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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 preeeds e + e ose—intended i rer—athtenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO diraws attention to the possibility that the implementation of this docunient may invplve the use
of (a] patent(s). ISO takes no position concerning the evidence, validity or applicability of pny claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received
notide of (a) patent(s) which may be required to implement this docuntenit. However, implejmenters are
cautjoned that this may not represent the latest information, whichXmay be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all

such(patent rights.

Any trade name used in this document is information givenfor the convenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specifi¢ terms and
expressions related to conformity assessment;-as well as information about ISO's agherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This| document was prepared by .Technical Committee ISO/TC 135, Non-destructive testing,
Subcpmmittee SC 9, Acoustic emission. testing.

Any feedback or questions on this\document should be directed to the user’s national standprds body. A
complete listing of these bodies.can be found at www.iso.org/members.html.
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Introduction

Industrial applications of acoustic emission testing for pressure equipment are expanding along
with remarkable improvement of acoustic emission testing technologies. The effectiveness of any
application of acoustic emission testing depends upon proper and correct usage of the acoustic emission
instruments and testing techniques. In addition, the existing international acoustic emission standards
lack specification of a classification system with associated recommendations for maintenance.

The purpose of this document is to provide requirements for testing equipment, testing procedures and
the classification system for acoustic emission testing of pressure equipment in the field of industrial

non-destrug
for acoustic
document a

firzao & Fiomo T tolbliclhhan oot o€ 410 4 £ oo A thalacl: of o0 TCN o4 dard
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emission testing for pressure equipment. The main parties who might benefit froni this
re testing organizations and owners/users of pressure equipment.

Vi
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Non-destructive testing — Acoustic emission testing —
Metallic pressure equipment

1 Scope

This document specifies an acoustic emission testing (AT) technique for metallic pressure equipment

and

This
man

This
This

equi
resu

2 Normative references

The

constitutes requirements of this document. For dated;references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

emis§ion sensors
ISO 12716, Non-destructive testing — Acoustic emission inspection — Vocabulary

ISO/TR 13115, Non-destructive testing—— Methods for absolute calibration of acoustic emission
by the reciprocity technique

EN 14584:2013, Non-destrugtive testing —Acoustic emission testing — Examination of metg
equipment during proof testing — Planar location of AE sources

EN 15495, Non-destructive testing — Acoustic emission — Examination of metallic pressun]
during proof testing.—Zone location of AE sources

EN 13477-1, Non=destructive testing — Acoustic emission — Equipment characterisatior
Equipment deseription

EN 1347%-2, Non-destructive testing — Acoustic emission — Equipment characterisatiol
Verification of operating characteristic

3

e classificatiomandevatuatiomof Tesutts:

yfactured and in-service metallic pressure equipment.
document does not apply to leak detection and in-service monitoring using-AE.

testing method is notintended to be a stand-alone method for testingand‘evaluation of
pment. Other non-destructive testing (NDT) methods may be usede,verify and supple
ts.

following documents are referred to in the text in¢such a way that some or all of t

12714, Non-destructive testing — Acoustic emission inspection — Secondary calibratio

document applies to acoustic emission (AE) detection and monitoring of active(sourges of newly

he pressure
iment the AT

heir content
applies. For
hts) applies.

n of acoustic

transducers

llic pressure

e equipment

— Part 1:

— Part 2:

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12716 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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31
acoustic emission testing
AT

testing of a test object during controlled stimulation using acoustic emission instrumentation to detect

and analyse sources of acoustic emission

3.2
acoustic emission source
AE source

spatial element in the material where transient elastic waves are generated by the release of energy

ission source location

AE source Ipcation

determinatipn of the spatial position of an AE source (3.2) at the test object based on the-artrival
measuremeht using an array of sensors

Note 1 to entry: Several approaches to AE source location are used, including zonal locatioh; computed log
and continuqgus location. The spatial element can be represented by one or more location clusters in plarn
linear location when using computed location method based on time difference or by @location zone when
zone locatio

3.4
activity of acoustic emission source

activity of AE source

total numbar of AE events obtained from one or more locatiorglusters or zones assigned to on
source at a dertain spatial area of the test object

3.5
intensity of acoustic emission source

intensity of AE source

characterization of the AE source (3.2) by using intensity related parameters from one or more loc
clusters or Zones assigned to one AE source at:alcertain spatial area of the test object

Note 1 to entfy: Intensity of AE source for burst related parameters are, e.g. peak amplitude, energy, ring-
counts

ntinuity
discontinuitly which is generating transient elastic waves under controlled stimulation

3.7
pressure equipment

steam boilers, presstire vessels, piping, safety valves and other components and assemblies subijg
pressure logding

3.8

time

ation
ar or
using

e AE

htion

Hown

ctto

Hsu-Nielsen source
device to simulate an AE event using the fracture of a brittle graphite lead in a suitable fitting

Note 1 to entry: Device given in Figure 1

2 © IS0 2023 - All rights reserved
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1
2
30\ \ X
L X

PG\
Key
1 pencil
2 guide ring
3 'l graphite lead
hardness grade 2H
diameter 0,5 mm
length 3 mm + 0,5 mm

Figure 1 — Hsu-Nielsen source

39

acoustic emission detectability parameter

KAE

difference between the evaluation threshold and the system tésting threshold in units dB

4
The

General principles

main purpose of AT on pressure equipment is;to detect and to locate AE sources withiy

or at[the surface of the parent metal or welds.

a)

b)

d)

5

The AT shall comprise 100 % of the pressure-bearing shell. Only in exceptional cases a
directly affecting the safe pressurization of the equipment, the AT may be limited to sj
jgreed upon with the owner/operator at the time of enquiry or order.

The AT shall be done duringthe loading process, which includes the pressure loading,
tnloading and reloading:

The AE sensors shallbe’arranged on the surface of pressure equipment under test in or
the transient elagtic waves released by AE sources and transform them into electric sig

These electricals signals shall be conditioned and transmitted to an AE instrument fox
fecording,interpretation and evaluation.

Per'sonnel qualification

1 the volume

nd when not
becific parts

oad holding
Her to detect

nals.

measuring,

The AT shall be performed by competent personnel. In order to ensure that this is the case, it is
recommended that the personnel meet the requirements of ISO 9712 or equivalent.

6

6.1

Testing equipment

Acoustic emission testing system

An AT system employs an AE instrument, AE sensors, preamplifiers, and interconnecting cables.

This combination together with mounting devices for holding the sensors forms the AT system.

All essential parts of the system shall be specified in a written AT instruction agreed between purchaser

and

supplier at the time of enquiry or order (see 10.2).

© IS0 2023 - All rights reserved
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6.2 Acoustic emission sensors

It is recommended to use sensors in the frequency range between 100 kHz and 400 kHz.

Alower frequency range for sensors can be advantageous in case of high attenuation.

The requirements are as follows.

a) The minimum sensitivity shall be equivalent or greater than 60 dB referred to 1 V/(m-s1).

b) Sensors shall be shielded against electromagnetic interference by proper shielding practice or
by differential element design, or both. The metallic case of each AE sensor shall be electrically

isolate

c) TheAE
not exh

d) The ver

when appplicable.

e) AE sens
other.

6.3 Acou

The AE sign
interferencg
acceptable.

6.4 Coup

The couplan
effect durin

from a metallic test object.

sensors shall be stable over the response frequency and temperature range of use, and
bit sensitivity changes greater than 3 dB over this range.

ification of the sensors should be performed according to ISO 12714 or with ISO/TR 1

ors mounted on the surface of pressure equipment shall be electrically insulated from

stic emission signal cables

al cables connecting sensors and preamplifiers shall‘be shielded against electromag]
. Its length shall not exceed 1 m, unless the length-depending signal loss is considerec
[his may be omitted where the preamplifier is meunted inside the shielded sensor hoy

Jant

t shall aid to keep good surface motion tracking and minimum acoustic impedance tra
b testing.

6.5 Preamplifiers

The preampllifiers may be separate o6r;may be mounted inside the sensor housing.
The requirements are as follows.

a) The RMS voltage of preamplifiers circuit noise shall be less than 7 pV.

b) The preamplifiers ‘shall be stable over the response frequency and temperature range of use
shall not exhibitgain changes greater than 3 dB over this range.

c¢) The prgamplifiers response frequency shall match with that of the sensors, and the gain g

shall

3115

each

netic
| and
sing.

nsfer

and

f the

preamplifiers, usually 40 dB or 34 dB, shall not cause saturation of the measurement chain up to a

100 dB, signal peak amplitude.

d) Ifthe preamplifiers are of differential design, a minimum of 40 dB of common-mode rejection shall
be provided.

6.6 Power signal cables

The signal loss of cables depends on type of cable, frequency and length. The requirements are as

follows.

a) The cable providing power to the preamplifier and conducting the amplified signal to the main

process

or shall be shielded against electromagnetic noise.

b) Signal loss shall be no more than 1 dB per 30 m of cable length.

4
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c) With cable length above 30 m, the resulting attenuation and the voltage drop-off of the DC-supply
shall be evaluated and considered in the data analysis.

d) 150 m is the recommended maximum cable length to avoid excessive signal attenuation.

6.7

Filters

The response frequency of filters in the preamplifiers and the AE instrument shall match with that of
the AE sensors.

6.8

Acoustic emission instrument

The 1

a)
b) 1

q

)
{

[(

h) 4

1

equirements for AE instruments are as follows.

The AE instrument shall have enough AE channels to cover the area to be testéd.

‘or each channel, the AE instrument shall display and record arrival-time, thrd

gmplitude, ring-down count, energy, rise time, and duration for each hit as a minimum

The individual sampling frequency of each channel for acquisitionZf waveforms shal

han 10 times the sensors’ centre response frequency.

The measurement inaccuracy for threshold above 40 dB,z$hall not exceed +1 dB.
The measurement inaccuracy for ring-down counts shall.not exceed +5 %.

The AE instrument shall be capable to process, stor@and display at least 20 hits per seq

hannel.

The delay and display from the arrival of theAE hits shall not exceed 2 seconds.

An alarm shall occur if the hit rate exceeds the capability of the instrument.

\ warning shall occur when the storage space runs short.

The measurement inaccuracyfor peak amplitudes above 40 dB, shall not exceed +1 dB.
The usable dynamic range'shall be a minimum of 65 dB.

The measurement inacéuracy for energy above 40 dB, shall not exceed *5 %.

The resolutionefthe rise time, duration and arrival time for each channel shall not exc
The error ofarrival time measurement between all channels shall be not more than 2 |

The electronic noise levels shall be equal to or below 20 dB, in the frequency range f1

0 400¢kHz.

shold, peak

| be not less

ond and per

|oe]

eed 1 ps.
S.

om 100 kHz

p)

- £ ol el - A " 1.1 b - pa | pa | 1 e 1 1 A . 1 h
CIS PIrelerred trat te HISTT eIt IS ault O TECeIVE dITd T eCoT T d1SU eXteT ITdr erectric signals, suc

as pressure and temperature. The measurement inaccuracy for the external parametric inputs
shall not exceed 1 % of the full range.

q) During data acquisition, AE software shall be capable to display the following diagrams:

1) any AE parameter versus time or load;

2) one AE parameter versus another AE parameter;

3) linear, planar and/or zone locations.

r) The update time for all real-time testing diagrams shall be not more than 5 s.

©ISO
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s) The AE analysis software shall provide functions to replay and to analyse the recorded AT data.

1) Linear and planar location algorithms shall be provided by the AT system manufacturer. Event
location in this regard is based on At measurements and processes the sensor positions as
well as the speed of sound. Application of linear location requires at least two sensors, and
application of planar location requires at least three sensors.

2) Zone location is based on arrival sequence of channels. The event shall be assigned to the first
hit sensor location.

6.9 Maintenance and verification of testing equipment

The performance of the AT system shall be verified at specified intervals in conformity witll\ the
methods pr¢vided by the manufacturer of the AE instrument, or refer to EN 13477-1 and EN\13477-2.

6.10 Presgqure gauge
The requirements are as follows.

a) A presstire gauge shall be installed on the pressure equipment prior to the-test. It is recommended
to use a|pressure gauge with valid calibration certificate.

b) The pressure gauge shall have a range that is between 1,5x and 2x‘the maximum test pressurg.

c¢) The pressure reading from the control room may be used provided a printout and/or digital data,
both coyering the total test period, are made available.

d) The accpracy of the pressure gauge shall be within 1 % of full range.

7 On-site operation

7.1 Preparation

7.1.1 Preliminary information

a) Prior to|the testing, the following’shall be specified:
1) the|purpose of the testand the amount of testing, e.g. 100 % of the pressure-bearing shell
2) theldetails of the-pressure equipment to be tested;
3) thelphysicaldocation of the area where the test shall be performed;

4) thelrequirements for surface preparation;

5) thelaceeptance criteria;
6) therequirements of the test report;
7) the details of qualification of test personnel;

b) The following documents for the pressure equipment to be tested shall be provided by the owner/
operator before performing an AT:

1) manufacturing documents, e.g. declaration of conformity, drawing documents;

2) operation recording documents, e.g. operating conditions and parameters, medium, loading
fluctuations, abnormal situation in operation;

3) previous inspection and testing reports;

6 © IS0 2023 - All rights reserved
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repairs, modifications and maintenance documents.

7.1.2 Site investigation

Prior to testing, a site investigation shall be carried out to find all interference factors, such as friction
of scaffold, electromagnetic interference, vibration. The interference of these factors shall be eliminated
or sufficiently reduced during on-site testing.

7.1.3 Preparation of acoustic emission testing instruction and record sheets

The AT instruction and record sheets shall be prepared in accordance with the AT procedu

re, pressure

equi
and

7.1.4

The ¢letermination of the system testing threshold shall meet the following requirements.

.

1

a)

.

b)

c) 1

d)

.

ment and site conditions. The instrument, applicable sensors, testing place, surfac
ressurization cycle of the pressure equipment shall be specified.

Determination of the system testing threshold

[he background noise of the testing environment shall be determined by lowering
esting threshold to obtain the hit rate of not more than 1 hit per second for each and ev

For the in-service pressure equipment being on-line, the-measurement shall be not less

he system testing threshold of each channel shall\be higher than the background noig

e)

q

7.1.5

The ;
is ne
of sig

The
nozz

The
EN1

If at

b dB.

fthe background noise level is close to AE sighal peak amplitude caused by the active dis
the pressure equipment, the backgréund noise shall be reduced or eliminated, o
pacing shall be reduced, otherwise itiis not suitable to perform the AT.

Determination of the attenuation curve

httenuation of the AE wavies)on the test pressure equipment to be tested shall be deter
ressary for determining.the sensor spacing for effective detection of AE sources and r
nal peak amplitude.to source location.

httenuation shall’be determined away from the discontinuous structure such as m
es using simulated AE sources.

brocedurefor the correction of signal peak amplitudes with distance shall be done §
1.584:2013, Annex A.

fefiydtion data from the same testing conditions are already available, it is not 1

b conditions

the system
ery channel.

[he background noise measurement of newly manufacturéd pressure equipment and in-service
pressure equipment being off-line shall be not less than 5min.

han 15 min.

e by at least

continuities
" the sensor

mined. This
ecalculation

hnholes and

iccording to

ecessary to

dete

TITiTTe thre attenuation agaimn, but the attenuation data strath beimdicated i the Tecor

the test report.

7.1.6 Sensor array

The requirements are as follows.

a)

sheets and

A sufficient number of sensors shall be mounted on the surface of the pressure equipment to enable

AE signal detection and source location, according to the dimension of the equipment and the
purpose of the testing.

b)

of AE peak amplitude, in accordance with EN 14584 and EN 15495.

©ISO
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d)

The spacing difference between adjacent sensors in the same triangle or square array shall be as
low as possible.

All the sensors shall be numbered and indicated in the schematic diagram of the pressure
equipment to be tested. Annex A provides guidelines for sensor placement for some types of
pressure equipment.

7.1.7 Pressurization sequence

The requirements are as follows.

a)

b)

7.2 Sensor mounting

The mounti

a)

b)

f)

g)

7.3 Settings ofthe acoustic emission instrument

The prgq
conditiq

- s 1 111 R R . | | - b =l £ AT 1l
SOUTTZ4UIUIT STUUTIILT S1IdIT DT TSUAUIISIICTU dLLUTUII g TU LT pulrpusc Ul Al 4dIlIU UL

n of the pressure equipment.

real

The commmunication of the AT operator with the pressurization operator shall be included in the AT

instruct

The sen

minimum distance of 50 mm to manholes, nozzles, flanges, supports, pillars, backing plates

welds d
near bu

The pla
lustre. ]
accepta

Efficien

The ten
equipm

Firmly f
device,

For low
to impr

The effq
shall be|

ion.

g of sensors shall meet the following requirements.

sors shall be installed according to the specified sensor array. The sensors shall k¢

iring the whole testing of the pressure equipment. For loeal testing the testing area sh
[ not in the centre of the sensor array.

ce for the mounting of a sensor on the structureshall be smooth and showing the me
[he coating can be kept when it is smooth and compacted and the determined attenuat
ble.

L couplants such as vacuum grease or petroleum jelly are recommended.

perature class of the couplant shalllbe matched to the surface temperature of the prej
ent.

ixing of the sensors with the.pressure equipment shall be performed by a magnetic ho
by an adhesive tape or other method, keeping the electrical insulation.

temperature or high-témperature pressure equipment, AE waveguides (rods) shall be
pve the coupling temperature of the sensor.

bct of the waveguide on the attenuation and localization characteristics of the AE si
determined:

bep a
and
h1l be

tallic

onis

sure

lding

used

bnals

7.3.1 GeneralTequirements

Connect the sensors and preamplifiers with the corresponding input channels of the AE instrument by
cables, turn on the AE instrument and wait until the testing equipment is in proper working condition.

7.3.2

Sensitivity check

The sensitivity of each channel shall be checked using a simulated AE source.

The requirements are as follows:

a) The simulated AE source shall be the Hsu-Nielsen source.

© IS0 2023 - All rights reserved
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b)

7.3.3 Verification of the location system

The Verification of the location system shall meet the following requirements.

b)

7.3.4 Intensity analysis

ISO 24367:2023(E)

The detected peak amplitude of the simulated event shall be at a fixed distance from the centre of
the sensor, and the responsive value shall be the average of more than 3 measurements.

The generated AE signal shall have a peak amplitude of at least 90 dB,j at a distance of
50 mm + 5 mm from the centre of the sensor.

The average peak amplitude of any sensor shall be within +3 dB of the average of all sensors.

The sensitivity check for all channels shall be done before and after the testing. The use of an
electronic pulser to check that there is no subsequent change in sensitivity, by comparison with
that obtained prior to the test, is an acceptable alternative to repeating the Hsu-Nielsen source
check

When using the computed localization, the simulated AE source, i.e. a-'HSu-Nielsen s¢urce minus
the AE detectability parameter K,, shall be received at least by theminimum numbdr of sensors
fequired by the used location algorithm, and shall be located solely-within the sensor array on the
tlest object. The error of location shall be no more than 5 % of the Sensors spacing.

When using the zone location, the simulated AE source shallbe received by at least ope sensor in
that area.

For the intensity analysis of At-based located events, the peak amplitude at the point of so:trce shall be

deriyed from the measured peak amplitude at the first-hit sensor and the calculated dista
first{hit sensor to the calculated point of source)as described in EN 14584:2013, Annex A.

7.4
7.4.1 Pressurization sequence

7.4.1.1 General requirements

The pressurization sequence shall generally meet the following requirements.

f)

ce from the

Performing the test

For newly manufactured pressure equipment, the pressurized medium shall be watef or another
gafe medium:

For in-service pressure equipment being off-line, the pressurized medium shall b¢ water, gas

tilized-during the process, inert gas such as nitrogen or another safe medium.
@M&its working

medium.

The highest test pressure and pressurization sequence for AT shall be determined by the operating
manual and design documents of the pressure equipment, relevant safety technical specifications,
standards and contractual requirements.

The rates of pressurization shall be determined by the operating manual, design documents or
design standards of the pressure equipment. If there is no special requirement, it shall be generally
not more than 5 % of highest test pressure per minute in case of hydraulic pressurization and not
more than 1 % of highest test pressure per minute in case of pneumatic pressurization.

If the AE signal appears continuously during the pressurization or hold period with a large number,
the pressurization shall be stopped or reduced as soon as possible and the cause for the high
activity of the AE source shall be investigated.

©1S0 2023 - All rights reserved 9
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g) If the AE signal appears continuously during the hold period with a small number, the hold period
shall be extended appropriately until the AE signals converge.

h) The hold period shall be terminated early if no AE signal appears within 5 min.

7.4.1.2 Pressurization sequence for newly manufactured pressure equipment

The AT of the newly manufactured pressure equipment may be carried out during the hydrostatic
pressure test.

Figure 2 gives an example for the pressurization sequence for newly manufactured pressure equipment.

Th - e 1 11 il L1l - - d
€ pressunrzationr SCqueITCe SITall IIett tIIc TOoOWITg TTOUIT CITCITtS:

a) The AT|shall start before the equipment pressure reaches 20 % of the design pressuxe’Pf, (or
nominal pressure or rated working pressure).

b) The pregsure shall be held at least 10 min when the pressure reaches the design pressure P and at
least 30| min for the highest test pressure Pr,. P1; shall be equal to the hydraulic tést pressure

c) If the first loading data indicates a possible active discontinuity or is incenclusive, the equipment
shall be[repressurized from Py,

d) The highest test pressure of the second pressurization P, shall béabove 97 % of P, and Helow
PTl-

Y

time

pressure

Ppy the :[ighest test pressure of the first pressurization
Pp, the
Py, the dgsign preSsure

ighest test pressure of the second pressurization

w N Rk =< X

Figur¢ 2— Example of the pressurlzatlon sequence for newly manufactured pressure

ccrBnmoent (aaininaring swn arsse s N
CQUITpIIacIaT \llllllllllulll ToqunT \-lll\'lll-}

7.4.1.3 Pressurization sequence for in-service pressure equipment
Figure 3 gives an example for the pressurization sequence for in-service pressure equipment.

a) For in-service pressure equipment being off-line, the pressurization sequence shall meet the
following requirements.

1) The highest test pressure Py, shall be at least 110 % of the maximum working pressure Py of
past 12 months. The pressure equipment operator shall provide this information on basis of
operational data in digital format or as print-out covering the past 12 months period prior to
the date of test.
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w N R =< X

2)

3)

4)

5)

ISO 24367:2023(E)

The AT shall start before the equipment pressure reaches 50 % of the maximum working
pressure.

The pressure shall be held at least for 30 min when the pressure reaches the highest test
pressure Pr;.

If the first loading data indicates a possible active discontinuity or is inconclusive, the
equipment shall be repressurized from 50 % of the P;.

The highest test pressure of the second pressurization P, shall be above 97 % of P, and below
PTl-

j’or in-service pressure equipment being on-line, the pressurization sequence shdll meet the

ollowing requirements.

1) The highest test pressure Py, shall be at least 110 % of the maximum sorking pressure Py,
of past 12 months. The pressure equipment operator shall provide thisCinformatjon on basis
of operational data in digital format or as print-out covering the past«12 months period prior
to the date of test. The highest test pressure P shall be lower than‘the design pressure Py, If
these requirements are not possible, it shall be considered to take‘the pressure equipment out
of operation and apply the procedure described under 7.4.1.3 aj:

2) The working pressure shall be reduced as low as possibléat least 5 days prior to AT to the start
test pressure Prs.

3) The AT shall start at the beginning of the pressurization.

4) The pressure shall be held at least for 10 minutes when the pressure reaches the maximum
working pressure Py and at least for 30 minutes for the highest test pressure Pr;.

1
Y
2 30 min
10.min
3
X

fime

pressure

P4 the highest test pressure

Ro—the-maximum-working-pressure

Prg, the start test pressure

Figure 3 — Example of the pressurization sequence for in-service pressure equipment

(minimum requirement)

7.4.2 Data acquisition and observations during acoustic emission testing

The requirements for data acquisition and observations during AT are as follows:

a) The data acquisition shall include the parameters given in 6.8 b).
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b) Using software filters or graphic data display analysis methods, the non-correlated AE signals shall
be separated from relevant AE signals, and indicated in the test records.

c) For AE source location clusters in computed location method based on time difference, the spatial
area shall be confirmed by simulated AE sources.

d) The arrival times of AE signals shall be collected when using source location based on the time
difference between channels.

e) The trend of the AE hits and/or AE events versus time shall be observed during the test.

f) For an area bristled with located AE events, it shall be checked whether there is external
interference.

g) During fthe test, the background noise shall be monitored. Periods of obvious noise interfegence
shall bejmarked.

7.4.3 On-Jine data analysis and stop criteria

7.4.3.1 General

In the procgss of AT, the AE signals shall be observed and analysed on-line for the whole duratipn of

the test. If dlisturbance noise occurs during the testing, it shall be treated according to 7.4.3.2.|Data

observationfs and analysis during testing shall be performed according to 7.4.2 and 7.4.3.3.

7.4.3.2 Noise during testing

Attention mst be given to the following factors that can affect the testing results:

a) injectioh of medium;

b) excessiyely high pressurization rate;

c) external mechanical vibration;

d) movement or pressure burst of internal components, tooling, scaffolding, apparatus;

e) electromagnetic interference;

f) weathey conditions, such as’interference from wind, rain, hail;

g) leakage

7.4.3.3 Data analysis during testing

The trend of thé AE hits versus pressure or time shall be observed during the test.

For source location based omnm time difference betweemn Clitannets, the trend of focated AE €Vents versus

pressure or time shall be observed during the test. For an area with widespread located AE sources, it
shall be checked whether there is external interference.

7.4.3.4 Stop criteria

A decision to stop the test shall be made in the case of increasing the activity of the AE source and/or
intensity of the AE source during a loading sequence.

a)

12

If there is a large amount of AE signals during loading, the pressurization shall be stopped and the
testing shall be paused.
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If AE signals with very high peak amplitudes appear during the testing (depends on the material
and construction of the pressurized equipment), the pressurization shall be stopped and the testing

shall be paused.

After reaching pressure hold, if AE signals are still being generated, there is a possibility of crack

propagation without further loading. The pressure shall be decreased until no new
generated.

AE signal is

The AT operator shall investigate the reasons for these AE signals through data analysis and on-site
observation. If necessary, other non-destructive testing methods may be required for clarifying the
found indication. If a noise signal is identified, it shall be eliminated to continue with pressurization. If

the

8

8.1

The general requirements for interpretation and evaluation of AE data are as follows.

a)

b)
‘)

d)

8.2

Interpretation and evaluation of AE data

General

Dn completion of the test, data analysis and interpretation shall be performed off-line
8.2.

[lassification of the AE sources of the test object shall be‘performed according to 8.3.

The results of data analysis, interpretation and classification of the AE sources of th
ghall be documented in the test report.

Off-line data analysis

h P 1 L 4 R | daf £+ 4 ralolll o & : i
L olsualo dalt Ldustu U_y d lJULCllLlal SCUVUIT UTITLL, LIIT }Jl CooUItT LLOoL Slldll UT LCT ITIIITIatT .

hccording to

b test object

A schematic diagram of the AE sources locationtof the test object shall be included in the test report.

After completing the AT, all recorded\AE signals shall be processed, analysed and inferpreted to

perform the diagnosis of the test.

The dlata analysis and interpretation shall meet all the following requirements.

a)
b)
‘)
d)
e)
f)

Noise signals that occur'during detection shall be clearly identified.
Appropriate filtering/nethods shall be selected to filter noise signals and irrelevant AE
The AE signals'shall be analysed as a function of pressure and time.

The chardcteristic parameter distribution of the AE signals shall be analysed.

$pecialattention shall be paid to high peak amplitude AE signals.

signals.

The’ AE source location method shall he chasen :lr‘r‘nrrh'ng to the fnch'ng purpose:zd

ne location,

planar location or linear location.

1) For zone location analysis, each zone covered by a sensor shall be considered indiv

idually.

2) For linear and planar location analysis, each and every location cluster shall be analysed

individually.

3) For planar location analysis, the correction of the peak amplitude as a function of the distance

shall be performed.

© IS0 2023 - All rights reserved
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4) For linear location analysis, the correction of the peak amplitude as a function of the distance
shall be applied depending on the testing technique and purpose.

g) The type of AE source location, shape and size of the area of an AE cluster or zone shall be

determined.

h) The analysis methods with conditions such as the evaluation threshold and the testing threshold
used (in dB,g) that were applied for interpretation of the results shall be recorded in the final test

report.

8.3 Classification of the acoustic emission sources of the test object

8.3.1 Determination of the area of an acoustic emission cluster or zone

For zone lodation methods, the shape and size of the area of an AE zone shall be deternfined from the
sensor array. If there is no special requirement, it is recommended that the area covered’by a sensor is
the area divjded by the centre line of the sensor and the adjacent sensors in the sensorarray. All AE hits

detected first with this AE channel are considered to be the AE events of this AEzoné.

For linear location methods, alinear rating area of an AE cluster shall be defined by the maximum s¢nsor
spacing in the sensor array. The length of the rating area shall be defined based on the size of pregsure
equipment gnd testing purpose. The located AE events falling within thiséarea shall be considered fto be
the AE events from this AE source area.

For planar Ipcation methods, a square or circular rating area of-an AE cluster shall be defined by the
maximum sensor spacing in the sensor array. If there is no special requirement, it is recommended that
the length gr diameter of the rating area is 10 % of the maximum sensor spacing in the sensor drray.
The located| AE events falling within this area shall be considered to be the AE events from this AE

source area

8.3.2 C(lagsification system for acoustic emission sources

The assessment of AE sources is based on thejactivity and intensity of the AE sources. The AE solirces
shall be ass¢ssed by a classification system consisting of four different classes as shown in Table 1| The
class definitiion, severity degree and recemmended further action also are given in Table 1 based op the

risk managdment and safety assurarnce-of pressure equipment during operation.

Table 1 — Classification system for acoustic emission sources

Recommended further action
Class Definition Severity New.pressure equiprpent Il}-service pressure
degree In-service pressure equipment | equipment being on-line
being off-line
Non-significant . Neglectable indication Neglectable indicatign
[ Not serious . .
source No further action No further action
: . Weak indication Weak indication
11 Weak active source Inconclusive
Note for future reference Note for future reference
Obvious indication Obvious indication
1 Active source Serious Immediate follow up with To be prioritized for follow
other NDT methods up with other NDT methods
Strong indication Strong indication
v Very active source Critical Immediate follow up with Immediate follow up with
other NDT methods other NDT methods

For new pressure equipment and in-service pressure equipment being off-line, discovering class Il
and class IV AE sources shall be immediately followed up with other NDT methods before starting or
restarting operation of the pressure equipment.

14
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For in-service pressure equipment being on-line, discovering class IV AE sources shall be immediately
followed up with other NDT methods in order to clarify if the pressure equipment needs to be taken
directly out of service.

For in-service pressure equipment being on-line, discovering class 1l AE sources shall be prioritized for

follow up with other NDT methods.

For all pressure equipment, discovering class Il AE sources shall be noted for future reference.

For all pressure equipment, discovering class I AE sources do not need further action.

Subclauses 8.3.3 to 8.3.5 specify the allowed classification methods, at least one of these m

ethods shall

be applied.

The gpplication of the classification methods shall comply with Table 1.

8.3.3 Classification method 1

8.3.3.1 General

Appljcation of only one sensor on the test object does not allow arrival-time-based location

Linear location analysis shall be the preferred option where pipingand small pressure vess¢
medjum-sized cylindrical vessels have to be tested under th€ constraint to separate differ
evenfs according to their origin in one dimension.

Locations of AE sources shall then be reported by one c¢éordinate, e.g., the distance to a refi
along the cylindrical axis.

It hap to be noted that a limited but rather large“area of the test object may be regarded

condjiitions of the vessel shell).
The assessment of these vessels shall include the determination of the location of the active

The Jocation algorithm using a system of coordinates in two dimensions shall be selected
the shape of the test.6bject (planar plane, planar cylindrical or spherical).

The location aceuracy of +5 % of the maximum used sensor spacing d shall be verified

max,u
Hsu-Nielsen source according to EN 14584.

Appljcationof only one sensor on the test object does not allow arrival-time-based location

analysis.

tls as well as
ent physical
brence point

as potential

sels have to
assessment
propagation

sources.

hccording to

by using the

analysis.

8.3.3.2  (lassification

The on-line assessment of the test data shall be made according EN 14584.

The specific values of EB, A1, N1, AC1, NC1, ACZ, NC2, N3, Z and t,, shall be fixed from
organisation within the pressure equipment specific AT instruction.

The test shall be stopped in case the values N1, NC1, NC2 or N3 are reached or exceeded.

Moreover, the test shall be stopped as well in case the energy on at least one channel reache

the testing

s or exceeds

a value of EB and doubles in two consecutive intervals of pressurization with 5 % of the maximum test

pressure.

An example for the on-line evaluation parameters is given in Table 2:

© IS0 2023 - All rights reserved
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Table 2 — Example for the on-line evaluation parameters according to EN 14584 when testing
a pressure vessel with a yield strength of more than 355 MPa

The off-line
Table 3.

On-line evaluation parameters Example values
EB 10 000 eu
Al 110 dB,g
N1 5

AC1 95 dB,g
NC1 5

AC2 83 anD
NC2 20

N3 2

Z 0,1 dpaxu
ty 5 min

evaluation parameter can be derived from those used for on-ling~analysis as shown in

The classifi¢ation method based on the evaluation parameters shown in,Table 2 and Table 3 is givien in
Table 4.

Table 3 —|Example for the off-line evaluation parameters when testing a pressure vessel with

Table 4 —

ayield strength of more than 355 MPa

Off-line evaluation parameters Example values
A1* 120°dB g

N1* 3

ACT* 95 dB,g

NC1* 3

AC2* 83 dB,g

NC2* 10

YAl 0,1d .44

and planar location of AE sources

Classification method based on on-line and off-line evaluation parameters for linear

Class I II 11 IV
None of the values | The value NC2*/2 | Atleast one of
N1* NC1* or is reached or the values N1* or | Stop criterion for
Criterion NC2*/2 are exceeded but not | NC1* or NC2* are | on-line analysis
reached or the values N1*or reached or fulfilled
exceeded NCT* exceeded

Alternatively, a software tool for evaluation of detected AE location clusters according to their severity
may be used.

Such a tool shall be able to process on-line the following parameters of each and every located event
within the respective location cluster:

a) peakamplitude;

b) energy;

c) duration;

d) number of events per location cluster;

16
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e)
f) number of high peak amplitude signals.

event rate per location cluster;

For any detected location cluster, the output of the software tool, often referred to as cluster evaluation
factor (CEF), is a single value within a specified severity range.

The severity range shall be structured into different AE source severity classes, see Table 5.

Table 5 — Classification method based on the cluster evaluation factor for linear and planar
location of AE sources

Class I II III 10"

Clupter evaluation factor CEF

0<CEF<a

a<CEF<b

b<CEF=sc

r < CEF

The ¥
to th

The
the v

If thd
the i

The s
8.3.4

8.3.4
The :
This
a)
b)

ralues a, b and c in Table 5 shall be specified in the AT instruction by the test grganisatig
e results obtained from verification tests.

bn-line evaluation criteria to stop the test shall be fulfilled if the cluster‘evaluation fa
alue c.

AE test is completed, the off-line evaluation of the test data shall provide the final clas
lentified AE sources according to Table 5.

everest AE source shall represent the condition of the.test object.
Classification method 2

.1 General

method includes the following three-steps.
[he activity level of the AE source in the AE location cluster shall be evaluated by class

[he intensity level of the-AE/source in the AE location cluster shall be evaluated by clag

c)

8.3.

8.3.
The

The class of the AE source in the AE location cluster shall be evaluated based on its

tensity level.
.2 Classification

.2.1 _“Evaluation of the activity level of the acoustic emission source

irea of an AE location cluster used by this method shall be carried out according to 8.3].1

naccording

ttor exceeds

sification of

S.

activity and

N of located

vialuation of the activity level of the AE source shall be determined by the total number

Table 6 — Evaluation of the activity level of the acoustic emission source

forel nuernElJ):\I;gl?sf tocated N <Ny Ny <N <Ng Ng=<N<Nysg Nys=<N
Activity level of the .
AE source Weak Medium Strong Very strong

The values Ny;, Ng and Ny in Table 6 shall be specified in the AT instruction by the test organisation
according to the results obtained from verification tests.

The test shall be stopped if the total number of located AE events in the AE cluster area is equal or

exceeds the value Nys.
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8.3.4.2.2 Evaluation of the intensity level of the acoustic emission source

The evaluation of the intensity level of the AE source shall be determined by the characteristic peak
amplitude A of located AE events in the AE location cluster area as shown in Table 7.

The peak amplitude correction of the located AE events shall be applied according to results of the

attenuation

measurement.

The characteristic peak amplitude A of the AE source in the AE location cluster area shall be the average
of the five largest peak amplitudes of all the located AE events.

The values

Ay and A, in Table 7 shall be specified in the AT instruction by the test organis

ation

according td

the results obtained from verification tests.

Table 7 — Evaluation of the intensity level of the acoustic emission source

The characteristic peak
amplitude A of located AE events A<Ay AusA<Ay Ay A
Inflensity level of the AE source Low Medium High

8.3.4.2.3

The class off
as shown in

The severes

Evaluation of classes of acoustic emission sources

an AE source shall be evaluated in accordance with theirfagtivity level and intensity
Table 8.

t AE source shall represent the condition of the test object.

Table 8 — Evaluation of classes of acoustic emission sources

Activity level
Very strong Strong Medium Weak
) High JATA IV 11 11
Intensity Medium W 1 1 I
level

Low 11 111 11 I

8.3.5 Classification method 3

8.3.5.1 Ge¢neral

This classifi
used on larg

Location se
disadvantag

cation method is based on zone location using severity value and historic index. It is m
e structures.

efbecause location cannot be applied as a noise filter. For this reason, during a zone loc

evel,

pinly

[tings¢are less critical because only one sensor needs to detect an event. But this has a

htion

test special

After the test the data shall be reviewed to remove noise:

Periods

a)

of noise where the cause was noted during the test shall be removed.

An example is noise from the closure of valves at the start and end of a hold period.

b)

Genuine data is normally related to the pressure, noise is normally not.

1111 1 CER | - 1 1 £o1 . . 3 .
CAI'C SIIdIT DC LAREIT LO dVOIU TIOISC AITU POSTLESL Udid THUCTIITE TSQUITTS SPElldl dLLCIILIOIL

Signals caused by e.g., surge pressure, water hammer or by cooling steam tracing will continue
through pressure increase and hold periods. The same holds for noise from nearby plant.

However sometimes the data can be real even if it is not related to pressure e.g. data from stress
corrosion cracking.

18
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c) Some types of noise can be removed based on the signal characteristics.

Very short duration AE hits well above the threshold may indicate electro-magnetic i

nterference.

Very long duration AE hits may indicate mechanical noise. These hits can be used as a tell-tale to

remove short periods of time from the test data. High peak amplitude data shall never
from the post-test unless the source is clearly not relevant.

8.3.5.2 Classification

be removed

After noise removal, evaluation of the data shall be performed per zone at the evaluation threshold.

The evatuatiomrthreshotdshattbe apcuiﬁcd tmrthe AT-instruction—1t C‘{cpcud) oirthemate
metd]l, yield strength, heat treatment), the type of vessel and on the type of test (new, i-s¢
2nd Jpading).

8.3.3.2.1 First evaluation step based on criteria

The first part of the evaluation is based on five criteria:

a) AE hits above evaluation threshold:

This gives an indication of the size and severity of the defective region. This criterion is
important for in-service vessels, where hits below the operating stress indicate the
ignificant defects. The phenomenon of hits below normal operating loads is an indid
everity of a defect.

b) High peak amplitude AE hits:
These often indicate the presence of a growingicrack.
c) AE hits during load hold:

This is particularly significant. Contifiuing emissions indicate continuing yield or dal
¢reep or a growing discontinuity:- Fill and other background noise will generally be af]
during a load hold period.

d) Increasing activity of AE source with load.
e) Increasing intensity ¢f'AE source with load:

Both the progresSively increasing activity and intensity are an indication that the soul
gignificant striictural defect which is responding to increases of stress.

The ¢riteria shall be detailed in the AT instruction, Table 9 gives an example. The data shall |
per Zone.

For Zones-that pass the criteria, the class shall be: I non-significant source, no further actio

ial (type of
brvice, 15t or

particularly
presence of
ation of the

nage due to
a minimum

'ce may be a

be evaluated

Any zone that fails one of the criteria shall be further evaluated according to 8.3.5.2.2.

© IS0 2023 - All rights reserved
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Table 9 — Example for in-service evaluation criteria for steel with yield stress <460 MPa

Maximum allowable Maximum Maximum allovl\\//I:k))(llénali:rtrilvit allolx\//lvz)éigl::ér

hits above evaluation |allowable high peak| allowable hits increase with y increase witﬁgy
threshold amplitude hits during holds
E E £ respect to load respect to load
T A " EpL Egy,

5up to Pray 12 month 2 beyond

20 per 5 % further 0>65dB,g 2 min from start No increase No increase

pressure increase of hold

Et = Peak amplitude of a Hsu-Nielsen source at 10 cm from the sensor centre - 45 dB

8.3.5.2.2

The second
defined beld

a) Historig

1) ave
2) the
zon|

b) Severity
1) ave
2) the
The values d

An intensity
Y axis. The d

The intensit]
the zone nui

becond evaluation step based on historic index and severity value

W.

index:

e.
 value:

Fage energy of the S AE hits with the highest energy;

severity value indicates the intensity for thatZone.

f H and S shall be specified in the AT instruction, typical values are H=20 and S=10.

chart shall be defined with the histeric index on the X axis and the severity value o
hart area shall be divided in at least 4 classification areas.

y chart shall be defined in detail in the AT instruction, an example is given in Figure 4
mbers indicated in the chdrt.

rage energy of the last H percent of the AE hits divided by average\eriergy of all AE hitg;

bart of the evaluation shall be based on the values of the historic index and severity value as

»

historic index indicates if the intensity is increasing progreSsively or degressively forf that

n the

with

20
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Channel Hits Historic index Severity index Intensity chart; Severity vs Historic for All Channels
1000 -
1 10
2 191 4.19 355.75 .
5 216 2.12 43.50 ]
€ 74 113 7.75 4 2
7 182 1.86 32.60 4
8 27 1.04 7.55 1
10 195 4.82 3503.95
m
12 13 1.00 5.23 3
16 42 1.08 6.65 ]
23 10 1.00 6.30 - 5
24 34 1.05 7.05 - 7 |I|
28 12 1.00 12.75 - -
oLl 29 1.U4q Q. /U 1
a1 12 1.00 16.25 M 48 Ny
43 26 1.00 7.20 . = !
45 36 1.03 5.65 10 |II QY
46 109 1.45 14.40 — L
48 137 1.46 15.45 3 AL
1 AN
- N\, &
v
1_| 1 -\'.I L} 1 1 ' L} |
< > 1 (‘\\ 14

Figure 4 — Example intensity chartawith the classes

The ¢lasses and connected recommended actions for these zones are specified in the Table [10.

Tablle 10 — Classification method based on area in intensity chart for zone location pf acoustic
emission sources

Class I I 11 v
Area in intensity chart \ I1 I11 IV

The areas I, I, III and IV in Table. 10 shall be specified in the AT instruction by the test ¢rganization
according to the results obtained from verification tests. The test shall be stopped if the area IV is
reached.

For the zones with higlh:classes, planar location using the data at acquisition threshold npay assist in
finding the actual location of the source so follow-up NDT can be performed efficiently.

9 Acceptange criteria
The acceptance criteria shall be agreed upon by the testing organization and owner/user of the pressure

equipment. If the acceptance criteria are not clearly specified, the test report shall state that the test
obje 1t has failed the testin case an AE source of class IV has been identified

Follow-up with other suitable NDT methods shall be performed according to Table 1.

10 Documentation

10.1 General
The documentation shall consist of the following:
a) the written AT instruction;

b) the testrecords;
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