© 1SO 2004 — All rights reserved 3
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3.23
significant i

2004(E)

nterruption

absence or a change of activity that prevents the qualified individual from practicing the duties corresponding
to the level in the method and the sector(s) within the certified scope, for a) a continuous period in excess of
365 days or b) two or more periods for a total time exceeding two years

NOTE Legal holidays, periods of sickness or courses of less than thirty days are not taken into account when

calculating the interruption.

3.24

specimen

sample used in_pra cation

for which qualffication is sought and may include more than one area or volume to be tested

NOTE Samples should contain discontinuities typical of those found in the products concerned.

3.25

specimen master report

model answer, indicating the optimum result for a practical examination given a defined set of condjtions

(equipment type, settings, technique, specimen, etc.), against which the candidate's/test report will be grgded

3.26

supervision

act of directlng the application of NDT performed by other NDT persennel, which includes the contfol of

actions involyed in the preparation of the test, performance of the test and‘reporting of the results

4 Responsibilities

4.1 Certifjcation body

4.1.1 The gertification body shall conform to the reguirements of ISO/IEC 17024.

4.1.2 A ceftification body

a) shall acgept ultimate responsibility for\qualification as specified in this International Standard;

b) shall administer the procedufes*and operations for qualification in accordance with a documented
procedufe meeting the minithdm requirements of this International Standard;

c) may delegate, under its\direct responsibility, the detailed administration of the qualification proceddre to
other organizations which will act as qualifying bodies; the certification body shall publish its requirements
for the gpproval ©f)qualifying bodies. Where the qualifying body is also the employer, the certifigation
body shall require*additional controls to preserve impartiality;

d) shall aufherize appropriately trained and qualified examiners to set, conduct and grade the examingtions
described 1n this Tniernational Standard;

e) shall approve, either directly or through a qualifying body, properly staffed and equipped examination
centres;

f)  shall, having reviewed the evidence of qualification, make and record its decision to authorize the issue of
a certificate of qualification;

g) shall ensure that appropriate records are maintained and issue, or delegate the issuing of, certificates of
qualification;

4 © 1SO 2004 — Al rights reserved


https://standardsiso.com/api/?name=ab33b11eed1bd420011a015d6f5389af

h)

NOTE

4.2

ISO 20807:2004(E)

shall ensure that a databank of relevant examination questions is maintained;

1) for each multiple choice question this databank shall indicate the correct answer;

2) for other questions this databank shall include a model answer.

Qualifying body

The qualifying body, where established, shall be authorized by the certification body to

a)

b)

c)

d)

e)

f)

4.3

Exanpination centres shall

a)

b)

c)

4.4

The ¢mployer shall

a)

b)

It is desirable that answers include a reference that validates the answer to the examination question.

elapply a documented quality procedure;

nsure satisfactory qualification examinations for the NDT applications concerned;
prepare and supervise qualification examinations;

if required by the certification body, create and maintain a collection*of’relevant examinati
including specimens, questions and answers;

Ise only those examination questions and practical specimens approved by the certifica
xaminations;

maintain qualification records as required by the certification body.

Examination centres

¢omply with the requirements of the cettification body;

fhave test specimens, approved.by.the certification body, of difficulty comparable to those exi
¢entres;

dinder no circumstances-use test specimens for training purposes.

Employer

introduce-the candidate to the certification body or qualifying body (if the candidate is self-
presénts himself alone, he shall assume all responsibilities described for the employer);

stablish and monitor examination centres with adequate qualified staff, premises”and ¢quipment to

bn materials,

ion body for

stant at other

employed, or

education, training and experience needed to establish the eligibility of the candidate;

confirm the validity of the personal information provided, Including the declaration of satls’ractory vision,

be fully responsible for all that concerns the authorization to operate and the validity of the results of NDT

operations;

ensure that NDT operators holding certificates of qualification issued conforming to this
Standard undergo an annual test of visual acuity.

© I1SO 2004 — All rights reserved
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5 Domai

ns of competence

NDT operators qualified in accordance with this International Standard may, within the scope and limitations of
the qualification concerned

set up and verify equipment settings;

certified Level 2 or Level 3 in accordance with ISO 9712:1999;

record, classify, interpret and evaluate the test results in accordance with written criteria;

a)
b)

as those
c)
d) organize
6 Vision
6.1 The c

following req

eyes, either corrected or uncorrected;

a) near-vis

Roman
b) colour v

the NDT
6.2 Subse
employer.
7 Eligibi
71

To be eligibl¢ for examination, the candidate shall provide evidence acceptable to the qualifying body or

certification &
NOTE 1 T

NOTE 2 In
duration of tra

lity

Eligibjlity for examination

and report test results.

requirements

Lirements:
on acuity shall permit reading a minimum of Times Roman N4,5 or(equivalent letters (Times
bf 4,5 points where 11 point = 1/72 inch or 0,352 8 mm) at not-less than 30 cm with one of
sion shall be sufficient that the candidate can distinguishrcontrast between the colours us

method concerned as specified by the employer.

Huent to qualification, the tests of visual acuity shall be carried out annually and be verified &

ody, of completion of @ ¢ourse of NDT training appropriate to the scope of qualification soug
Bining providers shodld issue documentary proof of completion of training.

ormation in Annex A may be used as guidance for the development of training and education syllab
ning.

7.2 Eligibr'lity for the award of a certificate of qualification

perform the tests in accordance with NDT instructions produced by appropriately qualified personnel such

pndidate shall provide documented evidence of satisfactory vision in\ accordance with the

New
both

ed in

y the

o the
ht.

i, and

7.21

The candidate shall have satisfactorily completed an appropriate written and practical examination.

7.2.2 The candidate shall have gained experience as required by the certification body, taking into account

the guidance

provided in A.1 to A.4.

7.2.3 The candidate shall provide documentary evidence of satisfactory vision in accordance with Clause 6.

© I1SO 2004 — Al rights reserved
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8 Examinations

8.1 General

The qualification examination shall comprise a written examination and a practical examination. A guide to the
construction of a written examination syllabus and practical tests to be carried out is given in Annex A.

8.2 Written examination

8.21 The wrltten examination shall include an evaluatlon of the candidate’s understandlng of the NDT
appli _

or the quallfylng bodys coIIectlon of questions valld on the date of examlnatlon The cand|ate shall be
required, as a minimum, to give answers to thirty questions, which may be multiple choice and/orshort answer
questions.

8.2.2| The time allowed to the candidates for completion of each examination shall-be based upon the level
of difficulty of the questions. The average time allowed for multiple choice questions shall be n¢ longer than
three| minutes per question. The average time allowed for written questions, shall be determined by the
certiflcation body.

8.3 | Practical examination

8.3.1| The practical examination shall require that the candidate<demonstrate competence in tHe application
of th¢ NDT method and technique to products appropriate .tosthe NDT application for which qpalification is
sought.

8.3.2| Specimens shall contain discontinuities charagteristic of those that occur during manufacturing or in
servige. Discontinuities may be natural, artificial or implanted. Each practical examination specimen shall be
unigyely identified and have a master report that gives details of all the relevant properties of, an¢ flaws in the
test §pecimen. The master report should include all relevant equipment settings used to prepare the master
report (see Annex B). The master report for-use in grading examinations shall be compiled based upon at
least|two independent tests conducted-by appropriately qualified personnel, and shall be authorized by an
exanjiner.

8.3.3] The number of areas or volumes to be tested shall be adequate to the application copcerned, and
shall pbe documented by the certification or qualification body.

8.4 | Conduct of examination

8.4.1| All examinations shall be conducted in centres approved and monitored by the certifjcation body,
eithef directly or.through a qualifying body.

8.4.2| Before commencement of the examination, the candidate shall present to the examiner|or invigilator
valid |proof. of identification.

8.4.3 Written and practical examinations shall be approved by an examiner.

8.4.4 Examinations shall be invigilated by an examiner, or by one or more authorized invigilators placed
under the examiner’s responsibility.

8.4.5 The examiner shall not be the only examiner for any candidate he has personally trained for that
particular examination or who is employed by or belongs to the same organization as the examiner.

8.4.6 A candidate for a practical examination may use his own apparatus. In this case, the examiner shall

establish that the apparatus is covered, where applicable, by a valid certificate of calibration, and is
serviceable for the purpose of the examination.

© 1SO 2004 — All rights reserved 7
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8.5 Grading

8.5.1 An examiner shall be responsible for grading the examinations in accordance with procedures
approved by the certification body.

8.5.2 The written and practical examinations shall be graded separately.
8.5.3 To be successful in the examinations, a candidate shall obtain a grade of at least 70 % in the written

examination and 80 % in the practical examination (suggested weighting factors for practical examination
elements is given in informative Annex B).

9 Qualichation

9.1 General

The certification body shall, in all cases, review evidence of qualification and, where competence is prpven,
issue or authiorize the issue of a certificate and corresponding wallet card.

9.2 Certifjcates and wallet cards
9.21 Wheh authorized to do so, the qualifying body may issue certificates and corresponding wallet cdrds.
9.2.2 Certificates of qualification and/or corresponding wallet card shall, between them, include:
a) the full fame of the qualified individual,

b) the date|of qualification;

c) the date|upon which qualification expires;

d) the namg of the certification body;

e) the scope of the qualification, including‘specific applications covered;

f)  auniqug personal identification number;

g) the signature of the qualified-ibdividual;

h) a photograph of the qualified individual in the case of the wallet card;

i) adevice to prevent falsification;

i) the signpture on the certificate of a designated representative of the certification body or qualifigation
body;

k) the signature(s) of the employer(s).

NOTE By issuing the certificate of qualification and/or corresponding wallet card, the certification body attests to the
qualification of the NDT operator but does not give any operating authorization. The signature of the employer on the
certificate of qualification may provide evidence that the employer is authorizing the certificate holder to operate within the
scope defined on the certificate.

9.3 Validity

The period of validity of the certificate of qualification shall not exceed five years from the date of qualification
indicated on the certificate and/or wallet card.

8 © 1SO 2004 — Al rights reserved
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The certificate of qualification shall be invalid:

a)
b)
c)

d)

for any specific applications other than that for which it was issued;

if the NDT operator fails to meet the vision requirements;

qualification.

at the discretion of the certification body after reviewing evidence of unethical behaviour or incompetence;

if a significant interruption takes place in the NDT operator’'s work within the scope of the certificate of

10 |

10.1
certif]
form

q

a)

b) ¢

10.2

11 1
111

interrn
on th

a)

b) t

q

11.2
acco
allow

Renewal

Upon completion of the first 5-year period of validity, a certificate of qualification may'be repewed by the

cation body or qualifying body for a new period of five years, provided the certificate holder
acceptable to the certification body, documentary evidence of:

gatisfactorily meeting the vision requirements of this International ~Standard during th

2 months;
ontinued satisfactory work activity relevant to the certificate of qualification without significar

If the criteria for renewal are not met, the individual shall follow the same rules as for initial

Re-qualification

Upon completion of each second period\of validity (every ten years), or following
uption, a new certificate of qualification shall be issued by the certification body for a period
e basis of the following requirements:

he candidate provides evidence of meeting the vision requirements of this International Stan

he candidate is successful ifia practical examination, which includes the competences co

gcope of the qualification.

If the NDT operator fails to achieve a grade of at least 70 % for each specimen attempt
ding to the guidance”given in Annex B), two retests of the whole requalification examing
ed within 6 months. In the event of failure in the two permissible retests, the certificate of

shall

not be issue@/and in order to regain qualification, the individual shall follow the same rules

qualification.

12

iles

supplies, in a

e preceding

t interruption.

hualification.

a significant
of five years

dard;

vered by the

ed (weighted
tion shall be
qualification
as for initial

12.1 The certification body shall create and maintain an updated list of all certificates of qualification awarded.

12.2 The certification body or qualifying body shall maintain individual files for each qualified NDT operator,
including those whose certificate of qualification has lapsed, containing:

a)

b)
t

c)

©1SO

application forms;

est, written procedures, grade sheets;

renewal documents, including evidence of visual acuity and continuous activity.

2004 — All rights reserved
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12.3 Individual files shall be kept under suitable conditions of safety and confidentiality for as long as the
certificate of qualification remains valid and for at least ten years after the lapse of the certificates of
qualification to which they relate.

10 © 1SO 2004 — Al rights reserved
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Annex A
(informative)

Example syllabi and competencies

IMPORTANT — This annex contains four modules, A.1 to A.4, which provide example syllabi and
competencies which may be used directly or adapted to specific situations. These examples are not
intended to restrict the range of qualifications which could be developed by individual countries to

satis

The
the s

AA1

A1

It is nticipated that a candidate will achieve the full module purpése in 24 h to 40 h of training

than

Itis g
one |

A1.]

To enable candidates to describe the basic prineiples of materials sorting using electromagnetic t

appli
A.1.]
Basi

Elect

Ohm

Elect

fy national requirements.
raining provided to the candidate will be derived from the following syllabus, and will-be &

cope of the qualification to be awarded.

Eddy current and electromagnetic sorting of materials

Duration of training and experience prior to authorization

160 h of supervised experience.

nticipated that a candidate will achieve the module purpose for use of simple instruments m
arameter in 8 h to 24 h of training and not less than40 h of supervised experience.

P Purpose of the module

pd to eddy current sorting of materialsand to undertake material sorting using eddy current

3 Content

C principles of eddy currents and electromagnetism
ricity

— direct current) amperage, voltage

s law and resistance, conductivity and resistivity

— Aalternating current

ppropriate to

and not less

basuring only

bchniques as
bquipment.

romagnetic induction

— field generated by a current

— field/induction relationship

— effect of fill factor

— effect of frequency

— influence of magnetic field

©1SO

2004 — All rights reserved
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Magnetism

magnetic data

induction and magnetic fields
magnetic permeability
coercive force

saturation magnetism

iron|magnetisation

indyced magnetic flux

lineg of force and force fields

Electronpagnetism

magnetic field produced by a current

indd

ctive current — eddy current

skin effect

effect of test frequency

Reactance (f

eld produced by eddy current)

Theory of eddy currents

Distribution d

Plane condu

depth of]

defect rd

f eddy currents
Ctors
standard penetration

action according to)its position

Cylindrical bars

depth of]

standard penetration

defect rd

action according to its position

Tubes

depth of

standard penetration

defect reaction according to its position

Characteristics of eddy current and electromagnetic sorting probes and coils
Induction and reception functions

Absolute and differential measure

12 © 1SO 2004 — Al rights reserved
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Types of probes, encircling, internal, surface, hybrid
— field from an empty coil

Effect of coupling

— EC distribution related to coil position

Eddy current equipment

Working principles

+— transmission, reception, data presentation
— Equipment controls

+ oscillator — frequency control

+— magnetizing current control

-+ energizing devices and measurement

+ balancing the system — sensitivity

-+ amplifier, filter, modulation/demodulation
+— phase rotation

+ CRT Display — ellipse, A-scan, vector point
-+ analogue display — digital/meter

+— gain control

Propkrties of materials

Physjcal properties — Ferremagnetic and non-ferromagnetic materials

— e¢lectrical conductivity — effect of chemical analysis, temperature, hardness, grain structure,|texture, cold
vork, structure

— 1nagneticpermeability — effect of chemical analysis, temperature, hardness, grain structure,|texture, cold
vork, structure

Ianance of various parameters on eddy current measurement

— defect position and orientation
— EC path, penetration depth, zone of probe action
— material temperature

— structure and geometry of test part

© 1SO 2004 — All rights reserved 13
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Choice of frequency, phase discrimination, noise filtering, magnetic saturation

— coupling

— vibration

influence

s, centering, fill factor, sensitivity, compensation

relative speed

— testing frequencies according to speed

A.1.4 Lear

On completiq

ning outcome details

n of this module, the candidate will be able to

Learning outcome 1

describg
Assessmen
a) Explain

b) Explain

the basic principles of eddy currents and electromagnetism.
criteria
he physics of electricity and magnetism as it applies to eddy current.and electromagnetic so

he physics of electromagnetism.

c) Describg how eddy currents are distributed in sheet, plate, bars ‘and tubes.

Learning outcome 2

describd

Assessmen

the characteristics of probes and coils used . foreddy current and electromagnetic sorting.

criteria

a) Describg the induction and reception functions of eddy current probes.

b) Discuss

the features and applications of absolute and differential probes.

Learning ouftcome 3

demons
equipment.

Assessmen

rate the principles;\and set-up, calibrate and use eddy current and electromagnetic s

criteria

a) Describg the principles of the operation of eddy current and electromagnetic sorting equipment.

rting.

Drting

b) Setup

=i Liheota H $ £ odld + 2| ] $ 'H P H $
U odiivrdadic uic varivuo LyPUO Ul Uuuy LurreTit aridu UIUULIUIIIGHIIULIU Ul LIIIH CYUIPTTICTIL

c) Use eddy current equipment and electromagnetic sorting equipment for sorting of materials and
components.

Learning ou

tcome 4

describe the material properties that can affect eddy currents, and assess the influence of various
parameters on material sorting.

14
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Assessment criteria

a) Describe how material properties can affect electrical conductivity and permeability of a material.

b) Describe how parameters such as defect orientation and position, structure, shape, coupling and test
speed may influence the technique and outcome of material sorting.

c) Assess and report on the effect of various parameters on the test outcomes.

A.1.5 Delivery of the module

This
desc

A.2
marn

A.2.1

It is gnticipated that a candidate will achieve the full module purposé€/in 24 h to 40 h of training

than

A.2.]
To e
tubul
equig
A.2.]

Basi

Elect

Ohm

Elect

module is practical in nature and may be taught by active participation, illustration, demo
iption. The practical skills should be reinforced by instruction covering the relevant theory:

Eddy current and electromagnetic testing of tubular products)during
ufacture

Duration of training and experience prior to authorization

160 h of supervised experience.

P Purpose of the module
nable candidates to describe the basic principles ‘6f eddy current non-destructive testing

ar products during manufacture, and to set up,-talibrate and operate eddy current tubular
ment.

3 Content

C principles of eddy currents and._electromagnetism
ricity

— direct current, amperage, voltage

s law and resistance, conductivity and resistivity

— alternating-current

romagnetic induction

hstration and

and not less

hs applied to
product test

—~field generated by a current

— field/induction relationship

— effect of fill factor

— effect of frequency

— influence of magnetic field

©1SO

2004 — All rights reserved
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— Magnetism
— magnetic data
— induction and magnetic fields
— magnetic permeability
— coercive force

— saturation magnetism

— ironmagnetization

— indJced magnetic flux

— linep of force and force fields
— Electromagnetism

— magnetic field produced by a current

— indJctive current — eddy current

— skir effect

— | effect of test frequency

Reactance (fleld produced by eddy current)
Theory of eddy currents
Distribution gf eddy currents in tubular products
— depth of{standard penetration
— defect rgaction according to its'position
Characteristics of eddy current coils
Induction and reception functions

Differential mode

Encircling cojls

— field from an empty coil

Effect of coupling

— eddy current distribution related to coil position
Eddy current equipment

Working principles

— Transmission, reception, data presentation
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Properties of materials

Physjcal properties — Ferromagnetic and non-ferromagnetic materials

Influgnce of various parameters on eddy current measurement

Choige of frequency, phase discrimination, noise filtering, magnetic saturation

+— phase rotation
+— CRT Display — ellipse, A-scan, vector point

-+ analogue/digital display

ISO 20807:2004(E)

Equipment controls

— oscillator — frequency control

— magnetizing current control

— energizing devices and measurement
— balancing the system — sensitivity

— amplifier, filter, modulation/demodulation

+— gain control

¢lectrical conductivity and magnetic permeability — effect‘'of' temperature, structure, cold work|

defect position and orientation
¢ddy current path, penetration depth, zohe of probe action
material temperature

gtructure and geometry of test,part

¢oupling influence
ibrations, centering, fill factor, sensitivity, compensation

felative.speed

+—"testing frequencies according to speed

A.2.4 Learning outcome details

On completion of this module, the candidate will be able to

Learning outcome 1

describe the basic principles of eddy currents and electromagnetism.

© I1SO 2004 — All rights reserved
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Assessment criteria

a)
b)

c)

Explain the physics of electromagnetism.

Describe how eddy currents are distributed in tubular product.

Learning outcome 2

describe the characteristics of coils used for eddy current testing of tubular product.

Assessmen
a)

b) Discuss

Learning oufcome 3

Describg the induction and reception functions of eddy current caoils.

criteria

the features and applications of differential coils.

set up, qalibrate and use tubular product eddy current test equipment.
Assessment criteria
a) Describg the principles of the operation of tubular product eddy current test equipment.
b) Set up and calibrate tubular product eddy current test equipment.
c) Use eddy current equipment for the testing of tubular products.

Learning outcome 4

describsg
parameters

the material properties that can-affect eddy currents, and assess the influence of vg
pon eddy current test equipment refated to testing tubular product.

Explain the physics of electricity and magnetism as it applies to eddy current testing of tubular products.

rious

Assessment criteria

a) Describg how material properties can affect electrical conductivity and permeability of a material.

b) Describg how parameters”such as defect orientation and position, structure, shape, coupling andl test
speed may influence the.technique and outcome of eddy current testing of tubular product.

c) Assess and report on the effect of various parameters on the test outcomes.

A.2.5 Deliery of the module

This module is practical in nature and may be taught by active participation, illustration, demonstration and
description. The practical skills should be reinforced by instruction covering the relevant theory.

A.3 Normal beam ultrasonic testing of plate materials during manufacture

A.3.1 Duration of training and experience prior to authorization

It is anticipated that a candidate will achieve the full module purpose in 24 h to 40 h of training and not less
than 160 h of supervised experience.

18
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A.3.2 Purpose of the module
To enable candidates to describe the principles and procedures of ultrasonic testing of plate products by

contact or immersion techniques during manufacture, and to undertake ultrasonic testing of rolled plate during
manufacture.

A.3.3 Content/Syllabus
Basic principles of acoustics

— nature of sound waves

— 1nodes of sound wave generation

— yelocity, frequency and wavelength of sound waves

— attenuation of sound waves

— acoustic impedance

— 1eflection

— fefraction and mode conversion

— FKresnel and Fraunhofer effects

Equipment

— basic and pulse-echo instrumentation (A, B and'C scan and computerized systems)
— ¢lectronics; time base, pulser, receiver.and various monitor displays
— ¢ontrol functions

— ¢alibration

— basic instrument calibration

— ¢alibration blocks

— ftransducer-operation and theory

— :[iezoelectric effect

pes of crystals

— frequency (crystal thickness relationship)
— near and far fields

— beam spread

— construction; materials and shapes

— types

— beam intensity characteristics

© 1SO 2004 — All rights reserved 19
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sensitivity resolution and damping

mechanical vibration into test material

couplants

purpose

and principles

materials and efficiency

Basic testing methods

contact

immersi
multiple
transdug
water co
submerg

sound b

DN
transducer

er in water

lumn; wheels, etc.
ed test part

bam path — transducer to part

focussed transducers

compari

Calibration (g

20

equipms

monitor

recorderfs

alarms

automat

distance

son of contact and immersion techniques
lectronic and functional)
nt

displays

ed and semizautomated systems

amplitude correction (DAC/DGS)

transdu

ers

calibration of equipment electronics

variable

effects

transmission accuracy

calibration requirements

calibration reflectors

inspection calibration
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— comparison with reference blocks

— pulse echo variables

— reference for planned tests

— transmission factors

— transducer

— couplants
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— rlnaterials

Straight beam examination to specific procedures

_ q

— 1

gelection of parameters

est standards

— ¢valuation of results

— 1

Evall

est reports

ation of product forms

ihgots
— process review

— types and origins of discontinuities

—  plate

— rolling process

— types and origins ¢f discontinuities

— fesponse of discentinuities to ultrasound

— applicable codes, standards and specifications

Discq

—_— q

ntinuity detection

gensitivity to reflections

— size, type and locations of discontinuities

— techniques used in detection

— resolution

— standard reference comparisons

— probability of type of discontinuity

— effects of ultrasonic frequency

© I1SO 2004 — All rights reserved

21


https://standardsiso.com/api/?name=ab33b11eed1bd420011a015d6f5389af

ISO 20807:2004(E)

— damping effects

— determination of discontinuity size
— monitor displays

— transducer movement versus display
— signal patterns

— location of discontinuity

— amplitude and linear time
— search technique
Evaluation
— comparison procedures

— standards and references

— amplitude, area and distance

— object appraisal

— history df part

— existing pnd applicable code interpretation

— type of discontinuity and location

A.3.4 Learping outcome details
On completign of this module, the candidate will be able to
Learning outcome 1
describg the fundamentakproperties and behaviour of ultrasound.
Assessment criteria

a) Describg the nature of sound waves as particle motion associated with energy.

b) Describe the relationship between velocity, frequency and wavelength.

c) Outline the method of propagation of compression waves.
d) Describe the behaviour of sound as it strikes an interface between two media.
e) Define "Acoustic Impedance" and state its importance in ultrasonic testing.

f) List the factors that affect attenuation of ultrasonic energy as it passes through a medium and the
practical outcome of attenuation.
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Learning outcome 2
describe how ultrasonic waves are generated and detected.
Assessment criteria
a) Describe piezoelectric effect and types of crystals.
b) Describe briefly the components used in the construction of an ultrasonic transducer.

c) Describe the characteristics of transducers, such as frequency - crystal thickness relationship, conversion
fetenc ' , i forT; i ' istics; field, far field

nd beam divergence.
d) Llist desirable steps for the care of transducers.

Learning outcome 3

describe the basic parts of pulse-echo instruments and the functions of vdrious controls.
Ass¢gssment criteria

a) Describe the functions of the various parts and demonstratehow the various controls cap be used to
¢alibrate and operate the equipment for optimum performance,

b) Outline the principles of A-, B- and C-scan displays.

c) Describe different couplants used and desirable Characteristics for ultrasonic testing, @nd list their
advantages and limitations.

Learping outcome 4

escribe various types of ultrasonic-te€sting equipment used for plate testing during manufagture, and set
up tept equipment.

Ass¢gssment criteria

a) escribe straight bean testing techniques using compression wave probes.
b) et up ultrasonic.équipment.

c) orrectly adjust the controls of display units.

d) $elect test parameters including frequency, transducer size and type.

Learping outcome 5

discuss the material technology for the product sector.
Assessment criteria
a) Describe the casting process and the type and formation of typical discontinuities.
b) Describe the production of plate and the type and formation of typical discontinuities.

c) Interpret applicable codes, standards and/or specifications.
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Learning outcome 6

calibrate ultrasonic test equipment using reference standards, and use the equipment to test plate.

Assessment criteria

a)

Calibrate ultrasonic test equipment using standard calibration blocks.

b) Test plate using the calibrated equipment.

Learning outcome 7

evaluate
Assessmen
a) Interpret
b) Evaluate
c) Reportt
A.3.5 DeliV
This module

description.

indications.

criteria

test results.

discontinuities against codes, standards or specifications.

he location and size of discontinuities detected.

ery of the module

[he practical skills should be reinforced by instruction covering the relevant theory.

A.4 Ultragonic thickness testing

A.4.1 Duration of training and experience prior to authorization

It is anticipat
than 160 h o

It is anticipat|
24 h of traini

ed that a candidate will achieve.the full module purpose in 24 h to 40 h of training and no
supervised experience.

ed that a candidate will achieve the module purpose for use of digital instruments only in 1
ng and not less than 40 h of supervised experience.

of material

A.4.3 Con

se of module

ickness_testing by A-scan and/or digital techniques and to undertake ultrasonic thickness ts

th parallel surfaces.

is practical in nature and may be taught by active patticipation, illustration, demonstration and

less

b h to

te to
sting

Properties and behaviour of ultrasound

acoustic

24

frequency, velocity, wavelength, amplitude
continuous and pulsed waves

modes of vibration

impedance pressure, energy, intensity

reflection, refraction and mode conversion
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