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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.
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Introduction

In recent years, new non-destructive examination (NDE) techniques have been successfully introduced
as an alternative for part of the conventional testing procedures for gas cylinders and tubes at the time
of periodic inspection and testing.

One of the NDE alternative methods for certain applications is acoustic emission examination (AT),
which in several countries has proven to be an acceptable testing method applied during periodic
inspection.

This essurization
to a yalue of at least 110 % of the cylinder’s normal working pressure or hydraulic présgurization to
a value equal to the cylinder’s test pressure. ISO 16148 was developed for periodie, inspection and
testipg of monolithic materials (seamless steel and aluminium-alloy cylinders [Type-1]) and includes
modal acoustic emission. ISO 16148 is not adapted to test composite cylinders. Farcomposife cylinders,
further details on the use of modal acoustic emission are described in ISO/TS19016.

ISO 11623 provides requirements for the periodic inspection of composite cylinders bpased on the
hydrpulic test and visual inspection.

AT was used recently (HyPactor Project[10]) to detect loss of performance of composite cylipders due to
mechanical impact. These tests have shown that this method canbe used successfully to d¢tect defects
in cqmposite cylinders, provided that appropriate verificationvcriteria using performange tests and
pressurization tests for cylinders and tubes with or without:damage are used as outlined i Annex A.

This|document also gives other requirements concerming preparation, finishing and maintenance of
composite cylinders and tubes as well as the safety precautions for the personnel performing this work.
Thesle requirements can be mandatory under othefiregulations.

© IS0 2022 - All rights reserved v
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Gas cylinders — Cylinders and tubes of composite
construction — Acoustic emission examination (AT) for
periodic inspection and testing

CAUTION — Some of the tests specified in this document involve the use of processes that could

lead

to a hazardous situation.

1

This|document specifies the use of acoustic emission examination (AT) during-periodi
and testing of hoop wrapped (Type 2) and fully wrapped (Types 3 and 4) compasite trans

cyli
of lin
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andt
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1SO ¢
1SO 1
1S0/
AST)
EN 1
EN 1

EN 1]
equif

Normative references

cope

ders and tubes of water capacity up to 3 000 I, with aluminium-alloy, steel or non-met
erless construction (Type 5), intended for compressed and liquefied,gasés under press

ipplicable to only the verification of the composite material. Additional inspection suc}
1l inspection of the liner does not apply to this document (see 1SO"11623).

Unless noted by exception, the use of the word “cylindet® in this document refers to b
libes.

following documents are referred to in thestext in such a way that some or all of t
Fitutes requirements of this document. For' dated references, only the edition cited
ted references, the latest edition of the<teferenced document (including any amendme

712, Non-destructive testing — Qualification and certification of NDT personnel
0286, Gas cylinders — Vocabulary
EC 17025, General requirements for the competence of testing and calibration laboratori

1 E1106-12, Standard Test Method for Primary Calibration of Acoustic Emission Sensors

3554, Non-destructive testing — Acoustic emission testing — General principles

4584, <Nen-destructive testing — Acoustic emission testing — Examination of meta
ment\during proof testing — Planar location of AE sources

C inspection
bortable gas
allic liner or
ure.

L as internal

pth cylinders

heir content
applies. For
hts) applies.

)

3477 (all parts),:Non-destructive testing — Acoustic emission — Equipment characterisdtion

llic pressure

Acoyictic pomiccinn

EN 1

CAQC Naon Doctryctivo focting Evamination of motallicr nrocciiy
OO D Co Tttty C—tCO Tt OO Tt OO TO Tttt oo O CCttit PO

during proof testing — Zone location of AE sources

sure equipment

EN 15857, Non-destructive testing — Acoustic emission — Testing of fibre-reinforced polymers — Specific

meth

odology and general evaluation criteria

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10286 and the following apply.

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

|
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[EC Electropedia: available at https://www.electropedia.org/

acoustic emission

AE

class of phenomena whereby transient elastic waves are generated by the rapid release of energy from
localized sources within a material, or the transient waves so generated

Note 1 to entry: Acoustic emission is the recommended term for general use. Other terms that have been used in

AE literature

include:

stress wave emission;

a)
b) microsei
c) emissior

smic activity;

or acoustic emission with other qualifying modifiers.

Note 2 to enftry: For composite materials, elastic waves can also be generated by delamifation, fibre

breakage or |
[SOURCE: I
3.2

natrix (3.12) debonding.
0 12716:2001 2.1, modified — Note 2 to entry added.]

acoustic enpission detection threshold

voltage leve

3.3

that must be exceeded in order to detect an acoustic emission (3.1) signal

acoustic emission evaluation threshold

threshold v4
3.4

lue used for analysis of the test data

acoustic emission examination

AT
testing of a
detectand 4

3.5
anisotropy
property of

3.6
backgroun
acoustic emi

3.7
composite
fibres (3.11)

test object during controlled stimulation using acoustic emission (3.1) instrumentati
nalyse sources of acoustic emission

q material to have diffetent physical properties in different directions

[l noise
ssion (3.1) signal that originates from sources other than defects

pverwrap
and matrix (3.12) taken together as a combined unit

3.8

3.11)

bn to

cylinder test pressure
marked value on the cylinder at which it is pressure tested

39

developed pressure
pressure developed by the gas contents in a cylinder at a uniform temperature of T,

Note 1 to entry: T,

ax

international or national cylinder filling regulations.

[SOURCE: IS

0 10286:2021, 3.5.27]

is the expected maximum uniform temperature in normal service as specified in
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Felicity ratio
load at which the “onset of significant emission” (based on the rejection criteria) occurs during the
reload portion of load/reload cycles, divided by the previous maximum load of that cycle

Note 1 to entry: The onset of significant emission is derived from an AE characteristic parameter and its
quantitative value, for all channels and/or most active channel.

as cylinder

hlly at 21,1 °C

enerated by
are defined
ibre bundle
sure causes
structure as

3.11

fibre

load-carrying part of the composite overwrap (3.7)

EXANPLE Glass, aramid or carbon.

3.12

matrix

matgrial used to bind and hold the fibres (3.11) in place

Note [l to entry: The matrix is sometimes called “resin”.

3.13

working pressure

settled pressure of a compressed gas at a uniform reference temperature of 15 °Cin a full g
Note [l to entry: In North America, service pressure is often used tovindicate a similar condition, usu
(70 °F).

Note 2 to entry: In East Asia, service pressure is often usedfo’indicate a similar condition, usually at 35 °C.
[SOURCE: ISO 10286:2021, 3.5.30, modified — Not&8 to entry deleted.]

4 G(eneral operational principles ef acoustic emission

Wheh a composite cylinder containing flaws is pressurized, transient elastic waves can be g
several different sources (e.g. fibre breakage, matrix cracking, delamination). These wavesg
as agoustic emissions (AEs). AEs\resulting from major flaws such as delamination or f
breakage start at a pressure_less than or equal to the AT test pressure. The internal pres
stregs in the composite overwrap, which can result in AE that propagate throughout the
platg waves.

Piezgelectric sensors-mounted on a cylinder surface respond to plate waves that propagatd

the
para
mou
of th
can k

tructure. Theyvare connected to a signal processor via a preamplifier, which record
meters assoeiated with the motion under the sensor surface. Using at least two §
ted at each end of a cylinder, allows the operator to determine a linear location (whilg
Fee sensors are required for planar/geodesic location). The approximate location of ey
e derived from the measured arrival time of sound waves at the sensors.

throughout
s the signal
ensors, one
a minimum
yent sources

The general principle of this document is to perform some AE tests followed by destructive tests on
undamaged cylinders, cylinders with acceptable damage, and cylinders with unacceptable damage in
order to validate and choose the relevant parameters and rejection criteria for each cylinder type and/
or size. However, once rejection criteria are selected for a design type, then these criteria shall be used
for the cylinders of the same type.

If, for the parameters and rejection criteria selected, it is not possible to differentiate between damaged
and undamaged cylinders, then another rejection criterion shall be selected. If the rejection criteria
do not allow a differentiation, then AT shall not be used. Annex A gives an example of verification tests
performed on cylinders to detect damage resulting from mechanical impacts or other types of damage.

In all cases, the potential failure modes of the cylinder design and the related effect analysis shall be
assessed.

©ISO
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5 Personnel qualification

The AT equipment shall be operated by, and its operation supervised by, qualified and experienced
personnel only, certified in accordance with ISO 9712 or equivalent (e.g. ASNT SNT-TC-1A). The operator
shall be certified to at least Level I and this individual shall be supervised by a Level II or a Level III
person who offers an interpretation of the results. The testing organization shall retain a Level III

(company employee or a third party) to oversee the organization’s entire AT programme.

6 Test validity (input instructions)

The type of
carbon, glas|

Further infdq
water capa
Annex A).

7 Acous
7.1 Acou

7.1.1 Aco

Damage in (
activity tha
performanc
type of matq

7.1.2 Sen

The sensor{
frequency if
without cro
100 kHz to 4

Low-freque}
(100 kHz to

The charact
during the d

NOTE
of the sensor
radiation or 4
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s, aramid) and the resin (e.g. epoxy) shall be recorded.

ity (minimal or nominal), its outside nominal diameter and its working pressure

[ic emission testing calibration and testing equipment
stic emission equipment and settings

ustic emission instrumentation

omposite structures usually generates a transient/AE, similar to a burst, but with a st
[ can resemble a continuous emission. The AE ‘instrumentation used shall have suffi
e to allow real-time acquisition and processingof the numerous AE sources emitted by
brial without saturation of the acquisition system.

S0r'S

shall have a minimum sensitivity of +60 dB ref. V/m (transient source) at the resq
| accordance with ASTM E1106-12 or equivalent. They shall be stable in terms of sensit]
5s-talk, in the temperature-range of the test. The frequency range used shall be withi
00 kHz frequency band:

200 kHz).

eristics of the-sensors shall be monitored and recorded at the start of the procedurg
uration of.the procedure in accordance with EN 13477-2 or equivalent.

The procedure given in EN 13477-2 allows rapid comparison of the sensitivity of sensors. Deterioq

b canvresult from several sources, e.g. mechanical shock, exposure to high temperature, high ioj

(e.g.

rmation shall include as a minimum the name of the cylinder manufacturer, the cylinder’s

(see

rong
cient
y this

nant
ivity,
n the

icy sensors (e.g. 30 kHz to 75 kHz) shall not be used to replace high-frequency semsors

and

ation
izing

corrosive environment, water ingress or a damaged connector or cable.

7.1.3 Preamplifiers

The preamplifiers may be integrated to the sensors or installed in a remote location. The gain of the
preamplifiers shall be known. The minimum dynamic range shall be at least 66 dB .

7.1.4 Filter

The overall filtering (preamplifier + system) shall have a minimum slope of 24 dB/octave outside the
110 kHz to 300 kHz band. The acquisition frequency band shall consider the frequency of the sensor
used.

For the low frequency sensor, the bandwidth shall be between 20 kHz and 45 kHz.

© IS0 2022 - All rights reserved
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7.1.5 Settings

The value of the acoustic emission detection threshold shall be at least 6 dB above the background
noise. In all cases, this value shall be less than or equal to the acoustic emission evaluation threshold.

The background noise shall be below 30 dB,.

The rearming time of the system (defined as the minimum time between two consecutive bursts)
shall be less than or equal to 200 ps. The acoustic activity is very high (risk of burst overlapping) and
the reflection is dramatically reduced due to the significant attenuation of the cylinder’s materials of

construction. The rearming time of the system shall be adapted to the propagation conditions and shall
ensure nph'mnm prpr‘f:ﬂ'\ﬂify

A wifitten procedure shall be available and applied for the adjustment of its instrumehtatjon settings.
This|procedure shall allow to define, on-site, the signal acquisition, conditioning-and processing
condjfitions in accordance with EN 13554, EN 13477-1 and EN 13477-2, EN 14584, \EN 15495, EN 15857
or equivalent.

7.2 | Acoustic emission examination calibration and equipment verification

7.2.1 Calibration

The pressure sensors shall be calibrated at least annually iiraccordance with the reqyirements of
ISO/]EC 17025. The sensors shall be verified monthly by.a cempetent person in accordance with an
apprppriate standard, e.g. ASTM E2191/E2191M-16.

The ¢ompetency of personnel is defined in ISO 16148:2016, Clause 5.

NOTH This does not prohibit calibration of the¢pressure sensors off-site from the laboratoty, e.g. at the
machfine location.

The [performance of the complete AT system shall be checked, at least annually, according to a
recognized standard, e.g. EN 13477-2, ASTM E1419/E1419M-15a, and shall be adjusted so it{conforms to
the equipment manufacturer’s specifications.

7.2.1 Determination and chéck of sensor installation layout

7.2.2.1 Velocity and attehuation measurement

Due to their compogitien, composite materials are heterogeneous and anisotropic materials| Anisotropy
mairlly results frém'the volume and orientation of the fibres; it affects the propagation of fthe acoustic
extepsional waves in terms of velocity and attenuation. Therefore, the attenuation shall bp measured,
espefially forhigh-frequency sensors, in all directions and then considered in the worst condition found
(e.g. fircuinference + line at 45° in relation to the circumference).

Lo ) AL 1 L
7.2.2:2—Numberof serrsors

The number of sensors shall allow the overall examination of the entire tested structure, with zonal,
linear and/or planar location analysis (if applicable). If access to the cylinder wall is not possible,
then other possible solution(s) with their limits (if any) shall be proposed to perform the overall
examination of the structure (permanently installed sensors or installation of access shafts, e.g. at time
of manufacturing) in accordance with this document.

7.2.2.3 Sensor-to-sensor distance

The check of the performance of the acquisition system shall usually be carried out using a 2H graphite
pencil lead, with a diameter of 0,5 mm and a length of 3,0 mm * 0,5 mm, held by a suitable end piece
(Hsu-Nielsen method).

© IS0 2022 - All rights reserved 5
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The attenuation curve is determined by measuring in at least in two directions at 45° angles, one
direction being preferably the hoop direction or the axial direction, on at least six points distributed
over the detection distance of a high-frequency sensor, with at least three lead breaks per point.

For each evaluated direction, the amplitude of each lead break shall be recorded to determine the
maximum detection sensor distance, which corresponds to the intersection between the attenuation
curve and the acoustic emission detection threshold. The number of sensors shall then be determined
based on the maximum detection distance and the type of location.

In addition, a pencil lead break should be performed in-plane as well as out-of-plane to verify the correct

attenuation

measurement.

7.2.24 14

The quantit]
the structury
emission ey
distance bet
threshold.

The same Iq
similar typg

7.2.3 Pro

7.2.3.1 S¢g

Since the sy
placed in af
wave transt]
to the mateq

To avoid anj
bands and 3
plastic glue
sensors sha

When using

nal location

y and position of the sensors shall allow the detection of any Hsu-Nielsen simulatig
e by at least one sensor, with a measured amplitude greater than the valué'of'the aco
aluation threshold (maximum value of the fixed acquisition threshold)-"The maxi
ween sensors shall not exceed 1,5 times the detection distance of the sehsor at the dete

cation algorithm used for each type of cylinder shall be repptted to allow repetiti
s of cylinder tests.

cedure

nsor coupling

rface of a composite material is not regular-at the scale of a sensor, the sensors she
| area that is as flat as possible. The coupling agent used shall ensure adequate aco
hission and shall be compatible with theinspected material in order to prevent any da
ial (e.g. chemical reaction).

’ entrapment of air, the sensors(should be held in place with adhesive tape or with ry
ecuring rings bonded to the examined structure, or by using any other means (e.g
guns). Sensor coupling shallremain stable throughout the test and the attachment g
1 not generate any acoustieinterference.

hot plastic glue guns,-precautions should be taken to avoid heat damage of the senso

n on
ustic
mum
ction

bn of

11 be
ustic
nage

bber
. hot
f the

- and

the cylinder

7.2.3.2 Channel sensitivity check

Before and
sensors, pre

after the‘examination, the performance of the complete AT equipment (coupling ajgent,
amplifier and processors) shall be verified for the cylinder to be tested, as indicated below.
The responpe-of each sensor with the adjoining measurement chain and source location accuracy
shall be verifi i i iftctat i . The
preferred technique for conducting this verification check is the Hsu-Nielsen source (see ISO 12716 or
ASTM E2374).

The diameter of the pencil lead, the distance to the sensors and the expected peak amplitude response
are interrelated; they shall be specified in the written test instructions. The verification shall be
performed at a distance where the obtained peak amplitude is within the dynamic range of the
measurement chain. The maximum variation allowed shall be + 3 dB between all channels, i.e. 6 dB
for the complete AT equipment. Any deviation outside the allowed range shall be corrected (e.g. by
improving the coupling, changing a sensor).

The use of an electronic pulser to check that there is no subsequent change in sensitivity, by comparison
with that obtained prior to the examination, is an acceptable alternative to the Hsu-Nielsen source
check (see 7.2.2.3). If the pulser is used, an approved procedure shall be provided that clarifies its use

© IS0 2022 - All rights reserved
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and calibration. For the testing of similar cylinders, the electronic pulser may also be used for the first
sensitivity check based on prior performed examinations.

7.2.3.3 Detectability and location tests

A detectability test shall be carried out in every area of the equipment, and more particularly in
the supporting areas (i.e. where the cylinder is supported during testing) using the Hsu-Nielsen
method (breaking of graphite pencil leads), to ensure that the entire structure is covered. This test
shall be recorded. If a zonal and/or planar location is considered, it shall also be tested to meet these
requirements. This check shall be recorded. When necessary, more sensors shall be added.

The 4
with

NOTH

7.2.3

The ¥
befoi
redu

All e
ensu
gene
by th
be ve
perfq

In th|
Nnoise

red that the conditions of connection to the equipment are suitable so that the backg
rated when filling or pressurizing the equipment remains within acceptable limits. Th
e background noise shall be significantly lower than the AE created by a cylinder defé
rified by performing tests on undamaged cylindérs. Annex A gives an example of verif
rmed on cylinders to detect damage resultingfrom mechanical impacts or other type

e event of testing on series production equipment and in a known environment, the
monitoring time may be reduced to ayminimum value of 5 min, provided that subs

given in the procedure.

Furt

EXAN

Exce
folloy

hermore, the total duration of these detected bursts shall be less than 1 % of the test d

PLE For a 15-min test, thetotal duration of the detected burstis 9 s.

5s background noise-can distort AE data or render them useless. Users shall be a
ving common sources-of background noise (when the AT is performed):

igh gas fill rate(measurable flow noise);
echanicalieontact with the vessel by objects;

aks atipipe or hose connections.

Othefr sources of external background noise include:

ccuracy of the source location and the distance between the sensors shall be adjustedin accordance
the cylinder dimensions (e.g. diameter). The attenuation of the signal shall be consideted.

The purpose of this operation is to validate the sensor installation layout.
.4 Check of the background noise value
ralue of the background noise shall be checked and recorded over aminimum period of| 15 min, just
e applying the load to the equipment, to ensure that it is less than'the acquisition threshold, i.e.
red by at least 6 dB.
kternal or internal interference sources shall be reduced\or eliminated. In particulaf, it shall be

round noise
b AE created
bct. This can
ication tests
5 of damage.

background

rantiation is

uration.

ware of the

— airborne sand particles, insects, rain drops or snow, etc.;

— electromagnetic interference and radio frequency interference from nearby broadcasting facilities.

Interference sources that cannot be eliminated (fluid flow, internal sources, etc.) shall be characterized
and considered in the data analysis and interpretation. A referenced data filtering and processing
methodology shall be included in the written procedure.

AT shall not be used if background noise cannot be eliminated or sufficiently controlled.
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7.2.4 Pressurization test methods

7.2.4.1 General

WARNING — When performing AT (especially pneumatically), safety precautions shall be
taken to protect personnel carrying out the examination because of the considerable damage
potential from the stored energy that can be released. Additionally, since AE equipment is not
always explosion-proof, precautions shall be taken when the pneumatic pressurization gas is
flammable.

There are two pressurization methods that may be used during AT. Both Method A and Method B, which

are describd
composite ¢
information
pressure raf
of packaged
Additional i

The cylinde
pressurized|

Monitor and
rupture, the

NOTE R¢

din72.4.2 and 7.2.4.3, respectively, are suitable for the periodic inspection and testing of

ylinders. Each method has its own benefits. For example, Method A can provide addit
about structural integrity for cylinders that have a very high burst-to-cylinder
io; while by using Method B, since water is not used as a pressurizing mediufh, some t
cylinders (e.g. multiple element gas containers (MEGCs)) do not need tg.be dismar
hspection may need to be performed on the liner.

r that is used for AT shall be instrumented in accordance with Z2.2 and 7.2.3 and
by either Method A or Method B.

record the AE during the entire test. If detected indications&uggest that the cylinder
pressure shall be released immediately.

peated pressurizations above the AT test pressure affect the'AT result.

During AT, if a cylinder fails a test method, it is not permissiblé to use a different periodic inspe

and testing

7242 M

AT test preq

method such as a hydraulic proof pressure test.to'retest the cylinder.

pthod A (hydraulic)

sure is equal to the cylinder test pressure. Each cylinder shall be subjected to a hydr

pressurizatjon from 0 bar to the cylinder test pressure, at which point a pressure-hold period of 1(

will comme

If the Felicit

1Ce.

y ratio is used, the cylinder shall be pressurized to the same pressure as above an

pressure is

ecreased (e.g. down to 70,% of this pressure) and then re-pressurized to the same pre;

level as menftioned above.

NOTE

The fill rate
rate is too h

After depre
in 7.2.3.2) aj

This allows the Feli¢ity ratio to be calculated.

shall be less‘than the rate at which flow noise first appears. If at any time during fill, t}
gh so that.it causes flow noise, decrease the fill rate until the flow noise disappears.

bsurization, conduct a post-test channel sensitivity check (pencil lead breaks as desc
nd-record and save the data.

jonal
test

ypes
itled.

then

rould

ction
aulic

min
1 the
sure
e fill

ribed

If the post-test verification does not meet the requirements of 7.2.3.2, the test is invalid.

7.2.4.3 Method B (pneumatic)

If the previous maximum developed pressure experienced by the cylinder is not known, the AT test
pressure is equal to either 76 % of the cylinder test pressure or 5 % above the cylinder’s maximum
allowable developed pressure at 65 °C, whichever is greater. Each cylinder shall be subjected to a
pneumatic pressurization with a gas compatible with the cylinder material from 0 bar to the AT test
pressure, at which point a pressure-hold period of 10 min will commence.
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If the Felicity ratio is used, the cylinder shall be pressurized to the same pressure as above and the
pressure is decreased (e.g. down to 70 % of this pressure) and then re-pressurized to the same pressure
level as mentioned above.

NOTE This allows the Felicity ratio to be calculated.

The fill rate shall be less than the rate at which flow noise first appears. If at any time during fill, the fill
rate is too high so that it causes flow noise, decrease the fill rate until the flow noise disappears.

After depressurization, conduct a post-test channel sensitivity check (pencil lead breaks as described
in 7.2.3.2) and record and save the data.

If thg post-test verification does not meet the requirements of 7.2.3.2, the test is invalid.

7.2.5 Analysis of AE criteria
For the analysis of AE criteria, the following may be used:

— Trelicity ratio;

— number of counts, Na;

— 1ninimum duration of the bursts attributed to delamination, Dm;
— location clusters;

— ¢nergy;

— Ihackground evolution;

— AE activity during the hold period.

An example using AE criteria is given in Anhex B.

8 Verification of rejection criteria using actual cylinders

AT t¢sts shall be verified usingcylinders of the same type/geometry/pressure (as the one fo be tested)
with|different defects (e.g. dieyto mechanical impacts).

For this purpose, cylindérsof the same type shall be damaged in a controlled way and beforq performing
the AT tests. It shall beyerified (e.g. by burst or pressure cycling tests) if the results are consistent with
the results of the destructive tests. Tests shall also be performed on undamaged cylinders (or cylinders
with|acceptable.damage) to verify that they pass the acceptance criteria.

An ekxample-of'the verification of the rejection criteria is given in Annex A.

9 Testreport

The test report shall contain the following information:
a) name(s) of owner(s) of cylinders;

b) serial number(s) and manufacturer(s);

c) examination date and location;

d) previous examination date and previous test pressure; if the operator is aware of situations where
the cylinder was subjected to pressure that exceeded its normal filling pressure, these situations
shall be described in the report;

©1S0 2022 - All rights reserved 9


https://standardsiso.com/api/?name=0c81386f435efe3e7c07a15937657109

IS0 23876:2022(E)

e) specified filling pressure, if any (to be supplied by the cylinder owner) and marked “working
pressure”;

f) pressurization medium used for the test;

g) pressurization rate(s);

h) pressure at which data acquisition started;

i) AT pressure;

j) location

of AT sensors;

k) location

end of the cylinder that bears the serial number (usually this is stamped on the cylinder);

1) anyvar

m) stacking chart that shows relative locations of cylinders and associated hannel numb

appropf

n) sketch with dimensions showing sensor and simulated source locations;

0) AT results including:

1) eve

2) cu:]:ulative events versus pressure (or time) plot for each channel of each cylinder;

3) cu

hisf

4) dist
p) examin
q) typeof

r) results

s) final rej

t) name, qualification and Signature of examination operator.

In addition,
inspection,
(e.g. ISO 114

s (areas) of AE sources that exceed rejection criteria, including estimated distance fr01ln the

ation to the threshold detection (dB,), preamplifier gain (dB) or rearmingtinie (us);

D

iate;

hts versus location plot for each cylinder;

ulative energy versus pressure plot for each channel of each cylinder or energy distrib
ograms for each channel;

ance-corrected amplitudes versus locatign plot of each cylinder;

htion procedure and revision numbégn;

AT equipment (instrument, sensors, etc.);

bf system verifications inluding documentation on achieved location accuracy;

ult of the periodic inSpection (pass or fail);

it is recommiended to report any other relevant examination performed during the per
ncluding-visual examination of the liner and external visual examination of the cyl
23).

er, if

1ition

iodic
nder

10 Reject

ion and rpndpring r‘ylindprc unserviceable

The decision to reject a cylinder may be taken at any stage during the periodic inspection and testing
procedure. If it is not possible to recover a rejected cylinder, the testing facility shall, at the discretion of
the owner, condemn the cylinder by rendering it unserviceable for holding gas under pressure so that it
cannot be reissued into service.

One of the following methods shall be used to render the cylinder unserviceable:

— crushin
— cutting

— cutting

10

g the cylinder using mechanical means;
the neck off the cylinder;

of the cylinder in two or more irregular pieces.
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Annex A
(informative)

Example of verification tests performed on cylinders to detect

damage resulting from mechanical impacts or other typ
damage

es of

WARNING — When performing AT (especially pneumatically), safety precautions shall be
taken to protect personnel carrying out the examination because of the considerable damage
potential from the stored energy that can be released. Additionally, since AE €quipment is not
alwdys explosion-proof, precautions shall be taken when the pneumatie)pressurization gas is

fla

A1l

The

ageir
pring
notcl

The ¥

mable.

General

verification tests listed in this annex are not adapted to_detect some types of defg
1g, fire damage, etc. For such defects, other verification test/procedures should be dey
iples in this annex may be applied for testing cylinders with external physical def
hes and scratches.

Ferification programme may include:

[(

echanical impact testing on cylinders (or testing on cylinders with other types of dam
f energy in relevance with the one estimated using Formula (A.1) and in accordance W
pplication (see A.2);

emonstration by burst tests and cy¢ling tests that cylinders have still no reduction in
ompared to the batch results froml new and undamaged cylinders;

bcts such as
reloped. The
bcts such as

hge) at levels
rith cylinder

erformance

— $emonstration that AT criteria allow differentiating a cylinder that has a loss ofperforr:kance (burst

q

NOTH
in sel
verifi

A.2

ressure reduction or residual number of cycles not compatible with cylinder applic
ylinder with no loss ef pérformance.

Additional testing with higher impact energy can be beneficial for the evaluation of impad

vice and will heélp-refining the acoustic emission evaluation threshold, thus providing data f]
cation.

Impact test set-up

ion) from a

ted cylinders
Dr inspection

The {

ollowing provides a recommended set-up for the impact test:

— Boundary conditions:

— testing on empty cylinders is more conservative than on pressurized cylinders;

— testing on the cylindrical part provides the best reproducible test results.

— 1

mpactor shape:

— testingto be performed with hemispherical impactor shape to obtain most challenging footprint

— 1

and reproducible results.

mpactor parameters:

— diameter 56 mm - steel;

©ISO
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