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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
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rotechnical standardization.

proteatfres—Hsea—to—aeverop—ta e meht3a ~—irrefrdea—tor— trther—+aathatenance are
ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patel

any |
on th

Any
cons

For {
expr
Worl
URL:

This
forg

This
revis

it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by ISO/TC 58, Gasxcylinders, Subcommittee SC 4, Operational Hequirements
1s cylinders.

first edition cancels and replaces 1S0;6406:2005 and ISO 10461:2005, which have been technically
ed. It also incorporates the Amenidment ISO 10461:2005/Amd 1:2006.

The

ain changes are:
section has been added for symbols used in the document;

detailed account gfsteps to be taken if the actual cylinder wall thickness is less than the minimum
esign wall thickness has been added;

clearer way<to ultrasonically test cylinders with a built-in footring, especially for sehmless steel
ylinders'with a convex base, has been added;

proyed guidelines have been added for dealing with the effects of heating of seamless|aluminium-
lloy eylinders.
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Introduction

This document provides information and procedures for the periodic inspection and testing of seamless
steel and seamless aluminium-alloy cylinders and the condition of the test equipment. The principal
aim of periodic inspection and testing is that at the completion of the test the cylinders have been
requalified and are suitable to be reintroduced into service for a further period of time.

This document requires that well-trained and competent personnel undertake the work as described
in this document, who consult the cylinder’s manufacturer if there are doubts about aspects of the
document, so that the cylinder manufacturer's current recommendations are taken into account.

This documgnt has been written so that it is suitable to be referenced in the UN Model Regulatiofs[23].

vi © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a7b590b28ae66717a8a61aed37d5eb8a

INTERNATIONAL STANDARD

ISO 18119:2018(E)

Gas cylinders — Seamless steel and seamless
aluminium-alloy gas cylinders and tubes — 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.

N

1
This

pcope

document specifies the requirements for periodic inspection and testing to erify the

cylinders and tubes to be re-introduced into service for a further period of time.

This
(sing
wate
gas f
pres
0,51

This
the p

NOTH
andt

2

The
cons
undg

ISO 4

ISO
and 1

ISO 9

ISO 4
Part

document is applicable to seamless steel and seamless aluminium-allpy transportable g
le or those that comprise a bundle) intended for compressed and liguefied gases under
r capacity from 0,51 up to 150 | and to seamless steel and seamless.dluminium-alloy ty
ubes (single or those that comprise a bundle) intended for compressed and liquefied
sure, of water capacity greater than 150 L. It also applies, asfaf as practical, to cylinder§
water capacity.

document does not apply to the periodic inspectioniand maintenance of acetylene cy
eriodic inspection and testing of composite cylindezs.

Unless noted by exception, the use of the ward “cylinder” in this document refers to b
ibes.

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of thistdocument. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

506-1, Metallic materials— Brinell hardness test — Part 1: Test method

Y866, Gas cylinders— Refillable seamless aluminium alloy gas cylinders — Design, {
esting

712, Non-destructive testing — Qualification and certification of NDT personnel

809-1,.Gas cylinders — Refillable seamless steel gas cylinders — Design, construction aj
1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

integrity of

as cylinders
pressure, of
ansportable
gases under

of less than

inders or to

pth cylinders

heir content
applies. For
hts) applies.

ronstruction

hd testing —

ISO

0286, Gas cylinders — Terminology

ISO 11621, Gas cylinders — Procedures for change of gas service

I1SO 13769Y, Gas cylinders — Stamp marking

ISO 22434, Transportable gas cylinders — Inspection and maintenance of cylinder valves

ISO 25760, Gas cylinders — Operational procedures for the safe removal of valves from gas cylinders

1) To be published. Stage at the time of publication: ISO/FDIS 13769:2018.
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3 Terms

:2018(E)

and definitions

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

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

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

31

liquefied gas

gas, which, ¥
Note 1 to ent
a) high press
b) low pressy

3.2
rejected cy
cylinder nofj

3.3

competent
any nationa
transport of

Note 1 to ent

3.4
minimum d
thickness of
properties g

wvhen packaged under pressure, is partially liquid at temperatures above =50 °C
Fy: A distinction is made between
ire liquefied gas: a gas with a critical temperature between -50 °C and 65 °C, and

re liquefied gas: a gas with a critical temperature above 65 °C.

linder
fit for service

authority
body or authority designated or otherwise recognized as such, having jurisdiction fo
dangerous goods and the approval of gas cylinders

Fy: Adapted from UN Model Regulations(23],

esign wall thickness
the cylinder wall calculated fromthe design standard, taking into account the mat
nd dimensions at time of manufdacture

ting in a stove or an oven.in order to apply a desired surface coating

viated termsand symbols

bottom hole

manent expansion

pwall-to-base transition region

3.5

stove

treat by hea
4 Abbre
FBH flaf
PE pet
SBT sid
UT

C

D

K

L len
P

|4 cyl
2

ultrasonic testing
compressibility (expressed in m?/N or Pa-1)
depth of notch in ultrasonic test sample (expressed in mm)

factor for individual temperature (listed in Table C.1)

gth of notch in ultrasonic test sample (expressed in mm)

pressure (expressed in bar)

inder water capacity (expressed in 1)

r the

erial
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width of notch in ultrasonic test sample (expressed in mm)
flaw length (expressed in mm)
flaw depth ratio

minimum measured wall thickness of the calibration specimen (expressed in mm)

minimum design wall thickness (expressed in mm)

A cylinder shall be due for periodic inspection and testing on its first receipt by a filler f

expi

y of the established interval or, in the absence of regulations, in accordance.'with t}

Regujlations[23]. Annex A lists the intervals for period inspection and testing as-outlined

revi
cyli

Prov|

invo
nor

perid

cor:[
Sea

self-

ed edition of the UN Model Regulations. The expiry date is based on the last\test date s
der. Other means of indicating the expiry date may be used.

ided the cylinder has not been subjected to abusive and abnotmial conditions su|
ved in an accident, heat exposure or other severe conditions that would render it ung
quirement for the user to return a cylinder before the contents have been used ever
dic inspection and testing interval has lapsed. However, €ylinders, particularly thos
sive gases, should be retested within a period not exceeding twice the time interval.

]
g

less steel or seamless aluminium-alloy cylinders used for self-contained breathing 3

¢ontained underwater breathing apparatus that ate not covered by transport regulat]

subnpitted for inspection within the interval shown,in-Table A.1.

bllowing the
le UN Model

in the 19th
hown on the

ch as being
afe, there is
though the
b containing

pparatus or
ions may be

6 List of procedures for periodic inspections and tests

Assepsment of conformity to this document shall be carried out in accordance with the applicable
regulations of the countries of use.

Testg and examinations performed to demonstrate compliance shall be conducted using [nstruments
calibrated before being put into service and thereafter according to an established programme.

Each| cylinder shall be submitted to periodic inspections and tests. The following proceglures, when
applicable, form the reguirements for such inspections and tests and are explained more fully in
subsgquent clauses:

a) identificationof cylinder and preparation for inspection and tests (see Clause 7);

b) depressurization and de-valving procedures (see Clause 8);

c) external visual inspection (see Clause 9);

d) inspection of cylinder neck (see Clause 10);

e) check ofinternal condition (see Clause 11);

f) supplementary tests (see Clause 12);

g) cylinder repairs (see Clause 13);

h) pressure test or UT (see Clause 14);

i) inspection of valve and other accessories (see Clause 15);

j) replacement of cylinder parts (see Clause 16);

k) final operations (see Clause 17);

© ISO 2018 - All rights reserved
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D

These procedures should be performed in the sequence listed in order to improve the safety of the
operation and to detect potential harmful damage. In particular, the external visual inspection (see
Clause 9) shall be carried out before the internal visual inspection (when required) (see Clause 11), the
pressure test, or UT (see Clause 14).

rejection and rendering cylinder unserviceable (see Clause 18).

When a cylinder passes the above listed procedures but the condition of the cylinder remains in doubt,
additional, supplementary tests shall be performed to confirm its suitability for continued service (see

Clause 12) or the cylinder shall be rendered unserviceable in accordance with Clause 18.

Depending

nthe reason for rejection _some rylindprc mav be recavered in accordance with Annes

Mechanical
heat expos
with the m

Cylinders tH
accordance

The eyesigh

7 Identi

The labellin
before carr
owner or th
Cylinders wj
handling.

Cylinders in

For seamles

properties of seamless steel and seamless aluminium-alloy cylinders can be affecte

:III;e. Therefore, the maximum temperature for any operation shall be limited in“accord

ufacturer's recommendation (for seamless aluminium-alloy cylinders, see 121:2.3).

at fail an inspection or test and cannot be recovered shall be rendered-unserviceal
with Clause 18.

L acuity of operators is critical and should be checked by an optician‘on a yearly basis.

fication of cylinder and preparation for inspection and tests

o and permanent markings on the cylinder shall be checked and the information recq
ying out any further work. When a toxic, flammable or pyrophoric gas is involved
e individual presenting the cylinder for retest shall' inform the testing facility accord
ith incorrect or illegible markings or unknown gas contents shall be set aside for sp

tended for a change of gas service shalkbe evaluated in accordance with ISO 11621.

5 steel cylinders, the following applies in addition:

If the contents are identified as hydrogen or other embrittling gas, only those cylinders manufact

or qualified
for hydroge
Seamless st
that have n

Their suitah

8 Depre

8.1 Gene

as hydrogen cylinders shallibe used for that service. Check that the cylinder is comps
h service, i.e. with respectto the maximum tensile strength and internal surface cond

pt been checked orZare not stamped “H” shall not be reintroduced into hydrogen sej
ility for their new,intended service shall be evaluated in accordance with ISO 11621.

ssurization and de-valving procedures

ral

d by
ance

le in

rded
, the
ngly.
ecial

ured
tible
tion.

el cylinders marked jnaccordance with ISO 13769 are stamped “H”. Seamless steel cylinders

vice.

Cylinders that require an internal visual inspection shall be depressurized and emptied in a safe,
controlled manner and de-valved prior to inspection in accordance with ISO 25760.

Particular attention shall be given to cylinders containing flammable, oxidizing, corrosive or toxic gases
to eliminate risks at the internal inspection stage. See Annex C for a list of gases that are corrosive to
cylinder material.

Cylinders (other than those with a footring) to be ultrasonically inspected may be examined without
being depressurized or having the valve removed.

WARNING — The uncontrolled opening and/or removal of valves from cylinders can lead to
injury, death and/or property damage.

© ISO 2018 - All rights reserved
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When ultrasonically testing cylinders that are under pressure, care shall be taken to ensure the safety
of personnel and property (e.g. by placing a valve protection device over the valve or by depressurizing

the cylinder to 5 bar or less).

8.2

Cylinders requiring de-valving

All cylinders received for testing for which an internal visual inspection is required shall be safely de-
valved in accordance with ISO 25760.

Cylinders with a footring shall be de-valved for internal inspection and may be subsequently
evaluated by UT.

8.3

Cylin
unle

8.4

Cylin

9 1

9.1

Ifac

cylinder shall be prepared before the inspectionClf any welded or brazed attachment (e.g.

seen

The

forei
blast]
prev
Annd
othe

The method used to cleamthe cylinder shall be a validated, controlled process. Care shall bg

time

If fus
insp¢
heat,
the ¢

Cylinders not requiring de-valving

ders without a footring that are to be evaluated by UT do not require the valves to
ks otherwise specified in this document.

Cylinders requiring shot blasting

ders that require shot blasting shall be depressurized before processing.

xternal visual inspection

Preparation

ylinder's external condition prevents or hinders a proper visual inspection of the surfj

the cylinder shall be rendered unserviceable in accordance with Clause 18.

Cylinder shall be cleaned and have all-loose coatings, labels, corrosion products, tar,
bn matter removed from its external surface. The cylinder shall not at this stage b
ed until after the external visualinspection has been completed in order to not rem
ous damage. Seamless aluminium-alloy cylinders should be prepared for visual exan]
x F). They shall not be shot'blasted using steel media; however, blasting may be con
F appropriate media (e.g. walnut shells, dry ice pellets, etc.).

5 to avoid damaging the cylinder taking into account the information provided in Annd

ed nylon, polyéthylene or a similar coating has been applied and it is damaged or prey
pction, then'this coating shall be removed. If the coating has been removed by the aj
then _care’shall be taken that the applied temperature has not altered the mechanical
ylinder material. The temperatures at which damage occurs are as follows:

be removed

ice, then the
neckring) is

oil or other
brushed or
ove signs of
ination (see
ducted with

b taken at all
x B.

rents proper
bplication of
roperties of

a)

N 1 4 1 ) A | H 1 HNilao s & £11 i A | L.
U1 5TAIIITCS S STCTT U YITITUTT 5. TIT IO U AST S IIAIT TTICT TTHTPTT ATUT T UT TICT U yITITUTT TIdVETALT

eded 300 °C.

b) For seamless aluminium-alloy cylinders: in no case shall the temperature of the cylinder have
exceeded the limits specified in 17.1.2.3.

For both seamless steel and seamless aluminium-alloy cylinders, contact the manufacturer if there is
doubt about heat exposure. If the manufacturer cannot be consulted, the cylinder shall be rendered

unse

© ISO
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Inspection procedure

The external surface of each cylinder shall be inspected for the following in accordance with Table B.1,

Table B.3 as applicable:

uts, gouges, bulges, cracks, laminations or excessive base wear;

heat damage, torch damage or electric arc burns;

other defects such as illegible, incorrect or unauthorized stamp markings, or unauthorized

1s or modifications;

Table B.2 or
a) dents,c
b)
c) corrosion;
d)

additio]
e) integrit

f) vertical

Corrosion ig
and the gap
be given to {

At this stagg
criteria). At
base area a
removed (e.
of the corro
cylinder shg

Rejection cr
shall be ren

10 Insped

10.1 Cylin

After the v3
thread (e.g.

clean af

free of

Cylinders in|

plug gauge
appropriate

y of all permanent attachments;
stability.

likely to occur in the footring area, especially the transition area cylindrieal part/foot
area convex base/footring. When inspecting cylinders with footrings,jextra attention
hese areas.

, the cylinder shall be visually inspected for signs of corrosion-(see Table B.2 for reje
ention shall be given to areas where water can be trapped:These areas include the ¢
hd the neckring. If corrosion is detected, then the corrosion products and paint shg
b. shot blasted), particularly where the corrosion appears on the cylinder shell. If the e
sion cannot be determined, including doubt about the remaining wall thickness, the
1l be rejected.

iteria shall be in accordance with Annex B. Cylinders no longer suitable for future se

lered unserviceable in accordance with Clause 18.

tion of cylinder neck

der-to-valve threads

ilve is removed, the cylinder-to-valve threads shall be examined to identify the ty
see [SO 11363-2) andte ensure that they are:

d of full form, and
amage (e.g. burrs, cracks, cross-threading, corrosion, etc.).

toxic or.cerrosive gas service shall have their threads gauged for wear and ovality us

gauges in cases of doubt.

ring,
shall

ction
ntire
11 be
Ktent
h the

rvice

be of

ing a

see Figures 1, 2 and 3). The threads of cylinders in other gas services may be verified ysing

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a7b590b28ae66717a8a61aed37d5eb8a

ISO 18119:2018(E)

Key
1 :Eaximum
2 inimum

7777/ NN 7777/

Figure 1 — Example of a calibrated upper thread plug gauge (thread failed)

Figure2 — Example of a “Go/no-go” plug gauge (thread passed)

© ISO 2018 - All rights reserved
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A
|
' 3
S!

Key

1  oval thread in cylinder neck
2 plain tapler plug gauge

a  Large m¢vement.

b Small m¢vement.

Figure 3 — Ovality:check

Neck cracks manifest themselves as lines that, run down the thread across the thread faces| (see
Figure 4). Special attention should be paid to legkfor the presence of cracks in the area at the bott¢m of
the last thregad. They should not be confused with tap marks (tap stop marks). See Figure 5.

1

U

Key
1 neckcrack

2 propagated crack in the neck

Figure 4 — Neck cracks

8 © ISO 2018 - All rights reserved
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[EN

I

Key

10.2

Othe
ensu

Whe

10.3

Whe
thre:
ISO 1

10.4

Whe
to in
by th
neck
off fd

ap marks

Figure 5 — Tap marks

Other neck surfaces

r surfaces of the neck (e.g. face, O-ring seat, extertidl neck surface, etc.) shall also be
re they are free from cracks and imperfections,ifraccordance with Annex B.

h a tube is removed from its mounting, extérnal neck threads shall be gauged.

Damaged internal neck threads

h necessary, threads may be rextapped to clean and rectify the appropriate number
ds. After re-tapping, the_threads shall be checked using the applicable thread
1363-2). Neck wall thickness shall remain unchanged after re-tapping.

Neckring and collar attachment

h a neckring/cellar is attached, an examination shall be carried out to ensure that it i
pect for extérnal thread damage. A neckring shall only be changed using a procedu
e cylinder mranufacturer or, if they are unavailable, approved by the competent author
ring shallbe checked to ensure that it is secure by following the minimum requiremsq

rce andaxial rotation torque in accordance with ISO 9809-1 or ISO 7866, as applicablg.

Thre

bxamined to

of effective
gauge (e.g.

5 secure and
re approved
ity. The new
nts for pull-

ads’shall be gauged and inspected after this change. If damage to the cylinder material I

as occurred

by replacement of the neckring/collar, the cylinder shall be rendered unserviceable in accordance with
Clause 18.

11 Check of internal condition

11.1 General

If the cylinder is not to be evaluated by UT in accordance with 14.4, then it shall be subjected to an
internal visual inspection. An internal inspection shall be performed for cylinders requiring UT and
when the valve is removed.

Prior to carrying out an internal visual inspection, the cylinder shall be depressurized and, if necessary,
purged in accordance with ISO 25760.

© ISO
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For seamless aluminium-alloy cylinders susceptible to sustained-load cracking (e.g. those manufactured
from AA 6351 or AA 6082 alloy), the internal side of the shoulder shall be examined visually and the
neck area shall be examined using a non-destructive examination method such as eddy current testing.

11.2 Internal visual inspection

11.2.1 Preparation

11.2.1.1 General

Whenever t
be applied.

The method|

1€ Interndl surrace or a cylinder 1S not adequately VIsiDIe, a sultable Cleaning metnod

used to clean the cylinder shall be a validated, controlled process. Care shall be taken

times to avaid damaging the cylinder taking into account the information provided in Ahnex B.

11.2.1.2 Sy

If necessaryj
jet, hot wate

If the cylind
operation.

11.2.1.3 Sy

If necessary
water jet, ch
alloy cylind
alumina or
Alkaline sol

itable cleaning methods for seamless steel cylinders

suitable cleaning methods such as shot-blasting, water jet abrasive-eleaning, flailing, s
rjet, rumbling, chemical cleaning or others may be used on seaniless steel cylinders.

er has been cleaned by one of the above methods, it shall be inspected after the cles

itable cleaning methods for seamless aluminium-alloy cylinders

, suitable cleaning methods such as water jet abrasive cleaning, flailing, steam jet
emical cleaning, blasting with glass beads-0r others may be used on seamless alumir
brs (see Annex F or consult the cylinder-manufacturer). Cleaning with material other
glass beads, etc. shall be avoided. Hard media can embed itself in the aluminium

itions and paint strippers that are iarmful to aluminium and its alloys shall not be us{

shall

at all

feam

ning

, hot
ium-
than
hlloy.
pd.

If the cylinder has been cleaned by one of the"above methods, it shall be dried immediately after being

cleaned and

Ensure that

inspected.

any aqueous liquid doe§ not stay in the cylinder for more than two hours.

11.2.2 Inspection requirements

Internal vis
suitable eng
listed in 9.2
or another §

hal inspectiafis’shall be conducted in good lighting on a cylinder that is both clean ang
ugh for proper inspection of all surfaces to identify any imperfections similar to f{

uitable’device. When magnification is used, the final assessment of the imperfection

| dry,
hose

a) and 9.2.¢). These inspections may be augmented by the use of a boroscope, dental mfirror

shall

be carried 0|ut as.if no magnification had been used.

When needed, the severity of a detected imperfection may be further evaluated by using other devices
or methods.

Precautions shall be taken to ensure that the method of illumination presents no risks to the tester
while performing the operation (e.g. use of a filament lamp in a potentially explosive environment shall
be avoided).

Any cylinder showing presence of foreign matter or signs of more than light surface corrosion shall be
cleaned internally (see 11.2.1).
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Alternative methods may be substituted for the internal visual inspection for cylinders that contain
non-corrosive gases that have a water capacity less than 0,5 | and an internal neck diameter less than
9 mm. These alternative methods include:

— looking for free moisture at the time of depressurizing after the cylinder has been in an inverted
position for at least one minute and prior to valve removal;

— looking for contamination (e.g. rust in the test medium following the hydraulic volumetric
expansion test).

If any moisture is present upon inversion of the cylinder or if rust contamination is observed in the
hydr ulic volumetric expansion test medium the (‘ylindpr shall be either re-examined after cleaning in

accordance with 11.2.1.1 or rendered unserviceable in accordance with Clause 18.

11.2|3 Cylinders with footrings

Specjal attention shall be given to inspect cylinders with footrings for defects'in critical afreas, i.e. the
trangition (footring) zone and the cylinder base.

11.2{4 Cylinders with internal coatings

Cylirlders used in certain applications (e.g. corrosive gases) car/have an internal coating such as an
electrochemical deposit, cladding, paint or a film to inhibit corfosion.

Sinc¢ the hydraulic volumetric expansion test medium can affect the coating, the manufactirer shall be
conticted in case of doubt to determine the correct type of testing to be used.

Care|shall be taken when a coating might contain flammable components, e.g. hydrocarbons in paint or
a corrosion inhibitor.

A damaged coating shall be removed to allow for a complete visual inspection. When the damaged
coating (e.g. cladding) cannot be removedj thie manufacturer shall be consulted for guidan¢e on how to
preppre the cylinder for periodic inspection and testing.

If th¢ manufacturer cannot be consulted, the cylinder shall be rendered unserviceable in| accordance
with|Clause 18.

12 $upplementary tests

12.1 General

Evalfiation of"the type and/or severity of an imperfection found on visual inspection fnay require
additional tests or methods of examination, e.g. ultrasonic techniques, check weighing or other non-
destyuctive tests.

withAfnex B.
12.2 Additional test for seamless aluminium-alloy cylinders possibly subjected to
heat damage

If it is suspected that the cylinder has been exposed to high temperature, a hardness test in accordance
with ISO 6506-1 or a conductivity test as performed during manufacture shall be carried out. Test
results shall meet the required design values at the time of manufacture.

All hardness tests shall be performed in the suspected heat-damaged area of the cylinder taking
adequate care to ensure deep impressions are not formed.

© ISO 2018 - All rights reserved 11


https://standardsiso.com/api/?name=a7b590b28ae66717a8a61aed37d5eb8a

ISO 18119:2018(E)

12.3 Hammer test on cylinders with footrings

Cylinders with footrings shall be suspended freely for the hammer test. The minimum hammer weight
shall be 0,25 kg.

The footring shall have a tight fit to the cylinder. The hammer test gives an indication regarding the
fitting of the footring to the cylinder and the condition of the area where the footring is shrunk-on.
After hitting the footring with a hammer, the resulting sound shall be clear/bell-like.

If the sound is dull or flat, it is an indication that the footring is not tight to the cylinder and/or corrosion
could have built up between the footring and the cylinder. In the latter case, the footring shall be

replaced or the-eyindershallberenderedunserviceablein-accordance-with-Clause18-

13 Cylinder repairs

Operations that can result in loss of cylinder wall thickness (e.g. external and/or internal'shot blagting,
repair of nogches) shall be completed before the inspection and testing procedurejinjaccordance|with
Annex B.

Grinding opprations shall be checked using UT.

14 Pressure test or UT

14.1 Genefal

Each cylinder shall be submitted to either a pressure test, (14.2 or 14.3) or UT (14.4). Either the proof
pressure test or the hydraulic volumetric expansion test may be replaced by a pneumatic proof
pressure tegt.

WARNING 1 Appropriate measures shall be taken to ensure safe operation and to contain any
energy that might be released. It should be moted that pneumatic proof pressure tests require
more precautions than hydraulic volumetric expansion tests, regardless of the size of the
cylinder orftube. Any error in carrying out this test is highly likely to lead to a rupture under gas
pressure. Therefore, these tests shall'be carried out only after ensuring that the safety measures
adopted satisfy the safety requirements.

Special care|shall be taken usingair as the medium for the pneumatic pressure test due to the oxidiizing
potential of high pressure air; At300 bar, the partial pressure of oxygen is approximately 60 bar.

When air i used for thé-pneumatic pressure test, the cylinder shall not have internal flammable
materials (8.g. coatings™containing hydrocarbons). Special care shall be taken during the perjiodic
inspection gnd testing/of cylinders that have been used in flammable gas service.

Each cylinder subjected to a pressure test shall also undergo an internal visual inspection. A suitable
fluid, normally/water, shall be used as the test medium for the hydraulic volumetric exnansionrtest.
This test may be either a proof pressure test or a volumetric expansion test as appropriate to the design
specification of the cylinder. The test pressure shall be in accordance with the stamp markings on the
cylinder. When applicable and when the test pressure is not marked on the cylinder, the test pressure
shall be derived from the appropriate design standard.

If a cylinder fails either the proof pressure test or the volumetric expansion test, these results shall be
final. None of the other test methods shall be applied and the cylinder shall be rendered unserviceable
in accordance with Clause 18.
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14.2 Proof pressure test

14.2.1 General

The following method shall be used for carrying out the proof pressure test. Any cylinder failing to
comply with the acceptance criteria of this test shall be rendered unserviceable in accordance with
Clause 18.

The test pressure shall be held for cylinders for at least 30 s and for tubes for at least 2 min with the
cylinder or tube isolated from the pressure source, during which time there shall be no decrease in the
indicated pressure, evidence of leakage or visible deformation.

For l?Jeamless aluminium-alloy cylinders, it shall be ensured that any aqueous liquid does higt stay in the
cylin/der for more than two hours.

14.2|2 Test equipment

14.2{2.1 All rigid pipework, flexible tubing, valves, fittings and componhents forming the pressure
system of the test equipment shall be designed to withstand a working pressure of at least 1,5 times the
maximum test pressure of any cylinder that is tested.

14.2]2.2 Pressure gauges (also known as pressure indicating~levices) shall be at least to dn Industrial
Clasy 1 (#1 % deviation from the end value) with a scale appropriate to the test pressure (elg. EN 837-1
or EN 837-3).

They] shall be checked for accuracy against a calibratéd master gauge at regular intervals at least once
a mopth.

Wheh an analogue pressure gauge is used, a maximum reading of between 1,5 and 2 tims the value
being measured shall prevail.

14.2}2.3 The design and installation ofthe equipment, the connection of the cylinders and the operating
procedures shall avoid trapping air in the system when a liquid medium is used.

14.2}2.4 All joints within thesystem shall be visibly leak tight.

14.2]2.5 A control device’shall be fitted to the test equipment to ensure that no cylinder is [subjected to
a pressure in excess-afiits test pressure by more than the tolerances given in 14.2.3.3. The pressure relief
devige’s tolerance shall not exceed the upper tolerance shown in 14.2.3.3 plus 10 %.

14.2|3 Testeriteria

14.2{3:bH More than one cylinder at a time may be tested provided that all cylinders have the same test
pressure. [T multiple test points are used, then in case of l[eakage when it is not possible to determine the
location of the leak, every cylinder being tested shall be individually retested.

14.2.3.2 Before applying pressure, the external surface of the cylinder shall be dry.

14.2.3.3 The pressure indicated on the pressure gauge shall not be less than the test pressure and shall
not exceed the test pressure by 3 % or 10 bar, whichever is lower.

14.2.3.4 On attaining the test pressure, the pressure shall be held for cylinders for at least 30 s and for
tubes for at least 2 min, with the cylinder or tube isolated from the pressure source.

14.2.3.5 If there is a leakage in the pressure system, it shall be corrected and the cylinders retested.
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14.2.4 Acceptance criteria
During the hold period, the pressure, as indicated on the pressure gauge, shall remain constant.

There shall be an absence of visible leakage (liquid when the test is hydraulic) on any part of the
external surface of the cylinder. This check can be made during the hold period if safe to do so (e.g. by
using a remotely operated camera) or immediately following the test.

There shall be no visible permanent deformation.

If the applied pressure exceeds the test pressure by more than 3 % or 10 bar, whichever is lower,
the cylinder_shall be set aside for further evaluation or rendered unserviceable in accordance with
Clause 18.

14.3 Hydraulic volumetric expansion test

Annex D outlines typical methods for carrying out the hydraulic volumetric expansion test and gives
details for fetermining the volumetric expansion of seamless steel and seamléss“aluminium-alloy
cylinders by the preferred water jacket method or the non-water jacket methiod. The test methods,
equipment gnd procedure chosen shall be approved by the competent authority:

Care shall bg taken that the entire external surface of the cylinder is wet without the presence of any
bubbles.

The permanent volumetric expansion of the cylinder expressed as:a percentage of the total expansion
at test presqure shall not exceed the percentage given in the design'specification.

On attaining the test pressure, the pressure shall be held forgylinders for at least 30 s and for tubgs for
at least 2 min, with the cylinder or tube isolated from thepressure source.

When this design specification requirement is not known, a maximum of 5 % PE shall be applied.

D
=
0

If this PE value is exceeded, the cylinder shall be'rendered unserviceable in accordance with Claus

For seamlesk aluminium-alloy cylinders, it shall be ensured that any aqueous liquid does not stay ip the
cylinder for[more than two hours.

14.4 UT

14.4.1 Genleral

UT of seamless steel and seamless aluminium-alloy cylinders within the framework of periodic
inspections|may be catried out in lieu of the proof pressure test described in 14.2 or the hydraulic
volumetric ¢xpansion‘test described in 14.3, and the internal visual inspection described in 11.2.

14.4.2 Requirements

14.4.2.1 General

The cylindrical part of the cylinder from the shoulder to the base including the SBT shall be examined
ultrasonically [e.g. with the help of an automated examination device (see Figure 6)]. See Figure 7 for an
example of a reference specimen's SBT location, sidewall and notch placement.

When an examination is required for the transitional area from the shoulder to the neck area of the
cylinder, a supplementary manual examination shall be performed.

Since the effect of fire- or heat-exposure to the cylinder material cannot be determined using UT,
cylinders that are suspected to or have experienced this kind of exposure shall not be examined
ultrasonically, unless they have been proven to be suitable for further service. See the fire damage
information in Table B.1.
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a) UT system with cylinder in air b) UT system with cylinder submergged in water
:I:T transducers, moving
T equipment
ylinder movement
Figure 6 — Examples of two types of UT devices for cylinders
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Key
1 SBT 6 overall height
2 notch logation (lower half of SBT) 7  sidewall, including transition
3 SBT notdh 8 base
4  shouldeq head or crown 9 sidewall
5 neck 10 wall thickness
X detail of cylinder SBT, SBT notch and notch location
SOURCE Cgmpressed Gds~Association (CGA). This adapted figure is reproduced from Reference [20]| with
permission ffom the Compressed Gas Association. All rights reserved.
NOTE1  Notch depth (10 £ 1) % of minimum design wall thickness, tn.
NOTE 2  N¢telhplacement perpendicular to cylinder outer wall.

Figure 7 — Example of a reference specimen's SBT location, sidewall and notch placement

14.4.2.2 Examination equipment

The installation shall be able to scan the whole surface of the cylindrical part of the cylinder, including
the adjacent transitions to the base and shoulder. An inspection system shall have a number and
type of transducers and different beam directions required to identify all the reference features in
the calibration piece. Typical examples of suitable ultrasonic transducer arrangements are shown in

Figure 8.
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The pulse repetition rate of the transducers, rotational speed of the cylinder and axial speed of the
scanning head shall be mutually adjusted in such a way that the system is capable of locating all of the
calibration flaws. Any ultrasonic method (e.g. the pulse echo, guided wave) that demonstrates the ability
to detect defects and to measure wall thickness, compatible with the size (length and circumference) of
the cylinder under examination, shall be used. The most common techniques used today are the contact
or the immersion type. Other techniques may be used. See Figure 9 for examples of the techniques used.

When applicable, e.g. with a helix-based system, at least 10 % overlap of the effective beam width shall
be guaranteed.

Acoustic coupling shall be continuously monitored. Loss of coupling shall invalidate the test. In such

-® © @-

©.G'0 @-©

Figure 8 — Examples of the arrangement of transducers
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T1, TR transverse transducers
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Figure 9 — Examples of coupling techniques
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The cylinder wall shall be examined using UT transducers capable of detecting the specified calibration
notches. The examination shall cover longitudinal defects when scanning in both circumferential
directions (clockwise and anti-clockwise) and circumferential defects when scanning in both
longitudinal directions (forward and backward) and consider these defects to be located on the internal
and external surfaces.

The cylinder wall shall be examined using UT transducers capable of measuring the actual wall
thickness using a normal transducer (angle of refraction 0°) and comparing the value to the minimum
design wall thickness. The uncertainty of the system shall be +5 % or 0,1 mm, whichever is lower. The
uncertainty shall be taken into account when verifying the wall thickness.

Thecylinde D anred Te—Seatren—tm WwHtn—tre—tta arrgo—tnrougn—a1oc
motion and|translation relative to one another. This rotating and translating motion shall res
an overlappiing helix pattern that ensures 100 % inspection of the cylinder sidewall. The(spee
translation and rotation shall not exceed the speed used during calibration.

The UT unit shall have a screen capable of depicting the various defects present-inthe calibrption
cylinder. The installation shall have an automatic alarm when a fault signal is indi¢ated. See Figure 10
for examplep of flaw alarms.

A distinction in the defect detection between internal and external flaws shall'be possible.

1

T1
[]2
- 8

Key
T1 transverge transducer

screen

calibration specimen wall

UT signal trace from calibration specimen wall
inner reference notch

UT signal trace from inner reference notch
outer reference notch

UT signal trace from outer reference notch

[col e N T S

alarm level

Figure 10 — Flaw alarm examples
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14.4.2.3 Manual ultrasonic unit

The requirements in 14.4.2.2 shall apply as appropriate for the selection of the transducers and
servicing of the unit.

14.4.2.4 Cylinders

The external and internal surfaces of any cylinder to be examined ultrasonically shall be in a suitable
condition for a reliable and reproducible test. In particular, the external surface shall be free of
corrosion, non-adhering paint, dirt and oil.

UT igomtyretiabte whemtheoise sigmatstaused by the surface are atteast 5096 betow thetorresponding

referfence signal.

14.4{2.5 Personnel

The [examination equipment shall be operated by, and its operation supéryised by, gqhalified and
expefrienced personnel only, as defined in ISO 9712. The tester shall be certified to ISO 9712 Level I or
any ¢ther national standard acceptable to the competent authority as @ minimum for UT. A Level Il or
Leve]| I1I operator shall supervise the Level I operator and offer an interpretation of the resplts.

The Qiltrasonic testing facility shall retain a Level Il operator for¢he entire UT programme
14.4{3 Calibration

14.4{3.1 General

Calibration of the UT defect examination and wall thickness measurement shall use g calibration
specimen with notches. A specimen of convenient length shall be prepared that is represenftative of the
cylinder or tube to be tested with a similar naminal diameter, wall thickness, external surfage finish and
matdrial with similar acoustic velocities\(e.g. any ferritic steel may represent any other ferritic steel,
and gny aluminium alloy may representany other aluminium alloy) as the cylinder under tgst. Different
coatings (e.g. powder coatings vs wet-painting) and thicknesses give different acoustic regponses that
can rflequire the use of a dedicated\calibration specimen.

The falibration specimen shall*have a known minimum wall thickness that is representative of the
minimum design wall thickness of the cylinder or tube under test but no more than that gpecified by
the Ijevel I1I operator.

CaliHration speciménsshall be protected to prevent their deterioration.
14.413.2 Defect detection

14.4{3.2.1" UT notch requirements and dimensions

For manual and automated defect examination, a minimum of four rectangular notches is required
as reference notches in the calibration specimen (see Figure 11). The notches can be produced either
by means of electrical erosion or sawing, or by machining. The bottom corners of the notch may be
rounded. The notches shall be located so that there is no interference from any other defect in the
calibration specimen. The form and dimensions of the calibration specimen shall be verified. The four
notches shall be as follows:

— inner notch in longitudinal direction;
— inner notch in transverse direction;
— outer notch in longitudinal direction;

— outer notch in transverse direction;
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owing dimensions in each case:

— length, L: 50 mm;

— depth, D:

— For seamless steel cylinders:

— 5 % criterion: for cylinders with actual tensile strength = 950 MPa or cylinders intended to
contain embrittling gases (see ISO 11114-1), the depth D shall be 5 % (x0,75 %) of the minimum
measured wall thickness, ty¢, of the calibration specimen. The notch in the calibration specimen
shall be located in the sidewall at a position where the wall thickness does not exceed 115 % of

the
org

N 10 q
em
wa
be |
min
gre

— For seamless aluminium-alloy cylinders, the depth D shall be 10 % (x1/%) of the minimum meag

wall thi
in the si
wall thi

— width, W: <2 D.

When a 10 ¢
to examine
described fo

14.4.3.2.2

minimum measured wall thickness. However, the notch depth shall not be less than 8,2
reater than 1 mm; or

o criterion: for cylinders with actual tensile strength < 950 MPa and not intendedto co
rittling gases (see ISO 11114-1), the depth D shall be 10 % (+1 %) of the minimum meag

thickness, ty, of the calibration specimen. . The notch in the calibration specimen
ocated in the sidewall at a position where the wall thickness does not exceed 115 % (
imum measured wall thickness. However, the notch depth shall ngtbeé less than 0,2 m
hter than 1 mm.

Ckness, tmc, of the calibration specimen. The notch in the calibration specimen shall be lo
lewall at a position where the wall thickness does not exceed 115 % of the minimum meas
Ckness. However, the notch depth shall not be less than.0,2 mm or greater than 2 mm.

o criterion as explained above is used, a fifth)inner transverse transition notch is reqs
the SBT region. The fifth notch shall have the same width and length as the previ
ur notches with the notch depth (10 * 1J:% of minimum design wall thickness (see Figu

nternal inspection notch requirements

When using

the followin‘E calibration reference notch groupings shall be required.

— Forsea

—  whg
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Fig
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htain
ured
shall
f the
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ured
rated
ured
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re 9).

UT for checking a cylinderisiinternal condition in lieu of internal visual inspection, one of

less steel cylinders

bn using the 5 %-criterion (see 14.4.3.2.1), it shall be confirmed on a typical specimern
system is capable of detecting a 10 % (with a machining tolerance of 1 %) SBT notch
ire 11); or

en using-the 10 % criterion (see 14.4.3.2.1), in addition to a fifth SBT notch (see Figur
h previously specified dimensions, a FBH shall be machined with a depth of 1/3 mini

that
(see

e 11)
mum

meq

suved wall thickness and a diameter less than or equal to 2 times the minimum meag

ured

wal

I'thickness (see Figure 1Z).

— For seamless aluminium-alloy cylinders:

— internal longitudinal and transverse reference notches with the dimensions as specified in
14.4.3.2.1, except that the depth shall be 5 % (with a machining tolerance of 1 %) minimum
measured wall thickness; or

— 10 % internal longitudinal and transverse reference notches with the dimensions as previously
specified for the four notches and a FBH with a depth of 1/3 minimum measured wall thickness
and a diameter less than or equal to 2 times the minimum measured wall thickness (see

Figure 12).
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D depth of the notches: 5 % (£0,75 %) tmc or 10 % (21 %) tmce, in mm
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Figure 11 — Examples of reference notches
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]

Key
1 FBH

Figure 12 — Typical FBH netch

14.4.3.2.3 (alibration procedures

During the [calibration procedure, the UT equipment shall be adjusted so that the amplitude gf the
echoes fronj the reference notches, at the least ensitive used area of the transducer, equals the glarm
level (see Figure 13). The alarm and signal amplitude levels shall be set to consistently detect reqyiired
reference nptches within the calibrationspecimen, e.g. 50 % of the screen height. On autonjated
systems, this step shall be performed atthe rotational speed of the cylinder, as at the time of the agctual
testing (see[14.4.2.2). This sensitivity is'the reference sensitivity.

4 )

Key
1 alarm level
2 signal of reference notch

Figure 13 — Reference notch amplitude
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14.4.3.3 Wall thickness

To calibrate the manual and automated wall thickness measurement, a patch with a diameter equal to
at least 2 times the effective beam width at the point of entrance on the calibration specimen shall be
used, the exact wall thickness being known.

14.4.3.4 Frequency of calibration

The UT equipment shall be calibrated at least at the beginning and at the end of each operator shift,
regardless of length, and when any equipment affecting UT is changed, e.g. change of transducer,
transducer cable, wheel, encoder, drive belts. Calibration shall also be undertaken whenever there is a
chanfge of diameter or when the calibration specimen is no longer applicable (see 14.4.3.1).

NOTH Some systems allow calibration of multiple types of cylinders prior to the test programnpe.

Calilration shall also be undertaken at the end of operations that are of a duration less than that of a

normal shift.

If, dy
exan
recal

ring the calibration, the presence of the respective reference notchis not detected,
lined after the last acceptable calibration shall be re-examinedtafter the equipme
ibrated.

h1l cylinders
ht has been

14.4{4 Performing the examination

14.4{4.1 Defect detection in cylindrical section by automated installation

The ase shall be

exar

cylindrical section of the cylinder and the transitions to the shoulder and to the b
lined for longitudinal and transverse defects using an automatic examination device.

The
one (
alary

minimum design wall thickness of the cylinder shall be known. This value can be obtained from
f the following: the cylinder marking, the type approval, a calculation, etc. This valuelis set as the
h level in the evaluation unit of the ulfrasonic wall thickness measuring device.

1. It shall be
4.4.2.2).

At n
ensu

time shall the speeds used during calibration be exceeded during the examinatior
red that the system provides'100 % coverage of the surface being examined (see also ]

14.4{4.2 Wall thickness measurements in cylinder end of cylinders with footrings

14.4}4.2.1 Cylindrical part of the cylinder

AsU
footr
inspq

The (

[ cannot coverthe complete cylindrical part of cylinders with footrings (the transitioy
ing and thefcylindrical part where the footring is installed), thorough internal and exf
ectionssshall be performed in accordance with Clause 11 and 9.2, respectively.

ritical area in the transition zone (cylindrical part just before the footring) shall be che

| zone to the
ernal visual

cked, taking

bt thn accncoihilityy and vwoannghunnce afthntnct cninfacn T challho ancnivnd thatr +ha

into aecountthe-acecessibiityrandroughness-ofthetestsurfacetshallbe-ensured-thatthetransducers

scan up to the edge of the footring (see Figure 14).

14.4.4.2.2 Cylinder base

The base area of the cylinders shall be examined for wall thickness by using a normal transducer (see
Figure 12). This can be performed either manually or using an automated system. As a minimum, the
centre of the base area shall be measured.

14.4.4.2.3 Wall and base thickness measurements by automated installation

The cylindrical section shall be examined 100 % for loss of wall thickness. If possible, the base thickness
shall also be measured on the automated installation.
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14.4.4.2.4 Base thickness measurements by manual testing

If the base measurement has not already been performed using an automatic UT device, it shall be
manually measured at the centre of the base with a normal ultrasonic transducer.

e |———— S e
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o
o
Z
=

Key

normal transducer

longitudinal transducer (longitudinal of base shape)
transverse transducer (transyerse of base shape)
automated operation (common practice)

N e

manual or automated-operation (common practice)

Figure 14— Defect detection in cylinder ends with footrings

14.4.5 Intdrpretation of results

Cylinders examined to the examination sensitivity in accordance with 14.4.3.2 and 14.4.3.3 when no
defect signall dbove the alarm level has been recorded have passed the examination.

When a defect signal above the alarm level (as a result of a defect, below minimum design wall thickness,
loose paint or internal contamination) has been recorded (see Figure 15), the cylinder shall be further
processed by one of the following:

a) the cylinder may be re-examined after removing internal and/or external coatings and/or the
interior cleaned; or

b) the cylinder may be re-evaluated in accordance with Annex B.

If a) or b) are not carried out or are unsuccessful, the cylinder shall be rendered unserviceable in
accordance with Clause 18.
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If it can be established that the sensitivity used during the examination was too high, the cylinder may
be re-examined after adjusting the gain settings and recalibration to an acceptable and safe level.

The measured thickness of the base shall not be less than the minimum design base thickness as
specified in original documentation, e.g. design drawing, type approval, etc. If original documentation
containing base thickness values is not available, then the measured base thickness shall be greater
than 1,5 times the minimum design sidewall thickness for convex bases and 2 times the minimum
design sidewall thickness for concave bases.

Certain geometrically determined indications in the test results such as external ribs caused by the
deep drawing process or hardness measurement spots shall be evaluated.

1

& T

—
)

(o)

Key

—J
[\

ransverse transducer

dcreen

gylinder wall

U'T signal from cylinder wall

drack on internal surface

U'T signal from crack

1legion of signals from cracks on internal'surface
1legion of signals from cracks on external surface

O N O Ul A W N R

dlarm level
Figure 15~ Example of detection of crack in transverse direction
14.4}6 Records

In addition tothe required records as specified in 17.7, the following information shall be r¢corded:

a) identification of ultrasonic equipment used and its calibration records in accordance wjith 14.4.3.4;

b) unique identification of the calibration rylindpr used;

c) name of the UT operator;

d) results of examination. If subsequent evaluation in accordance with 14.4.5 and Annex B requalifies
the cylinder, the basis of requalification shall be recorded.

Reference to this document may also be recorded.

15 Inspection of valve and other accessories

If a used valve or any other accessory is to be reintroduced into service, it shall be ensured that only
valves inspected and maintained in accordance with ISO 22434 or other accessories are fitted.
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16 Replacement of cylinder parts

Replacement of footrings (seamless steel cylinders only) and neckrings that are an integral part of the
design may be carried out. Also, the removal of cuts, gouges and other imperfections may be carried out.

All operations involving the application of heat shall conform to the heat limits given in 17.1. All

corrosion products shall be removed prior to repair.

NOTE

weight can change.

When a change of a footring (seamless steel cylinders only) and/or neckring is carried out, the empty

17 Final ¢perations

17.1 Drying, cleaning and painting

17.1.1 Dryjing and cleaning

The interioy of each acceptable (passed) cylinder shall be thoroughly dried‘\by a suitable mgthod
immediately after the hydraulic volumetric expansion test so that there, is.nio trace of free water.
See 17.1.2.2|for seamless steel cylinders and 17.1.2.3 for aluminium-alloy ¢ylinders, respectively, for
maximum t¢mperature values to be used.

The interiorof the cylinder shall be inspected to ensure that it is dry and free from other contaminjants.
17.1.2 Painting and coating

17.1.2.1 Ge¢neral

Cylinders afe sometimes repainted using paints,that require stoving. Plastic coatings can aljo be
re-applied. Care shall be taken if valved cylinders and in particular cylinders containing resjdual
flammable gas are to be stoved, due to the possibilities of valve degradation and/or risk of an explpsion
due to leakage of gas. In addition, some gases.dre susceptible to heat decomposition/reaction.

If a surface finish that requires heat tréatment is applied (e.g. powder coating), it shall be checked that
the temperature does not affect the valve integrity. If this cannot be ascertained, the valve shdll be
removed before this type of surfaee finish is applied.

Paint or coafing shall be applied-So that markings stamped on the cylinder remain legible.

17.1.2.2 Sdamless steekcylinders

In no case ghall thextémperature of a seamless steel cylinder exceed 300 °C since overheating ¢ould
change the mecharical properties of the cylinder.

17.1.2.3 Seamless aluminium-alloy cylinders

Seamless aluminium-alloy cylinders are normally manufactured using precise heat treatment to
obtain the final mechanical properties of the cylinders. Therefore, the maximum temperature for any
operation shall be limited.

In no case shall the temperature of seamless aluminium-alloy cylinders exceed that recommended by
the manufacturer since overheating can change the mechanical properties of the cylinders.

Cylinders manufactured from AA 6XXX heat-treatable aluminium alloys (e.g. AA 6061) shall not be
heated to temperatures exceeding 175 °C. Only testing facilities that can control heat input and record
time and temperature shall heat cylinders. The total cumulative time at temperatures between 110 °C
and 175 °C shall be limited to the time recommended by the cylinder manufacturer. Cylinders heated in
accordance with these provisions shall not require further testing.
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An external heat source shall not be applied (e.g. to dry an external coating) to AA 7XXX heat-treatable
(e.g. AA 7032 or AA 7060) seamless aluminium-alloy cylinders and tubes unless approved by the
cylinder or tube manufacturer.

Unless otherwise authorized by the cylinder manufacturer, the maximum temperature shall not
exceed 80 °C for seamless aluminium-alloy cylinders manufactured from non-heat-treated alloys (e.g.
AA 5283). The exposure time shall be limited to 30 min for temperatures between 70 °C and 80 °C. If
the heat exposure time exceeds 30 min at temperatures greater than or equal to 70 °C, or if at any time
the temperature exceeds 80 °C, then agreement shall be obtained from the manufacturer regarding the
further use of the cylinder.

17.2

Befo
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cylin/der and gas service. When the cylinder is part of a certified assembly, only neplacement

that

An 0

a Sed

spec
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The

it m3
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The i
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e re-valving the cylinder, the thread types (both cylinder and valve) shallcbe’ idg
ppriate valve shall be fitted to the cylinder using a sealing material compatible wit

have been certified for use with the assembly shall be used.

ptimum torque for seamless steel and seamless aluminium-alloy-cylinders necessaf
| between the valve and the cylinder and to prevent over-stressing the neck shall
fied, for example in ISO 13341. The torque applied shall take ito consideration the si
e threads, the material of the valve and the type of sealing material used according to 4
manufacturer's recommendations. When the use of lubricants/sealing material is per
e approved for the gas service shall be used taking pdrticular care for oxidizing gas
1114-2).

Check of cylinder tare

check of the cylinder tare requirement shall apply only to cylinders for liquefied gasg
y be applied to any cylinder when there is doubt. The tare of the cylinders shall be

cale shall be checked for accuracyat the beginning of each shift. The capacity of the s

ntified. The
h the valve,
components

y to ensure
be used as
ze and form
he cylinder/
mitted, only
service (see

es. However,
obtained by

hing the cylinders on a scale calibrated with traceability to national or internationall standards.

cale shall be

service, the
of all other
resented for
'n in Table 1
1 be marked
e altered.
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The tare is the sum of the “empty*weight” plus the mass of any coating (e.g. paint) used in
masq of the valve including dip“tube when fitted and any fixed valve guard and the mass
parts that are permanently, attached (e.g. by clamping or bolting) to the cylinder when p
filling. If the tare of the €ylinder differs from the stamped tare by more than the value show
and this is not due todamage, the original tare shall be cancelled. The new correct tare sha
in a durable and legible fashion in accordance with ISO 13769. The empty weight shall not b
Table’l — Maximum differences between scale weight reading to marked tare
Cylinder water capacity Maximum permissible deviation in tare weight
14
! g
0,5=sV<1,02 *25
1,0<V<5,0 +50
50<V<20 +200
V>20 *400
a  For cylinders with less than 0,5 |1 of water capacity, the maximum weight deviation should be
reduced to a value less than 25 g.
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17.4 Retest marking

17.4.1 General

After satisfactory completion of the periodic inspection and test, each cylinder shall be permanently
marked in accordance with the relevant standard, e.g. ISO 13769 (this mark may be applied by means

other than s

a)

tamp marking), with

the character(s) identifying the country that authorizes the body performing the periodic

inspection and testing as indicated by the distinguishing signs of motor vehicles in international

traffic s

pecified in the UN Model Regulations,

b) the stan

c) the preq

17.4.2 Stamping

These mark]
on a ring ma
is installed.

17.5 Refer

The next pel
coloured di
required) of

Annex E prq
use, and the

17.6 Iden

If the identi
examples fo

:Lification of contents

hp or symbol of the authorized inspection body or testing facility, followed by

ent test date (as either YY/MM or YYYY/MM).

5 shall be in accordance with the relevant standard, e.g. ISO 13769. They may be engi
de of a material compatible with the gas service and affixed to the eylinder when the
The ring can only be removed by disconnecting the valve from the cylinder.

ence to next periodic inspection and test date

iodic inspection and test date may be shown by an appropriate method such as by a plj
5c fitted between the valve and the cylinder indicating the year (and the month,
the next periodic inspection and/or tests.

vides one example of an existing system fof’indicating retest dates; other systems 4
same systems are used but with different colours for the same year.

ication of the cylinder's contents is required, then ISO 7225 and ISO 32 may be us
I labelling and colour coding;respectively. Care shall be exercised in accordance with 1}

"ds

riodic inspection;the following information shall be recorded on the test certificate:
name;

mber-ofithe cylinder;

manufacture;

aved
ralve

hstic-
when

re in

bd as
7.1.2.

17.7 Reco}
After the pe
a) owner'
b) serialn
c) date of}
d)
e)
f) testpre
g) current
h)
i)
j)
k)
28

cylinder weight (empty), or tare, when applicable;

type of inspection and test performed;

ssure (if applicable);
retest date — year/month/day (of pressure test or UT) shown as YYYY/MM/DD;

identification symbol of the retest body or the testing facility;
identification of retester;

details of any cylinder repairs made to defects as described in Annex B (see Clause 16);

water capacity/size;
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specification or regulation according to which the periodic inspection/test was performed;

cylinder manufacturer's identification;

result of inspection and test (pass or fail).

In case of failure, the reason(s) should be recorded.

Records shall be retained by the retester for at least 15 years or until the next periodic inspection date.

18

18.1| General

The

proc

18.2

Cylin
depr
unse

18.3

If a

cond

gas

of thie cylinder, especially the shoulder, to be Teintroduced into service. If the owner do¢
with|this disposition, at a minimum the markings (e.g. UN marking) that allow the cylin
trangport in the country where it is periodically inspected and tested shall be made illegib
any disagreement, ensure that the legalNimplication of the contemplated action is fully unde

In sdme cases, it might be necessary to transport condemned cylinders to a place where

scra
The
a)
b)

‘)
d)

e)

Rejection and rendering cylinder unserviceable

Hecision to reject a cylinder may be taken at any stage during the periodi©inspect
bdure.

Cylinders with a valve attached

ders rejected during UT that have a valve installed and contain gas under pressi
pssurized, purged if required and de-valved in accordance with’Clause 8, prior to ren
rviceable in accordance with 18.3.

Cylinders with no valves attached

Fejected cylinder cannot be recovered, the owfer shall be notified and the cylin
mned. If the owner agrees, the testing facilityashall render the cylinder unserviceabls
nder pressure by one or more of the metliods listed below so that it is impossible

ped. If there are no specifio regulations, the condemned cylinder shall be identified.
following methods may)be used for rendering cylinders unserviceable:
¢rushing or shredding the entire cylinder by mechanical means;

burning an jrregular hole in the top dome equivalent in area to approximately 10 % o]
the top deme or, in the case of a thin-walled cylinder, piercing in at least three adjacent

jeggedeutting of the neck and shoulder;

on and test

ire shall be
dering them

ler shall be
e for holding
for any part
'S not agree
Her for legal
le. In case of
rstood.

they can be

f the area of

places;

. | o of the cylinder i eces including the shoulder:

bursting using a safe method.
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Annex A
(informative)

Periodic inspection and test periods

The information shown in Table A.1 includes intervals as outlined in the UN Model Regulations(23].

Table A.1 — Intervals for periodic inspections and tests

UN recommended period
Gagtype Examples
yeans
Ar, N2, He, etc. 102
Hpb 102
Air, Oy 102
Compressed|gases - - -
Self-contained breathing air, Oz, etc. c
Gases for underwater breathing apparatus c
cod 5e
Liquefied gafes Refrigerants, CO; 10a
Corrosive galses f 5
Toxic/very tpxic gases that|Sulfuryl fluoride (SO2F3), Arsine (AsH3), Phos- 5
are non-corrjosive phine (PH3), etc.
5 years or 10 years according to
dangerous properties.
Gas mixturep All mixtures Generally toxic or corrosive mixfures
have a 5-year interval while qther
mixtures have a 10-year interval.

These test pefiods may be used provided the dryhess of the product and that of the filled cylinder are such that there|is no
freestanding vater. This condition shall be proven and documented within a quality system of the filler. If this condition
cannot be fulililled, alternative or more frequent testing may be appropriate.

NOTE At a]l times, certain requirements can necessitate a shorter time interval, e.g. the dew point of thq gas,
polymerizatiqn reactions and deconiposition reactions, cylinder design specifications, change of gas service, etc.

a  Some trapsport regulations (e:g. ADR) allow the interval between periodic inspections and tests to be extended jup to
15 years unddr specific conditions.

b Particulaf attentiop~shall be paid to the tensile strength and surface condition of such cylinders. Cylinderf not
in conformanfe with_thevspecial hydrogen requirements shall be withdrawn from hydrogen service. See ISO 11641 for
possible additional testing.

¢ Local regulations specify the interval of periodic inspection and testing. In the absence of any regulations, an apnual
internal inspection should bhe carried out with g nprlnr‘hr inspection carried out everv five vears However if 4 risk
assessment and the specific use of a cylinder indicate that there is a low risk of internal degradation, then the interval for
carrying out an internal examination may be increased to a maximum of 2,5 years.

d  This product requires very dry gas. See ISO 11114-1.

e The interval between periodic inspections and tests may be extended to 10 years for seamless aluminium-alloy
cylinders, when the alloy of the cylinder has been subjected to a stress corrosion test as specified in ISO 7866.

f Corrosiveness is with reference to human tissue (see ISO 13338) and NOT cylinder material as indicated in Annex C.
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Annex B
(normative)

Description, evaluation of defects and conditions for rejection of
seamless steel and seamless aluminium-alloy cylinders at the time

of periodic inspection

B.1

Cylin
cond|
sum
insp¢

Annd
requ

Any

appr
chec

If thd

General

der defects can be physical, material or due to corrosion as a result of environment:
itions to which the cylinder has been subjected during its life. AnnextB provides 3

ary of most of the identified conditions and describes the features for which the cylix
ected as well as the criteria applied to these features.

x B applies to all cylinders, but those that have contained gaseswith special charact
re modified controls.

efect in the form of a sharp notch may be removed by. méchanical means (e.g. machin

h] or service
convenient
1der shall be

eristics may

ing or other

pved methods) and blended smooth (see Clause 13). After such a repair, the wall thickness shall be

ked, e.g. by UT.

defect size is such that it has reached limits of depth or extent, the remaining wall thi

be checked with an ultrasonic device. The wall thickness may be less than the minimum

wall

thickness, when authorized by the competent authority taking into consideration

of th

defect and safety factors. ISO/TR 22694 and Figures B.6 and B.7 may be used for

evalyate the acceptable size of the defect.

ISO/TR 22694 was developed as a result of substantial analytical work and verified by e
tests to establish safe criteria tfor defects within seamless steel and seamless alunjinium-alloy
cylinders. ISO/TR 22694 concluded that the criteria developed therein should be incorporz

next
(ISO
from
capa
with

revision of the periodicinspection and testing documents, ISO 6406 and I1SO 10461. Th
18119) is a combined version of ISO 6406 and ISO 10461 and so it is appropriate tha
ISO/TR 22694 have been incorporated herein. ISO/TR 22694 evaluated cylinders v
City of up to 50 % therefore, any extension of the rejection criteria of this document
a water capagity greater than 50 1 or tubes needs to be re-evaluated.

A summary of the data from ISO/TR 22694 had been independently peer reviewed and pub

ASM

E Journqlof Pressure Vessel Technologyl24].

ckness shall
guaranteed
the severity
guidance to

kKperimental

ted into the
is document
t the results
yith a water
to cylinders

lished in the

B.2

Dl 3 1 'y ol JdoF 'y
rllyblbdl Ul 1IIIdTI Idl UTITLLS

Evaluation of physical or material defects shall be in accordance with Table B.1.

Permanent attachments (e.g. footrings or neckrings) shall be inspected and shall be suitable for their
intended purposes.
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Table B.1 — Rejection criteria relating to physical and material defects in the cylinder shell

Type of defect

Definition

Rejection criteria in
accordance with Clause 92

Repair or render

unserviceable

Bulge

Visible swelling of the cylinder

All cylinders with such a defect

Render unserviceable

Dent

A depression in the cylinder
that has neither penetrated nor
removed metal and is greater in
depth than 1 % of the external
diameter

When the depth of the dent
exceeds 3 % of the external
diameter of the cylinder

OR
When the diameter of the dent is

less-than-x15-its-depth

Render unserviceable

Render unserviceable

Cut or gouge|

A sharp impression where metal
has been removed, displaced or
redistributed and whose depth
exceeds 5 % of the cylinder's
minimum design wall thickness

(see Figure B.1)

When the depth of the cut or
gouge exceeds 10 % of the mini-
mum design wall thickness

OR

When the length exceeds 25 %
of the external diameter of the
cylinder

Repair possibleb

Repair possibleb, ¢

A split or separation in the metal

heat damagsd

b) distortion of cylinder
c) charring or burning of paint

d) fire damage to valve, melting
of plastic guard, date ring or
fusible plug if fitted

Cylinders in categories c) and d)
may'be acceptable after
inspection and testing

Repair possible. In ca
doubt, render
unserviceable.

Crack typically appearing as aline on |All cylinders with such defects” |Render unserviceablg
the surface (see Figure B.2)
Excessive general or localized
heating of a cylinder usually
indicated by:
a) partial melting of the cylinder | A|] cylinders iff.categories a) and .
Fire/excessiye b) Render unserviceablg

se of

Lamination

Layering of the material with a
surface breaking imperfeetion
sometimes appearingas a
discontinuity, crack, lap or
bulge at the surface

All cylinders with such defects

Render unserviceabld
internal defects

Repair possible for
external defectsb

b for

Neck cracks

A split or separation in the
material typically appearing as
lines usually’running down/up
the thread vertically and across
the thread (not to be confused
with tap marks) (see Figure 5)d. e

All cylinders with such defects

Render unserviceabld

h

a  When apj

and safety fad

lyingthe rejection criteria given in this table, the conditions of use of the cylinders, the severity of the d
tors’in the design shall be taken into consideration.

efect

confusion.

d  Unlike tap marks, cracks can appear on the top face of the cylinder neck.

b Repair is possible provided that, after repair by a suitable metal removal technique, the remaining wall thickness is at
least equal to the minimum design wall thickness.

¢ If the measured wall thickness is less than the minimum design wall thickness, the cylinder shall either be rendered
unserviceable or further action shall be taken as indicated in Table B.3.

e The following applies only to seamless aluminium-alloy cylinders: some neck cracks (< 1 mm in depth) may be repaired
only in accordance with an agreed manufacturer’s specification.

fIf it can be clearly established that the cylinder fully complies with the appropriate specification, altered operational
and modified markings may be acceptable and inadequate markings may be corrected, provided there is no possibility of
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L Rejection criteria in Repair or render
Type of defect Definition accordance with Clause 92 unserviceable
Thread machining marks
Tap marks fl}; I:;SC?Illlgtizpbe:g:ﬁjss:;ﬁ;‘gg t Acceptable No repair necessary
neck cracks) (see Figure 4)
Plug or neck Additional inserts fitted in the All cylinders gnless itcan b? . . .
inserts cvlinder neck. base or wall clearly established that addition |Repair possible
y ’ is part of approved design
Stampin Marking by means of a metal All cylinders with illegible, Render unéeviceablef
ping punch modified or incorrect markings
Partial melting of the cylin-
ﬁlzf'nsr torch ?:r?lssgllt)lfqrr;g{g%?g:;gh(gor All cylinders with such defects |Render unserjviceable
cratering
Continued usk possible
Susplicious Marks introduced other than after additiorfal
malg's by the cylinder manufacturing |All cylinders with such«defects |inspection toleliminate
[ process and approved repair doubt for conftinued
service
Vertleal Deviation from_ Vertlcgllty tha_t Repair or renfler
stabllity can present arisk during service unserviceablt
(especially<ffitted with footring) i

least

unse

only

a  When applying the rejection criteria given in this table, the eonditions of use of the cylinders, the severit|
and dafety factors in the design shall be taken into consideration:

b

epair is possible provided that, after repair by a suitable metal removal technique, the remaining wall
equal to the minimum design wall thickness.

¢ If the measured wall thickness is less than the*minimum design wall thickness, the cylinder shall eithg

Fviceable or further action shall be taken as-indicated in Table B.3.

d  Unlike tap marks, cracks can appear on(thetop face of the cylinder neck.

e

he following applies only to seamless aluminium-alloy cylinders: some neck cracks (< 1 mm in depth) m
n accordance with an agreed mafufacturer’s specification.

fIf it can be clearly established tliat the cylinder fully complies with the appropriate specification, alterd
and thodified markings may he-acceptable and inadequate markings may be corrected, provided there is nd
confy

sion.

i of the defect

hickness is at

r be rendered

hy be repaired

d operational
possibility of

B.3

B.3.
The

Corrosion

| General

cylinder can be subjected to environmental conditions that could cause internal 4

Corrvsir\n of t]«a mai—q].

nd external

TOTTor—trre1recor

Extensive experience and judgment are required in evaluating whether cylinders that have corroded
internally are safe and suitable for return to service. It is important that the surface of the metal is
cleaned of corrosion products prior to the inspection of the cylinder.

B.3.2 Types of corrosion

The types of corrosion may be classified generally as in Table B.2.
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Table B.2 — Rejection criteria for corrosion of the cylinder wall

Type of corrosion

Definition

Rejection criteria in accordance
with Clause 92

Repair or render
unserviceable

Loss of wall thickness over
an area of more than 20 %
of either the interior or

If the original surface of the metal
is no longer recognizable

OR

If the depth of penetration exceeds
10 % of the minimum design wall
thickness and the remaining wall
thickness is equal to or greater

Repair possibleb, ¢

Repair possibleb, ¢

General corr

S IUIT

the exterior total surface
area of the cylinder (see

Figure B.3)

than the minimum design wall
thickness

OR

If the measured wall thickness is
less than the minimum design wall

Dependent on outdome

Local corros

an area of less than 20 %
of either the interior or the
exterior total surface area
of the cylinder, except for
the other types of local cor-
rosion described below

lon

thickness is equal to or gfeater
than the minimum desigh wall
thickness

OR

If the measured wall thickness is
less than thesminimum design wall
thicknessysee Table B.3
requiréments

thickness, see Table B.3 of & l? B.3 or renger
. unserviceable
requirements
If the depth of penetration exceeds
20 % of the minimum design wall
Loss of wall thickness over |thickness and the remaining wall Repair possibleb

Dependent on outd
of Table B.3 or ren
unserviceable

ome
Her

Corrosion forming a narrow,
longitudinal or

If the'total length of corrosion in
any direction exceeds the diameter
of the cylinder and the depth ex-
ceeds 10 % of the minimum design

Repair possibleb, ¢

cylinder shall
b Afterrep

¢ Repairis
consistent wi

h therequirements of Table B.3.

be rendered unserviceable in accordance with Clause 18.

hir, a cylinder shall meet the requirements given in Clauses 9, 10, and 11.

possible-provided that, after repair by a suitable metal removal technique, the remaining wall thickn

Chain pitting or line |circumferential line ort wall thickness
corrosion strip, or isolated craters OR
or pits that are almost
connected (se&Figure B.4) |If the wall thickness is less than the | Dependent on outqome
minimum design wall thickness, of Table B.3 or renfler
see Table B.3 requirements unserviceable
a  If the botitom of the defeet\cannot be seen and if its extent cannot be determined using appropriate equipmenf, the

PSS is
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Table B.2 (continued)

Rejection criteria in accordance Repair or render
with Clause 92 unserviceable

If the diameter of the pits is greater
than 5 mm, refer to the “local
corrosion” row.

Type of corrosion Definition

If the diameter of the pits is less
than 5 mm, the cylinders should be |Repair possibleb, ¢
assessed as carefully as possible in
order to check that the

Corrosion forming isolated
< remalning tnickness orine wdll or

Isolated pits craters, without significant |, cq; .
) ’ ; ase is adequate for the intended QJ
alignment (see Figure B.5) | ;se of the cylinder. N

OR ,Cb’

)\cceptanc b /rejection
If the wall thickness is less thaly\f-b dependentjon
minimum design wall tthle requiremepnts of
see Table B.3 requ1remen Table B.3 dr render
unservicegble
Cor_rosmn as§0c1ated with If, after thorough c ?nmg, the depth
) . taking place in, or . .
Crevijice corrosion . : ofpenetratlon s 20 % ofthe |Repair pogsible ¢
immediately around,
minimum de wall thickness

an aperture

a  [f the bottom of the defect cannot be seen and if its extent cafﬁrgt be determined using appropriate efjuipment, the
cylinfler shall be rendered unserviceable in accordance with Claii;@ﬁS

b After repair, a cylinder shall meet the requirements gi §’§r lauses 9,10, and 11.
¢ Repair is possible provided that, after repair by a 5‘\@ e metal removal technique, the remaining wajl thickness is
consistent with the requirements of Table B.3.

&?\ Figure B.1 — Cut or gouge
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Figure B.2 — Crack
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Figur
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stamlpings and runs down
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is cod

A MYJ

end for tubes), pr:

the c
Figu

The

B3 Technical basis for establishing maximum @wable imperfection sizes

Figure B.5 — Isolated pits

Ay
O
es B.1 to B.5 apply to both seamless steel and seamless alé(u'

ium-alloy cylinders.

.evel III operator shall be knowledgeable abo

thﬁB:e entire content of ISO/TR 22694
ving requirements are correctly applied.

 B.3 is a summary of criteria relevant to
e criteria apply only to work being perf
Fundamental figures used in the de &

1% 0

and needs to be read in conjunction wi

ed using ultrasonic testing in accordance w

ment of this table are Figures B.6 and B.7, w
y cylinders, respectively.

less steel and seamless aluminiu

t from where a flaw can otted. This reference line is centred on the cylinder ig
ng axis of the cylinder. The flaw location is the distang
endicular and direc from the “X” line to the centre of the flaw (where “-“is clock

ti
inter-clockwise w@acmg to read the stamp marking information).

reference poi all be the shoulder of the cylinder (from the marked specification/se
ing a longitudinal orientation from where a flaw can be plotted down 1
aw location is the distance measured from the shoulder to the centre of

h provides an example of an “X” reference point and a “Y” reference point.

ylinde
e B.8,

it

accur

by UT
so that the
th Table B.2.

ith 14.4. The
hich refer to

” reference line for flaw location shall be used providing a circumferential orientati¢n reference

lentification
e measured
wise and “+”

rial number
he length of
he flaw. See

e equivalent

g\lzzatlon may be identified by an alternative method, as long as it provides th¢
and repeatability.

The user of this document can be required to use imperfection sizes that are less than those shown in
Table B.3 as maximum allowable imperfection sizes.
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Table B.3 — Maximum allowable imperfection sizes for UT acceptance/rejection

Linear flaws

Sidewall-to-base

700 mm?2 and
depth less than
or equal to
0,10 tpy

equal to 30 mm and
depth less than or
equal to 0,10 ty,

less than or equal to
100 mm: maximum
diameter 5 mm and
maximum depth 0,15 ¢ty

For cylinderswith OD
greater than 100 mm

but less than or equal to
300-mm: maximum diam-
eter 10 mm and maximum
depth 0,15 ¢y,

Specification Area ?f (line corrosion, Isolated pit transition
corrosion - .
cracks, etc.) (inside diameter only)
Seamless steel cylindersa
IS0 9809-1, Arealessthan |Length lessthan or For cylinders with outer  |Length less than or equal
IS0 9809-2, 1000 mm? equal to 100 mm and |diameter (OD) less than or |to 25 mm and depth less
IS0 9809-3 and depth less |depth less than or equal to 100 mm: than or equal to 0,10 ty,
than or equal to |equal to 0,10 ¢, maximum diameter 5 mm
0,10 tpy and maximum depth
0,33 tTh
For cylinders with OD
greater than 100 mm
but less than or equal to
300 mm: maximum diam-
eter 10 mm and maximum
depth 0,33 tyy
Seamless aluminium-alloy cylinders
ISO 7866 Arealessthan |Length lessthan or For cylinders with OD N/A

If corrosion o

than the mini
complete desd

damage has reached limits of depth or extéert.of the values in this table, the remaining wall thickness s
be checked wijith an ultrasonic device. With the authotization of the competent authority, the wall thickness may b
mum design wall thickness, e.g. small (depth and extent) isolated pits (see Figure B.5), area corrosion. A
ription of such imperfections has been evaluated in ISO/TR 22694, which may be used as guidance.

a  All seamlpss steel cylinders that fail the design minimum wall thickness shall not be used in embrittling gas serv

hould
b less
more

ce.
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Key
X :I:aw length, in mm R  reject

Y aw depth ratio (a/t), in percent A ~@ccept

SOURCE: ISO/TR 22694:2008, Figure 19.

Figure B.6 — Maximum allowable imperfection sizes for seamless steel cylinders df various
compositions
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Key

X  flaw length, mm R reject \\}\‘\
Y flaw depth ratio (a/t), in percent A acce’%\@
1 15mm $

2 30mm 4\@

3 100 mm

SOURCE: ISOfTR 22694:2008, Figure 24. C)\\

Figure B.7 — Maximum allowabltﬁerfection sizes for seamless aluminium-alloy cylindprs

@)
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et
- > <
5 4
Key
1 identification stamp markings
2 X“+” measurements
3 X “-” measurements
4 Y measurement to flaw centre
5 Yreference point
6  Xreference line

Figure B.8 — Example of X and'Y reference points for flaw location

B.4 | Neck and shoulder cracks

B.4.1 General

Reje¢t cracks in accordanee with Table B.1.

B.4.2 Neck cracks

Somg¢ cylinders with taper threads can be subject to neck cracks. After cleaning in a suitabld way, cracks
can he detected by visual inspection. Figure 4 shows the location and likely propagation of such cracks.
NecK cracks:should not be confused with tap marks, which normally are visible parallel lijes. Figure 5
shows tap'marks.

B.4.3 Shoulder cracks

Some cylinders can be subject to shoulder cracks. These cracks might start from folds in the internal
shoulder area and propagate into the threaded area or shoulder of the cylinder. Hence, this lower
threaded area of the neck shall be very carefully inspected. Figure B.9 shows where shoulder cracks
start and how they propagate.
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Key
1 shoulder
2 shoulder

Figures 4 an

I

crack propagating into the threads
cracks

Figure B.9 — Shoulder cracks

d B.9 apply only to seamless aluminium-alloy cylinders.
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Annex C
(informative)

List of gases corrosive to cylinder material

Table C.1 — Gases corrosive to cylinder material

Gas name Chemical formula | UN class or division | Subsidiaryrisk
Boron trichloride BCl3 2.3 8
Boron trifluoride BF3 2.3 8
Chlorine Cly 2.3 8
Dichlorosilane SiH>Cl; 2.3 2.1,8
Fluorine F» 2.3 51,8
Hydrogen bromide HBr 2.3 8
Hydrogen chloride HCl 2.3 8
Hydrogen cyanide HCN 6.1 3
Hydrogen fluoride HF 8 6.1
Hydrogen iodide HI 2.3 8
Methlybromide CH3Br (R40B1) 2.3 —
Nitric oxide NO 2.3 5.1,8
Nitrogen dioxide N2O4 2.3 51,8
Phosgene COClg 2.3 8
Silicon tetrachloride Si€ly 8 —
Silicon tetrafluoride SiF4 2.3 8
Sulfur tetrafluoride SF4 2.3 8
Trichlorosilane SiHCI3 4.3 3,8
Tungsten hexafluoride WFg 2.3 8
Vinyl bromide C2H3Br (R1140B1) 2.1 —
Vinyl chloridé C2H3CI (R1140) 2.1 —
Vinyl fluoride C2H3F (R1141) 2.1 —
Not all.mixtures containing these gases are corrosive.
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