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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

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

The main tagk of technical committees is to prepare International Standards. Draft International Stanflards
adopted by fthe technical committees are circulated to the member bodies for voting. Rublication gs an
International|Standard requires approval by at least 75 % of the member bodies casting a.vote.

Attention is qrawn to the possibility that some of the elements of this document may-be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10461 was prepared by Technical Committee ISO/TC 58, Gas~c¢ylinders, Subcommittee BC 4,
Operational fequirements for gas cylinders.

This second| edition cancels and replaces the first edition (ISO 10461:1993), which has been techrfically
revised.

iv © ISO 2005 — All rights reserved
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Introduction

The principal aim of a periodic inspection and testing procedure is to be satisfied that at the completion of the
inspection and test, the cylinders (single or those from bundles) can be reintroduced into service for a further
period of time.

The inspection and test are to be carried out only by persons who are authorized under the relevant
regulations and campetent in the subject to assure all concerned that the cylinders are fit for continued safe

use.

The fesults of inspection and testing for the cylinders that are specified in this Internatiopal Standard
determine whether a cylinder should be returned to service.

© 1SO 2005 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 10461:2005(E)

Gas cylinders — Seamless aluminium-alloy gas cylinders —
Periodic inspection and testing

1 Scope

This [International Standard deals with seamless aluminium-alloy transportable gas cylinders
compressed and liquefied gases under pressure, of water capacity from 0,51 to 150 I; it also‘app
pract|cal, to cylinders of less than 0,5 | water capacity.

This |nternational Standard specifies the requirements for periodic inspection and testing to verify
of sugh gas cylinders for further service.

This
comy

International Standard does not apply to periodic inspection and testing of acetylene
osite cylinders with aluminium-alloy liners.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO ¢

ISO 1
contd

ISO 1

ISO

ISO

3 Intervals between periodic inspections and tests

A cyl
intery
Dang
Anne

13341, Transportable gas cylinders — Fitting of valves to gas cylinders

13769, Gas cylinders ——Stamp marking

ormative references

nces, only the edition cited applies. For undated réferences, the latest edition of th
ment (including any amendments) applies.

0712, Non-destructive testing — Qualification and-certification of personnel

1114-2:2000, Transportable gas cylindersy— Compatibility of cylinder and valve mater
nts — Part 2: Non-metallic materials

1621, Gas cylinders — Procedures for change of gas service

nder shall bedue for a periodic inspection and test on its first receipt by a filler after the
al in accordance with the requirements of the United Nations Recommendations on the
erous_Goods, Model Regulations or as specified by national or international authorities (seg
X A,

intended for
ies, as far as

the integrity

cylinders or

t. For dated
b referenced

als with gas

expiry of the
Transport of
examples in

Provided the cylinder has been subjected to normal conditions of use and has not been subjected to abusive
and abnormal conditions rendering the cylinder unsafe, there is no general requirement for the user to return a
gas cylinder before the contents have been used even though the periodic inspection and test interval may

have

lapsed.

It is the responsibility of the owner or user to submit the cylinder for a periodic inspection and test within the
interval specified by national or international authorities, or as specified in the relevant cylinder design
standard if this is shorter.

© IS0
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4 List of

procedures for periodic inspections and tests

Each cylinder shall be submitted to periodic inspections and tests. The following procedures, where applicable,
form the requirements for such inspections and tests and are explained more fully in later clauses:

identification of cylinder and preparation for inspections and tests (Clause 5);

depressurization and de-valving procedures (Clause 6);

visual inspection (Clause 7);

a)

b)

c) external
d) checko
e) supplem
f)  inspecti
g) pressure
h) inspectic
i) cylinder
i) final ope
k) rejection
It is recomm

internal conag
the ultrasoni

Cylinders th3g
procedures,
confirm its sy

Depending o

The inspecti
authorized u

Mechanical
maximum te
(see 14.2.2).

5 Identif

Internal condition (Clause 8J;

entary tests (Clause 9);

n of cylinder neck (Clause 10);

test or ultrasonic examination (Clause 11);

n of valve and other accessories (Clause 12);
repairs (Clause 13);

rations (Clause 14);

and rendering cylinders unserviceable (Clause 15).

ended that these procedures be performed in_the sequence listed. In particular, the cheg
ition (Clause 8) should be carried out before.the pressure test or, although not required, b
examination (Clause 11).

t fail an inspection or test shall be rejected (see Clause 15). Where a cylinder passes the 2
but when the condition of the cylinder remains in doubt, additional tests shall be perform
itability for continued service (see Clause 9) or the cylinder shall be rendered unserviceable

h the reason for the rejection,)some cylinders may be recovered (see Annex B).

pns and tests shall_be) carried out only by persons who are competent in the subjec
nder the relevant regdlations.

properties ofHaldminium-alloy cylinders can be affected by heat exposure. Therefore

ck of
efore

bove

ed to

and

, the

mperature for-any operation shall be limited according to the manufacturer's recommendations

cation of cylinder and preparation for inspections and tests

Before any work is carried out, the relevant cylinder data (e.g. see ISO 13769) and its contents and ownership
shall be identified (e.g. from the labelling and stamping). Cylinders with incorrect or illegible markings or
unknown gas contents shall be set aside for special handling.

6 Depressurization and de-valving procedures

6.1

General

Cylinders to be internally inspected or tested by a pressure test are required to be depressurized and de-
valved. Cylinders not internally visually inspected and tested by ultrasonic examination do not require

complete depressurization and de-valving unless the ultrasonic examination

indicates there

unacceptable flaw present and the inspector wishes to further investigate (see 11.4.6).

is an

© ISO 2005 — All rights reserved
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Cylinders requiring depressurization

Cylinders shall be depressurized in a safe, controlled manner before proceeding. Particular attention shall be
given to cylinders containing flammable, oxidizing, corrosive or toxic gases to eliminate risks at the internal
inspection stage.

Before removing any pressure-retaining accessory (valve, flange, etc.), a positive check shall be performed to
ensure that the cylinder does not contain any gas under pressure. This can be performed as described in
Annex C using a device such as shown in Figure C.1.

Cylinders with inoperative or blocked valves shall be treated as outlined in Annex C.

Simil

tee jlinctions shall also be checked to determine whether the gas is able to pass freely from

using

Provi
safel

6.3
Cylin
For c

7 1
7.1

Ifac
shall
produ
wate
many
used
times

If fus
preve

appli

the npanufacturer shall be consulted before the cylinder is returned into service and the necess

inspe

7.2

arly in the case of cylinders disassembled from bundles not equipped with cylinder valves,/th
for example the device shown in Figure C.1.

ded the requirements previously stated have been complied with, the cylinder shall be d
and the valve shall be removed.

Cylinders not requiring de-valving
Hers shall be depressurized below 5 bar to perform ultrasonic examination.

ylinders being inspected by the ultrasonic method, refer to Clause 8.

External visual inspection
Preparation for external visual inspection

ylinder's external condition prevents or hinders a proper visual inspection of the surface, the
be prepared before the inspection. The, cylinder shall be cleaned and have all loose coatin

jet abrasive cleaning, chemical cleaning or other suitable methods (see Annex D or consul
facturer). Alkaline solutions and-paint strippers that are harmful to aluminium and its alloys
The method used to clean the'cylinder shall be a validated, controlled process. Care shall i
to avoid damaging the cylinder or removing excess amounts of cylinder wall (see Annex B),
ed nylon, polyethylene.or a similar coating has been applied and the coating is seen to be @
Cation of heat at-a-temperature exceeding the limits specified in 14.2.2 or shows signs of h

ctions carried-out.

Inspection procedure

The external surface of each cylinder shall then be inspected for

e connecting
the cylinders

epressurized

n the cylinder
gs, corrosion

cts, tar, oil or other foreign matter remaoved from its external surface by a suitable method, ¢.g. brushing,

t the cylinder
shall not be
e taken at all

amaged or it

nts a proper inspéction, then the coating shall be stripped. If the coating has been renmoved by the

eat damage,
bry tests and

a) dents, cuts, gouges, bulges, cracks, laminations or excessive base wear;

b) heat damage, torch or electric-arc burns (as specified in Table B.1);

c) corrosion (as specified in Table B.2);

d) other defects such as illegible, incorrect or unauthorized stamp markings, or unauthorized additions or
modifications; and

e) integrity of all permanent attachments (see B.2).

© IS0
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When inspecting for corrosion [see c)], special attention shall be given to areas where water could be trapped.
These include the entire base area, the junction between the body and the foot ring and the junction between
the body and the shroud.

For rejection criteria, see Annex B. Cylinders no longer suitable for future service shall be rendered

unserviceable (see Clause 15).

8 Check

of internal condition

Cylinders shall be inspected internally to complete periodic inspection and testing requirements.

When the va

For cylinders
as specified

cylinders sus
alloy, the shq
methods, sug

For cylinders
similar to tho
presents min
may obstruc
matter or sig

flailing, steam jet, hot water jet, chemical cleaning, blasting with glass beads or other suitable method

Annex D or
shall be avoi
Alkaline solU
method used
avoid damag
cleaning is re

For cylinders
following alte

Ve IS removed, an internal visual inspection shall be performed.

n 11.4.4.2.2 are used for calibration, the valve need not be removed. However, for aluminiu

ulder and neck area shall be internally visually inspected; alternative non-destructive exami
h as eddy current or ultrasonic examination, may be used if approved by the competent autho

that are internally visually inspected, adequate illumination shall be used to identify any dg
se listed in 7.2 a) and 7.2 c¢). Precautions shall be taken to ensure that the method of illumir
imum safety risk to the inspector while performing this operationAny internal liner or coatin
optimum internal visual inspection shall be removed. Any cylinder showing presence of fg
ns of more than light surface corrosion shall be cleaned internally by water jet abrasive clea

consult the cylinder manufacturer). Blasting with material other than aluminium or glass &
Hed; hard media could embed itself in the aluminium™and result in contamination of the con
tions and paint strippers that are harmful to aluminium and its alloys shall not be used
to clean the cylinder shall be a validated, controlled process. Care shall be taken at all tim
ing the cylinder or removing excess amounts of cylinder wall in accordance with Annex
quired, the cylinder shall be re-inspected-after the cleaning operation.

rnative methods may be substituted-for the internal visual inspection.

being examined by the ultrasonic method in lieu of the pressure test and when reference notches

alloy

ceptible to sustained-load cracking, such as those manufactured from IAA 6351A or IAA §082A

ation
ity.

fects
ation
j that
reign
ning,
(see
eads
ents.
The
es to
B. If

of non-corrosive gases and < 0,5-Kwater capacity with an internal neck diameter <9 mn, the

— Looking|for free moisture at the time of degassing the cylinder whilst in an inverted position and piior to
valve removal. If any moisture is present, the cylinder shall be rendered unserviceable.

— Looking|for contamination, €@. in the water used after the hydraulic test. If contamination is obserjed in
the hydrpulic test fluid, thé-Cylinder shall be rendered unserviceable.

9 Supplémentary tests

Where there|is doubt concerning the type and/or severity of a defect found on visual inspection, addifional

tests or methods. 'of examination shall be applied, e.g. ultrasonic techniques, check weighing or [other

non-destruct

ve-tests

When a hardness test is performed (e.g. see ISO 6506) or an alternative method is used (e.g. conductivity), it
shall meet at least the minimum required design hardness value. An alternative method may only be used if it
was employed at the time of cylinder manufacture, approved for use by the authorized body, and results and
approval recorded accordingly. When this value is not known, the cylinder shall be hardness tested both
before and after the stoving operation, and there shall be no appreciable decrease in the hardness value. All
hardness tests shall be performed on the parallel section of the cylinder, taking adequate care to ensure deep
impressions are not formed and deflection of the sidewall does not occur.

© ISO 2005 — All rights reserved
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10.1
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nspection of cylinder neck

Cylinder to valve threads

When the valve is removed, the cylinder to valve threads shall be examined to identify the type of thread (e.g.
see ISO 11191 for 25E) and to ensure that they are

— clean and of full form,

— free of damage,

— free of burrs,

— free of cracks — examine thoroughly for evidence of cracks (see Annex B),

— free of other imperfections, e.g. corrosion.

Crac
Figur
Sped|
other

10.2

Othe
Anne

10.3

s manifest themselves as lines that run vertically down the thread and across the threal
e B.6). They should not be confused with tap marks (thread machining _stop marks) (see
al attention shall be paid to the area at the bottom of the threads forthe’ detection of shoul
defects (see Figure B.8).

Other neck surfaces

" surfaces of the neck shall also be examined to ensureythey are free of cracks or other
X B).

Damaged internal neck threads

Whete necessary and where the manufacturer orthe competent design authority confirms that

the n
effec
ISO 1

10.4

ive threads. After re-tapping, the threads shall be checked with the appropriate thread
1191 for 25E threads.

Neck ring and collar attachment

Whe

a neck ring/collar is attached, an examination shall be carried out to ensure that it is s

inspgct for external thread'damage. A neck ring shall only be changed using an approved prog
found that any significant damage to cylinder material has occurred by replacement of the neck r
cylinger shall be rendered unserviceable. If the neck ring has been reattached by welding or|
cylinder shall be rendered unserviceable.

11

ressure‘test or ultrasonic examination

11.1| General

d faces (see
Figure B.7).
er cracks or

defects (see

he design of

eck permits, threads may be re-tapped only by competent persons to provide the approprigte number of

gauge, e.g.

bcure and to
edure. If it is
ng/collar, the
brazing, the

Each

cylinder shall be submitted to either a pressure test or an ultrasonic examination.

WARNING — Appropriate measures shall be taken to ensure safe operation and to contain any
energy released. It should be noted that pneumatic pressure tests require more precautions than
hydraulic pressure tests since, regardless of the size of the container, 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 satisfy the safety requirements.

Each cylinder subjected to a hydraulic pressure test shall use a suitable liquid, normally water, as the test
medium. The hydraulic pressure test may be a proof pressure test or a volumetric expansion test as appropriate
to the design specification of the cylinder. The hydraulic proof pressure test may be replaced by a pneumatic

© IS0
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proof pressure test. Having decided to use one particular type of test, its result shall be final. The test pressure
shall be in accordance with the stamp markings of the cylinder.

Once a cylinder has failed one of the above-mentioned tests, none of the other test methods shall be applied to
approve the cylinder.

11.2 Proof

pressure test

11.2.1 Preamble

The following proposes a typical method for carrying out the test. Any cylinder failing to comply with the

requirementg

This test requiires that the pressure in the cylinder be increased gradually until the test pressure is reached.

cylinder test
which time th
precautions {

11.2.2 Test

11.2.21
the test equi
of any cylind

11.2.2.2
appropriate {
calibrated m
shall be calif]
test pressure
the pressure

11.2.2.3
procedures §

11.2.2.4

11.2.2.5
subjected to

11.2.3 Test
11.2.3.1

If individual
retested.

N

11.2.3.2

of aproof pressure teststattbeTendered unserviceabte:

pbressure shall be held for at least 30 s with the cylinder isolated from the pressure, source, ¢
ere shall be no decrease in the recorded pressure or evidence of any leakage.(Adequate
hall be taken during the test.

pquipment

Al rigid pipe work, flexible tubing, valves, fittings and components forming the pressure syst
bment shall be designed to withstand a pressure of at least 1,5 times the maximum test pre
er that could be tested.

Pressure gauges shall be to Industrial Class 1 (+ 1 % deviation from the end value) with a
o the test pressure (e.g. EN 837-1 or EN 837-3). They shall be checked for accuracy aga
hster gauge at regular intervals and in any case not’less than once a month. The master g
rated in accordance with national requirements. The& pressure gauge shall be chosen so th
gauge.

[he design and installation of the equipment, the connection of the cylinders and the ope
hall be such as to avoid trapping airin:the system when a liquid medium is used.

Al joints within the system shallbe leak tight.

A\ suitable system control(device shall be fitted to the test equipment to ensure that no cylin
A pressure in excess of its test pressure by more than the tolerances specified in 11.2.3.3.

criteria

flore than one cylinder may be tested at a time provided that they all have the same test preg

The
uring
afety

bm of
ssure

Scale
nst a
auge
ht the

is between approximately one-third and two-thirds of the value capable of being measurg¢d on

ating

der is

sure.

est points ‘are not used, then in case of leakage all cylinders being tested shall be individlually

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

11.2.3.3
by 3 % or 10

11.2.3.4

bar, whichever is lower.

for a minimum period of 30 s.

11.2.3.5

If there is a leakage in the pressure system, it shall be corrected and the cylinders retested.

The pressure applied shall not be below the test pressure and shall not exceed the test pressure

On attaining the test pressure, the cylinder shall be isolated from the pump and the pressure held

© ISO 2005 — All rights reserved
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11.2.4 Acceptance criteria

During the 30 s hold period the pressure as registered on the pressure gauge shall remain constant.

There shall be absence of visible leakage on the entire surface of the cylinder. This check can be made during
the 30 s hold. There shall be no visible permanent deformation.

11.3

Hydraulic volumetric expansion test

Annex E proposes typical methods for carrying out the test and gives details for determining the volumetric
expansion of seamless aluminium-alloy gas cylinders by the preferred water jacket method or the non-water

jacke
The

fixed
witho

The
press

test
be re

1.4
11.4.
The

pipes
the b
11.4.

The

framgwork of periodic inspections may be\carried out in lieu of the tests specified in 11.2 and 11.3.

11.4.

11.4.

The ¢

vater jacket volumetric expansion test shall be carried out on equipment with a levelling’b
burette or with a weigh bowl. Care should be taken that the entire external surface of.the c
ut any bubbles.

ure shall not exceed the percentage given in the design specification after the cylinder has
ressure for a minimum period of 30 s. If this figure for permanent expansidn)is exceeded, the
ndered unserviceable.

Ultrasonic examination

1 Background

Lltrasonic examination on gas cylinders as described,below is based on the ultrasonic ex
according to ISO 9305, ISO 9764 and ISO 10543.:The special geometrical features of gas
bundary conditions for periodic inspections have beeh taken into account.

R Scope

Illtrasonic examination (UE) of seamless-aluminium-alloy gas cylinders (water capacity > 2

B Requirements
3.1 General

ylindrical part of the-Cylinder, the transition to the shoulder, the transition at the base and cri

the b
For

IAA 351 or IAAB082 alloy, the transition area from the shoulder to the neck shall be examined
an examination device is not able to do this outside the cylindrical part, a supplementary manua
shall be perfermed.

Cylingers that are suspected of fire or heat damage shall not be examined ultrasonically.

ase shall be examined ultrasonically with the help of an automated examination device (e
luminium-alloy“eylinders susceptible to sustained-load cracking, such as those manuf

orized body.
irette, with a
ylinder is wet

permanent volumetric expansion of the cylinder expressed as a percentage of-the total expgnsion at test

been held at
cylinder shall

amination of
cylinders and

I) within the

ical zones of
g. Figure 1).
actured from
. When such
examination
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Key

1 ultrasonic
2 ultrasonic
3 cylinder m

Figure 1 — Examples of two types of ultrasonic examination devices for gas cylinders

11.4.3.2 E»

The installat

oving

transducers
Such an inst

adjacent tra£

Other arrang
detected.

‘—Q:

amination equipment

1
o B
L 3
2
o =

3

examination transducers moving
examination equipment

Key

L1,L2 longitudinal transducers
T1, T2 transverse transducers

on shall be able to scan the whole)surface of the cylindrical part of the cylinder, includin
sitions to the base and shoulder. An examination system shall have a number and ty|
nd different beam directions-required to identify all the reference features in the calibration piece.
llation may have five or mare ultrasonic transducers suitably arranged (e.g. Figure 2).

ements of transducers-may be possible provided that longitudinal and transverse defects ¢

g the
be of

hn be

O G- @0

W wall thickness transducer

Figure 2 — Examples of the arrangement of transducers
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Any ultrasonic method (e.g. the pulse echo, guided wave) that demonstrates the ability to detect defects and
to measure wall thickness shall be used. The most common techniques used today are the contact or the
immersion type. Other techniques may be used. See Figure 3 as an example.

a

Key

1 transducers
2 cylinder

a  \Water.

The pylinder wall shall be examined using UE transducers capable of detecting the specifie
notctles. The examination shall cover longitudinal*defects in both circumferential directions (c
counter clockwise) and transverse defects in both longitudinal directions (forward and backward)

these

The pylinder wall shall be examined ‘using UE transducers capable of detecting the specif

guarg
be +4

thickmess.

The
trans

during calibration.

The (lltrasonic-examination unit shall have a screen capable of depicting the various defects p
calibfation eylinder. The installation shall have an automatic alarm when a fault signal (defq

mini

its adcuracy is maintained. See Figure 4.

b
AR

Figure 3 — Examples of coupling techniques

defects to be located on the internal and éxternal surfaces.

nteed wall thickness using a ngrmal transducer (angle of refraction 0°). The accuracy of the|
% or £0,1 mm, whichever is.greater. The inaccuracy shall be taken into account when veri

ylinders to be examined and the search unit with the transducers shall go through a rotatin
ation relative to one another. The speeds of translation and rotation shall not exceed the

d calibration
ockwise and
and consider

ed minimum
system shall
fying the wall

j motion and
speed used

resent in the
ct or below-

umy guaranteed wall thickness) is registered that alerts the operator for each transducer t¢ ensure that

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

transducer

specimen wall

examination signal trace from calibration specimen wall
ence notch

examination signal trace from inner reference notch
ence notch

examination signal trace from outer reference*netch

Figure 4 —'Flaw alarm examples

anual ultrasonic unit

Key

T1 transverseg
1 screen

2 calibration
3 ultrasonic
4 inner refe
5 ultrasonic
6 outer refe
7 ultrasonic
8 alarm leve
11433 M
The require
the unit.

ents in 11.4.3.2 shall‘apply as appropriate for the selection of the transducers and servic

11.4.3.4 Cylinders

ng of

The outer and inner strfaces of any cylinder to be examined ultrasonically shall be in a suitable conditipn for

an accurate pnd reproducible test. In particular, the external surface shall be free of corrosion, non-adh
paint, dirt ang oill An ultrasonic examination is only meaningful when the noise signals caused by the su

are at least 0% below the corresponding reference signal.

ering
rface

11.4.3.5 Personnel

The examination equipment shall be operated and its operation supervised by qualified and experienced
personnel only, as defined in ISO 9712. The tester may be certified to 1SO 9712 Level | for ultrasonic
examination; however, the Level | operator shall be supervised by a Level |l operator. The testing organization
shall retain a Level lll operator (company employee or a third party) to oversee the entire ultrasonic
examination programme.

10
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11.4.4 Calibration
11.4.41 General

Calibration of the UE defect examination and wall thickness measurement shall use a calibration specimen
with notches. A specimen of convenient length shall be prepared from a cylinder representative of the cylinder
to be tested with the same nominal diameter, wall thickness, external surface finish and material with similar
acoustic properties as the cylinder under test. The standard reference (reference cylinder or calibration
cylinder) shall have a known minimum guaranteed wall thickness (z,,) that is less than or equal to the cylinder
under test.

11.4.4.2 Defect detection

11.4.4.2.1 UE notch requirements and dimensions
For manual and mechanized defect examination purposes, a minimum of four fectangular|notches are
required as reference notches in the calibration specimen, (see e.g. Figure 5). Thexnotches can|be produced
eithef by means of electrical erosion or sawing, or by machining. The bottom coerners of the notch may be
rounded. The notches shall be located such that there is no interference from.any other defect in the reference
standard. The form and dimensions of the reference standard shall be verified. The four notcheg shall be as
follows:

— ihner notch in longitudinal direction;

— ihner notch in transverse direction;

— ¢guter notch in longitudinal direction;

— quter notch in transverse direction.

They|shall have the following dimensions in each case:
Length L: 50 mm;

Depth D: less than or equal40,10 % of actual measured wall thickness S of the calibration piece located
in the sidewall.at)a location that does not exceed 115 % of the minimum gugranteed wall

thickness with‘an absolute minimum of 0,2 mm and an absolute maximum of 2 mm;

Width w: <2D.

© IS0 2005 — All rights reserved 1
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Q L
L
W
Q L
1
2
o7
Key
1 outer notch
2 inner notch
L length of potches: 50 mm
D depthof notches: <10% S
W width of nptches: < 2D
t, actual mepsured wall thickness
Figure 5 — Examples of reference notches
11.4.4.2.2 Internal inspection notch requirements
When using pltrasonic examination;in lieu of an internal visual inspection as specified in Clause 8, one

following ref¢rence notch groupings shall be required.

— Internal
that the

— 10% in

for the

wall thic

:2005(E)

ongitudinaland transverse reference notches with the dimensions as previously specified, e
Hepth shall*be (5 + 1) % of the minimum guaranteed wall thickness.

rnal longitudinal and transverse reference notches with the dimensions as previously spe
Grnotches and a flat bottom hole (FBH) with a depth of one-third of the minimum guara

bf the

xcept

cified
hteed

Figure 6).
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TS

Key

Figure 6 — Typical flat bottom hole (FBH) notch
11.4.4.2.3 Calibration procedures

During the calibration procedure, the ultrasonic examination 'equipment shall be adjusted in sugh a way that
the amplitude of the echoes from the reference notches equals the alarm level (see e.g. Figure 7). This alarm
level|shall be set to at least 50 % of the screen height. On automated systems, this step shall be performed
dynapically. This sensitivity is the reference sensitivity.

Key

armdevel
gnal of reference notch

-
n Q

Figure 7 — Reference notch amplitude

11.4.4.3 Wall thickness

To calibrate the manual and mechanized wall thickness measurement, a local thin area (LTA) 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.

The minimum guaranteed wall thickness of the gas cylinder known from the type approval is set as the alarm
level in the evaluation unit of the ultrasonic wall thickness measuring device.
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11.4.4.4 Frequency of calibration

The UE equipment shall be calibrated at least at the beginning and at the end of each operator shift,
regardless of length, and any time equipment is changed (e.g. change of transducer). Calibration shall also be
undertaken at the end of operations that are of a duration less than that of a normal shift. If, during the
calibration, the presence of the respective reference notch is not detected, all cylinders examined
subsequently to the last acceptable calibration shall be re-examined after the equipment has been
recalibrated.

11.4.5 Performance of the examination

11.4.5.1 Defee

The cylindrical part of the cylinder and the transitions to the shoulder and to the base shall be examingd for
longitudinal and transverse defects using an automated examination device.

The pulse repetition rate of the transducers, rotational speed of the cylinder, and axial speed of the scahning
head shall bg¢ mutually adjusted in such a way that the system is capable of locating all of\the calibration flaws.
At no time shall the speeds used during calibration be exceeded during the examination. It shall be engured
that the syst¢m provides 100 % coverage of the surface being examined. When applicable, e.g. a helix-jased
system, at lepst 10 % overlap shall be guaranteed.

11.4.5.2 Whll thickness measurement by automated installation
The cylindricpl part shall be examined 100 % for wall thinning.

11.4.6 Interpretation of results

Gas cylinders examined to the examination sensitivity in acecordance with 11.4.4.2 and 11.4.4.3 whefe no
defect signall above the alarm level has been recorded have passed the examination. Where a defect gignal

above the alarm level (defect or below minimum guaranteed wall thickness) has been recorded (se¢ e.g.
Figure 8), the cylinder shall be re-evaluated in accordance with Annex B or scrapped.

Key

T2 transverse transaucer

screen

cylinder wall

ultrasonic examination signal from cylinder wall
crack on internal surface

ultrasonic examination signal from crack

region of signals from cracks on internal surface
region of signals from cracks on external surface
alarm level

O~NO O~ WN -

Figure 8 — Detection of crack in transverse direction
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11.4.7 Records

In addition to the required records as specified in 14.7, the following information shall be recorded.
a) Identification of ultrasonic equipment used.

b) Serial number or unique identification of the calibration cylinder used.

¢) Ultrasonic examination symbol.

d) Results of examination. If subsequent evaluation according to 11.4.6 and Annex B requalify the cylinder,
HIU 'uaaia Uf IUqud“ﬂbdt;Ull Dild” bU lUbUIdUd.

12 Inspection of valve and other accessories
If a Malve or any other accessory is to be reintroduced into service, it shall be inspgCted and maintained to

ensufe that it will perform satisfactorily in service and meet the requirements of\gas tightness from valve
manufacturing standards, e.g. ISO 10297. An example of a suitable method is given in Annex F.

13 Cylinder repairs

Any ¢peration that could result in loss of wall thickness to below minimaum guaranteed wall thickpess shall be
completed before the inspection and testing procedure (see AnnexB).

14 Final operations

14.1| Preparation for change of service
When the cylinder is being prepared for final identification for future service, it shall be ensyred that any
residpal gas in the container is compatible with the new gas service (see Clause 6 for depressurization
requirements and ISO 11621).

14.2| Drying, cleaning, painting and coating
14.2.1 Drying and cleaning

The interior of each acceptable (passed) cylinder shall be thoroughly dried by a suitable method immediately
after hydraulic pressure {esting so there is no trace of free water (see 14.2.2 for maximum tempefature values
to bel used, if applicable).” The interior of the cylinder shall be inspected to ensure that it is dry and free from
otherfcontaminants-:

14.2.p Painting)and coating

Cylinders. are sometimes repainted using paints that require stoving. Plastic coatings may also pe reapplied.
Painf{and coating shall be applied so that all cylinder markings remain legible.

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 the cylinder exceed that recommended by the manufacturer since
overheating could change the mechanical properties of the cylinder.

Cylinders manufactured from heat-treatable aluminium alloys shall not be heated to temperatures exceeding
175 °C unless the cylinder manufacturer recommends otherwise. Only responsible organizations that can
properly 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.

© 1SO 2005 - All rights reserved 15


https://standardsiso.com/api/?name=0e570c7a6dde1939dc23f77b496b9000

ISO 10461:2005(E)

Unless otherwise recommended by the cylinder manufacturer, for cylinders manufactured from non-heat-
treated alloys (e.g. AA5283), the maximum temperature shall not exceed 80 °C. For temperatures between
70 °C and 80 °C, the exposure time shall be limited to 30 min. 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 further use of the cylinder.

14.3 Re-valving of the cylinder

Before re-valving the cylinder, the thread type shall be identified. The appropriate valve shall be fitted to the
cylinder using a suitable sealing material. An optimum torque necessary both to ensure a seal between the
valve and the cylinder and to prevent over-stressing the neck shall be used as specified in ISO 13341.

The torque applied shall take into consideration the size and form of the threads, the material of the yalvg and
the type of |sealing material used according to the manufacturer's recommendations. Where_the’ upe of
lubricants/sepling material is permitted, only those approved for the gas service shall be -used, tgking
particular care for oxygen service (see ISO 11114-2).

14.4 Check on cylinder tare

The requirenpent shall apply only to cylinders for liquefied gases. However, it may.be applied to any cyl|inder
when there |s doubt. The tare of the cylinders shall be obtained by weighingion a scale calibrated with
traceability t¢ national or international standards. The weigh scale shall be hecked for accuracy on a|daily
basis. The capacity of the weighing scale shall be suitable for the tare of the appropriate cylinders.

The tare is the sum of the empty weight plus the mass of any coating (e.g. paint) used in service, the mgss of
the valve in¢luding dip tube where fitted, any fixed valve guard_and the mass of all other parts thgt are
permanently[attached (e.g. by clamping or bolting) to the cylinderwhen presented for filling. If the tare ¢f the
cylinder differs from the stamped tare by more than the value\shown in Table 1 and it is not due to damage,
the original tare shall be cancelled and the correct tare shallbbe marked in a durable and legible fashion (see
ISO 13769) after approval by a competent person. The empty weight shall not be altered.

Table 1 — Permissible deviation in tare

Cylinder water capacity, /" Maximum permissible deviation in tare
| g
0,5<¥V<5,0 +50
5,0< k20 +200
15720 +400

14.5 Retest marking

14.5.1 Gengdral

After satisfactory completion of the periodic inspections and tests, each cylinder shall be permanently marked
according to the relevant standard or regulation, e.g. ISO 13769, with

a) the stamp or identification of the authorized inspection body or test station, followed by
b) the present test date.
14.5.2 Retester symbol and retest date

The retester symbol is the symbol of the inspection body or test station. The retest date is the date of the
present test, which shall be indicated by the year and month.
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14.5.3 Stamping

These marks shall be in accordance with the relevant standard or regulation, e.g. ISO 13769.

14.6 Reference to next inspection and test date

In accordance with the relevant regulations and when regulations require, the next inspection and test date
shall be shown by an appropriate method such as by a disc fitted between the valve and the cylinder
indicating the date (year and month) of the next periodic inspection and/or tests. Annex G provides one
example of a system for indicating retest dates; other systems are in use, and the same systems are used
with different colours for the same year.

14.7| Identification of contents

Befofe the cylinder is reintroduced into service, the intended contents shall be identified, This nee
of thg periodic inspection and test procedure. As an example, use ISO 7225 for labelling and ISO
coding. If painting is required, care shall be exercised in accordance with 14.2.2. If-a’change of ¢
involyed, care shall be taken to follow the requirements of ISO 11621.

14.8| Records

A cylinder periodic inspection and test shall be recorded by test station personnel, and
information shall be available for inspection:

a)
b)
c)
d)
e)
f)

9)

)

Additjonally, it shall be possible to obtain the following items of information from records, wh
necegsarily be kept on a single file, but which will enable a particular cylinder to be uniquely trace

k)

1)

m)

gwner's name;

manufacturer's or owner's serial number;

¢ylinder mass (empty weight), or tare, where applicable;

fiype of inspection(s) and test(s) performed;

test pressure (if applicable);

fesult of inspection and test (pass or fail — in case of failure, the reasons should be recorded)
present retest date — year/month/day;

identification symbol.6fthe retest body or the test station;

identification ofiretester; and

details of.any cylinder repairs made to defects as described in Annex B.

d not be part
32 for colour
as service is

he following

ch need not

ob

cylinder manufacturer's name;
manufacturer's serial number;
manufacturing design specification;
water capacity/size; and

manufacturing test date.
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15 Rejection and rendering cylinders unserviceable

The decision to reject a cylinder may be taken at any stage during the periodic inspection and test procedure.
If it is impossible to recover a rejected cylinder, after notifying the owner, the testing station shall make the
cylinder unserviceable for holding gas under pressure so that it is impossible for any part of the cylinder,
especially the shoulder, to be reissued into service. In case of any disagreement, ensure that the legal
implication of the contemplated action is fully understood.

Prior to taking any of the following actions, ensure that the cylinder is empty (see Clause 6).

The following methods may be employed:

a)

b)

18

crushing

burning
dome or

irregular
irregular

bursting

the cylinder using mechanical means;

an irregular hole in the top dome equivalent in area to approximately 10 % of the ared of the top

in the case of a thin-walled cylinder, piercing in at least three places;
cutting of the neck;
cutting of the cylinder in two or more pieces including the shoulder; or

using a safe method.
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Intervals between periodic inspections and tests

The following information includes intervals as outlined in the United Nations Recommendations on the
Transport of Dangerous Goods, Model Regulations, thirteenth edition. The most current edition should be

consulted.

Table A.1 — Intervals between periodic inspections and tests

Gas type Examples UN recommended ihterval
years
Compressed gases Ar, Ny, He 10
Hy, 2 10
air, O, 10
self-contained breathing air, O, b
gases for underwater breathing b
apparatus
coce 5
Liqugfied gases refrigerants, CO, 10
Corrg¢sive gases d 5
Toxig gases that are non-corrosive sulphurylluoride 5
Very|toxic gases that are non-corrosive |arsing-(AsHs), phosphine (PH3) 5

Gas nixtures

all'mixtures

5 or 10 years according
properties.

Generally, mixtures that
corrosive have a 5-year
other mixtures have a 10-y4

fo dangerous

are toxic or
interval, and
ar interval.

NOTH 1 These test periods may be used provided the dryness of the product and that of the filled cylinder are such
free Water. This conditionshall be proven and documented within a quality system of the filler. If these conditions car
alternptive or more frequent testing could be appropriate.

NOTH 2 At all times-certain requirements could necessitate a shorter time interval, e.g. the dew point of the gas,
reactipns and decomposition reactions, cylinder design specifications, change of gas service, etc.

that there is no
not be fulfilled,

polymerization

b

@  Particularattention shall be paid to the tensile strength and surface condition of such cylinders. Cylinders not in cg
the spegial hydrogen requirements shall be withdrawn from hydrogen service. See ISO 11621 for possible additional test

Ihformance with
ng

d Corrosivity is with reference to human tissue (see ISO 13338) and NOT cylinder material.

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

© 1SO 2005 - All rights reserved
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Annex B
(normative)

Description and evaluation of defects and conditions for rejection of
seamless aluminium-alloy gas cylinders at time of visual inspection

B.1 General

Gas cylinder
conditions to

This annex (
the features

defects can be physical, material or due to corrosion as a result of environmental or'ss
which the cylinder has been subjected during its life.

rovides a convenient summary of most of the conditions identified in the text. The, text desq
for which the cylinder shall be inspected as well as the criteria applied te.the features

rvice

ribes
The

inspector shall be familiar with all the features as stated in the text that require inspection., This annex applies

to all cylinde
controls.

Any defect i
After such a

B.2 Physical or material defects

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

Permanent gttachments (e.g. foot rings or shrouds) shall béZinspected and shall be suitable for their intg
purposes.

B.3 Corrogsion

B.3.1 General

The cylinder [could be subjected to enyironmental conditions that could cause external corrosion of the m

Internal corrg

There is diffi
their service

Extensive ex
are safe and
products prig

's except those that have contained gases having special characteristics, which require mo|

the form of a sharp notch may be removed by grinding, machining”or other approved met
repair, the wall thickness shall be checked (see Clause 13), e.g. ultrasonically.

sion of the metal can.also occur owing to service conditions.

Culty in presenting definite rejection limits in tabular form for all sizes and types of cylinder
conditions. Thé-limits of rejection are usually established following considerable field experie

perienceand judgment are required in evaluating whether cylinders that have corroded inte|
suitable for return to service. It is important that the surface of the metal is cleaned of corn
r to.the inspection of the cylinder.

dified

hods.

nded

btal.

5 and
nce.

rnally
psion
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Table B.1 — Rejection limits relating to physical and material defects in the cylinder shell

Type of Definition Rejection limits in accordance with Repair or render
defect Clause 7 2@ unserviceable
Bulge Visible swelling of the cylinder All cylinders with such a defect Render unserviceable
Dent A depression in the cylinder that has | When the depth of the dent exceeds | Render unserviceable
neither penetrated nor removed metal | 3 % of the external diameter of the
and is greater in depth than 1 % of cylinder
the external diameter or
when the diameter of the dent is less | Render unserviceable
than 15 times 1ts depth
Cut gr gouge | A sharp impression where metal has | When the depth of the cut or gouge Repair-poss|ble P
been removed or redistributed whose |exceeds 10 % of the wall thickness
depth exceeds 5 % of the cylinder or
wall thickness (see Figure B.1)
when the length exceeds 25 % of the\'| Repair poss|ble P
external diameter of the cylinder
or
when the wall thickness isdess than Render unsgrviceable
the minimum guaranteed.thickness
Crac A split or rift in the metal (see All cylinders with stich defects Render unségrviceable
Figure B.2)
Fire §lamage |Excessive general or localized
heating of a cylinder usually indicated
by
a) partial melting of cylinder; Allsylinders in categories a) and b) Render unsé¢rviceable
b) distortion of cylinder;
¢) charring or burning of paint; Cylinders in categories c) and d) may | Repair poss|ble. In case
d) fire damage to valve, melting of be gcceptable after inspection and of doupt, render
plastic guard or date rinig or testing unserviceable.
fusible plug if fitted.
Plugjor neck [Additional inserts fitted\in the cylinder | All cylinders unless it can be clearly Repair poss|ble
inserts neck, base or walt established that addition is part of
approved design
Stamping Marking by‘means of a metal punch | All cylinders with illegible, modified or | Render unsé¢rviceable ¢
incorrect markings
Arc dr torch Partial.melting of the cylinder, the All cylinders with such defects Render unsg¢rviceable
burn addition of weld metal or the removal
offmetal by scarfing or cratering
Susplicious Marks introduced other than by the All cylinders with such defects Continued use possible
marks cylinder manufacturing process and after additiopal inspection
approved repair

Some neck cracks (< 1 mm) may be repaired only in accordance with an agreed manufacturer’s specification.

b

@  When applying the rejection criteria, the conditions of use of the cylinders, the severity of the defect and safety factors in the design
shall be taken into consideration.

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

¢ If it can be clearly established that the cylinder fully complies with the appropriate specifications, altered operational and modified
markings may be acceptable and inadequate markings may be corrected, provided there is no possibility of confusion.

© 1SO 2005 - All rights reserved
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B.3.2 Types of corrosion

The types of corrosion may in general be classified as in Table B.2.

Table B.2 — Rejection criteria for corrosion of the cylinder wall

the interior or exterior total surface

or

Type of Definition Rejection limits in accordance with Repair or render
corrosion Clause 7 2@ unserviceable
General Loss of wall thickness over an If the original surface of the metal is no | Repair possible
corrosion area of more than 20 % of either | longer recognizable

area of the cylinder (see
Figure B.3)

if the depth of penetration exceeds
10 % of the original thickness of wall

or

if the wall thickness is less than
minimum guaranteed wall thickness®

Repair possible~

Render inserviceab

Local corrosid

n |Loss of wall thickness over an
area of less than 20 % of either
the interior or exterior total surface
area of the cylinder, except for the
other types of local corrosion
described below

If the depth of penetration exceeds
20 % of the original thickness of the
cylinder wall

or

if the wall thickness is less-than
minimum guaranteed thickness P

Repair possible

Render unserviceab

Chain, pitting
line corrosion

Corrosion forming a narrow
longitudinal or circumferential line
or strip, or isolated craters or pits
that are almost connected (see
Figure B.4)

If a total length of corrosion in any
direction exceeds.thé diameter of the
cylinder and the'depth exceeds 10 %
of the originaliwall thickness

or

if thecwall thickness is less than
minimum guaranteed thickness P

Repair possible 4

Render unserviceab

Isolated pits

Corrosion forming isolated craters,
without significant alignment (see
Figure B.5)

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

If the diameter of the pits is less than

5 mm, the cylinder should be assessed
as carefully as possible in order to
check the remaining thickness of the
wall or base is adequate for the
intended use of the cylinder

See “local corrosion’

Repair possible

row

@ |f the bottd
scrapped.

b If corrosio
wall thickness

where authorizé

€ After repair, a cylinder shall follow requirements in Clauses 7, 8 and 9.

m of the defect'cannot be seen and if its extent cannot be determined using appropriate equipment, the cylinder sk

h has, réached limits of depth or extent, the remaining wall thickness should be checked with an ultrasonic device

all be

. The
B.5),

may-be less than the minimum guaranteed wall thickness, e.g. small (depth and extent) isolated pits (see Figure

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

22
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B.4 Neck and shoulder cracks
Reject cracks in accordance with Table B.1.

B.4.1 Neck cracks

Some cylinders with taper threads can be subject to neck cracks. After cleaning in a suitable way, cracks can
be detected by visual inspection. Figure B.6 shows the location and likely propagation of such cracks. Neck
cracks should not be confused with tap markings, which normally are visible parallel lines. Figure B.7 shows
tap markings.

B.4.2 Shoulder cracks <{)

Some cylinders with parallel threads can be subject to shoulder cracks. They can st om folds in the
internal shoulder area and propagate into the threaded area or shoulder of the cyIin%éu. Hendge, this lower
threaded area of the neck shall be very carefully inspected. Figure B.8 shows exa ere shoulder cracks
start pnd how they propagate.

Figure B.1 — Cut or gouv}\o Figure B.2 — Crack

Figure B.3 — General corrosion Figure B.4 — Line corrosion
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Figure B.5 — Isolated pits 1 neck crack \6
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@Qure B.6 — Neck cracks
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1 tap stop a&v 1 shoulder crack propagating into the threads
rT 2 shoulder cracks

Figure B.7 — Tap stop marks Figure B.8 — Shoulder cracks
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Annex C
(normative)

Procedure to be adopted when de-valving and/or when it is suspected

CA

that a cylinder valve is obstructed

Check for obstructed valve

The f
haza
persd
has |
liquef]
addit

As in
unob
provi

bllowing procedures shall be carried out by only by personnel competent in this field. In view o
ds in cylinders, this operation can lead to injury from stored energy release, fire and toxic ha
nnel shall take such precautions as deemed necessary for the work to be performed. WWhen th
een released and the pressure within the cylinder reduced to atmospheric pressure, and, i
ied gases, when there is no frost or dew on the outside of the cylinder, the valye\may be rem
onal check is made to establish that there is free passage through the valve.

Hicated in Clause 6, a systematic check shall be made to establish thatthe passage throug
structed. The method adopted shall be a recognized procedure such,as one of the followin
es equivalent safeguards.

ljquefied gas under pressure or contaminants. Lack of a positive difference does not

C.2

Only
be re|

C3

The

htroduce a gas, non-reactive to the gas stored in the cylindér, at a pressure up to 5 bar 2
ischarge.

se the device shown in Figure C.1 to hand pump airinio the cylinder.

or a cylinder of liquefied gas, first check to establish that the total weight of the cylinder is
e tare stamped on the cylinder. If there-is*a positive difference, the cylinder could ¢

resence of a gas under pressure.
or a valve incorporating a residual pressure device (e.g. see 1SO 15996), the operator

pecific adapter to release thewemaining pressure and verify the absence of pressure usirn
ethods described previousty.

Valve unobstructed

when it has been-gstablished that there is no obstruction to gas flow in the cylinder valve, n
moved. Personalprotection during de-valving shall be assessed.

Valve obstructed

ollowing methods are applicable for cylinders of non-toxic, non-flammable and non-chlorg

the potential
rards; hence,
e gas, if any,
n the case of
pved after an

N the valve is
g or one that

nd check its

the same as
ontain either
rule out the

shall use a
g one of the

nay the valve

fluorocarbon

(non-

CEC) gases. Appropriate safety precautions should be taken to ensure that no hazard re

ults from the

uncontrolled discharge of any residual gas. When a cylinder is found to have an obstructed gas passage in
the valve, the cylinder shall be set aside and handled by specially trained personnel in this task by one of the
following methods.

Saw or drill the valve body until interception is made with the gas passage between the valve body stem

and valve spindle seat. The operation shall be properly cooled particularly when handling oxidizing gases.

© IS0

Loosen or pierce the pressure relief device in a controlled manner.
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Cylinders of toxic, flammable, air-reactive, water-reactive, oxidizing, and CFC gases shall be handled by one
of the following methods. After release, containment and subsequent disposal shall be carried out safely and
without impact to the environment.

— Partially unscrew the valve within a glanded cap, secured and joined to the cylinder and vented to a safe
discharge. The principles of a suitable device are illustrated in Figure C.2. This procedure shall be
performed in a controlled manner in such a way as to avoid personal injury.

— Mechanically remove the valve in an enclosed, automated device that will contain the release of gas and
release of energy.

Pl th L dlari toi okl ¢ PPN I £ A ol £ o h
— ace Cyrhaeriacontaier-sutaore o cofitaimerereaseorgas—anarereaseorenergy,anarus

or punctpre the cylinder to release the material and pressure.

Dimensions in millimetres

A o

Key

-

rubber tupe (& int. 8 mm, & ext. 13 mm) ground to olive shape and bonded
copper tube (& int. 3 mm, & ext. 8 mm)
3 rubber bulb

N

jo)

Bonded.
Hand pressure.

o

Figure C.1 — Typical device for detecting an obstructed cylinder valve
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Key

rive for dé-=valving machine
as-tight'gland

as-tight seal

ylinder frame and clamping device

oo

2

pressure gauge
vent valve

OO b WN -

NOTE Operate remotely using de-valving machine.

Direction of rotation.

b To gas disposal system.

Figure C.2 — Typical device for the removal of a damaged gas cylinder valve
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Annex D
(informative)

Cleaning of aluminium-alloy gas cylinders

WARNING — Ensure the chemical cleaning product is in accordance with the recommendations of
the cylinder manufacturer; otherwise serious damage may occur. To ensure gas compatibility, the
cleansing agent shall be completely removed or the final cleansing operation shall be compatible with

the intendec
Internal
Aluminium-a

detrimentallyj]
procedures ¢

gas service.

loy gas cylinders in normal service can accumulate internal contamination, which

re examples for cleaning the interior of aluminium-alloy gas cylinders.

Contamjination Cleaning method

Oil and Lrease Degrease with suitable solvent

Odour Rinse with solution of sodium bicarbonate, thén rinse with a 5 % solution
of acetic acid

Corrosign Tumble with aluminium-oxide chips;pellets or glass beads
Blasting (e.g. with glass beads).‘See Clause 8.

For the removal of moisture and loose particles and @fter each cleaning method, rinse with tap

water, th

en rinse with distilled or de-ionized water, then'steam clean and dry.

NOTE Ensure all traces of cleaning agent have been removed. For temperature limits see 14.2.2.

External

Examples of
— soap an
— solvent

— scouring

methods for cleaning external surfaces are
] water,
vipe, and

pad and serubbing.

28

may

affect use. If internal contamination is detected, the source should be investigated. The follpwing
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E.1

This

cylinders:

The

fixed [burette or with a weigh scale that contains water.

E.2

The

E.3

E.3.

ISO 10461:2005(E)

Annex E
(informative)

Volumetric expansion testing of gas cylinder

General

annex givpe details of the three methads for dpfprmining the volumetric m(pnneinn of alumin

um-alloy gas

two water jacket methods (preferred method); and
the non-water jacket method.

vater jacket volumetric expansion test shall be carried out on equipment with a levelling b

Test equipment
following general requirements shall apply to all three methods of test.

Hydraulic test pressure pipelines shall be capable of withstanding a pressure 1,5 times the n
pressure of any cylinder that may be tested.

The glass burette at the maximum recorded.pressure shall be of sufficient length to co|
¢an be read to an accuracy of + 1 % or 0, \ml, whichever is the greater.

[Veigh scales shall be capable of(providing total expansion measurements to an accuracy
0,1 g, whichever is greater.

e calibrated at regular intervals and in any case not less than once per month.

suitable system centrol device shall be employed to ensure that no cylinder is subjected
ih excess of its test-pressure *35 % or 10 bar, whichever is less.

ipework sheuld utilize long bends in preference to elbow fittings, and pressure pipes shoul
s possible/ Flexible tubing shall be capable of withstanding 1,5 times the maximum test pr|
quiprment.

irette, with a

haximum test

ntain the full

olumetric expansion of the cylinder and shall have bores of uniform diameter such that the expansion

of +1% or

Pressure gauges shall be of.the industrial Class 1 with a scale appropriate to the test pressufe. They shall

O a pressure

 be as short
Bssure in the

1 jninfe shallbe leak fighf

When installing equipment, care shall be taken to avoid trapping of air in the system.

Water jacket volumetric expansion test

1 General

This method of test necessitates enclosing the water filled cylinder in a jacket also filled with water. The total
and any permanent volumetric expansion of the cylinder are measured as to the amount of water displaced by
the expansion of the cylinder when under pressure and after the pressure is released. The permanent
expansion is calculated as a percentage of the total expansion. The water jacket shall be fitted with a safety
device capable of releasing the energy from any cylinder that could burst at test pressure.

© 1SO 2005 - All rights reserved

29


https://standardsiso.com/api/?name=0e570c7a6dde1939dc23f77b496b9000

ISO 10461:2005(E)

An air bleed valve should be fitted to the highest point of the jacket.

Two methods for performing this test are described in E.3.2 and E.3.3. Other equivalent methods are
acceptable provided they are capable of measuring the total and, if any, the permanent volumetric expansion
of the cylinder.

E.3.2 Water jacket volumetric expansion test — levelling burette method

The equipment should be installed as shown in Figure E.1.

The procedure shall be as follows.

a) Fill cylinglers with water and attach to water jacket cover.

b) Seal cylinder in jacket and fill jacket with water, allowing air to bleed off through air bleed valve:

c) Connecf cylinder to pressure line. Adjust burette to zero level by manipulation of the-jacket filling
and draip valve. Raise pressure to two-thirds of test pressure, stop pumping and close hydraulic pre
line valve. Check that burette reading remains constant.

d) Restart pumping and open hydraulic pressure line valve until cylinder test\pressure (*% % or 1
whichevgr is less) is reached. Close hydraulic pressure line valve and step pumping.

e) Lower burette until water level is at zero mark in burette support, Take a reading of water level i
burette @t the maximum recorded pressure. This reading is the total expansion and shall be record
the test gertificate.

f)  Open hydraulic line drain valve to release pressure from cylinder. Raise burette until water level is a
on burette support. Check that pressure is at zero and that water level is constant.

g) Read water level in burette. This reading is the permanent expansion, if any, and shall be recorded @
test certfficate.

h) Check that the permanent expansion does 'not exceed the percentage given in the design specificati
determined by the following equation:

Pefmanent expa.msmn x 100 =% permanent expansion
Total expansion

E.3.3 Water jacket volumetric expansion test — fixed burette method

The equipmgnt should-bg installed as shown in Figure E.2. The procedure for this method of test is sim

that describeld in E.3.2 €xcept that the burette is fixed.

— Adjust water“level to a datum. Apply pressure until test pressure is reached and record the b
reading Thc IUGdIIIu GbUVU thc dal.ulll 1o thU lUlGI UI\VGIIOIUII (JIIGI Oha” bU ICUUIdUd Un thc I.UOL UClT Llf
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lar to
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ate.

Check that the permanent expansion does not exceed the percentage given in the design specification,
as determined by the following equation:

Permanent expansion

x 100 = % permanent expansion

Total expansion
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