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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 1SQO 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. |Publication 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 22991 was prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcommittee SC 3, Cylinder
design.

iv © ISO 2004 — All rights reserved
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Introduction

This International Standard calls for the use of substances and procedures that may be injurious to health if
adequate precautions are not taken. It refers only to technical suitability and does not absolve the user from
legal obligations relating to health and safety at any stage. It has been assumed in the drafting of this
International Standard, that the execution of its provisions is entrusted to appropriately qualified and
experienced peaple
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INTERNATIONAL STANDARD

ISO 22991:2004(E)

Gas cylinders — Transportable refillable welded steel cylinders
for liquefied petroleum gas (LPG) — Design and construction

1 3

This
work
gas (

Bcope

International Standard specifies minimum requirements concerning material, design, con
manship, procedure and test at manufacture of transportable refillable welded steel liquefi

2

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

refer
docu

ISO ¢

ISO 1
Fusid

ISO 1
Fusid

ISO ?
patte

ISO 4
ISO 4

ISO §
weld

ISO §
exclu

ormative references

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

43, Steels — Micrographic determination of the apparent grain size

106-1:1984, Recommended practice for radiographic examination of fusion welded joir
n welded butt joints in steel plates up to 50 mmthick

106-3:1984, Recommended practice for{radiographic examination of fusion welded joir
n welded circumferential joints in steel'pipes of up to 50 mm wall thickness

'ns of image quality indicationsy(l.Q.1.)

136, Destructive tests ol welds in metallic materials — Transverse tensile test
978, Flat rolled steglproducts for welded gas cylinders

178, Destructivetests on welds in metallic materials — Longitudinal tensile test on weld m)
bd joints

817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (bg
ded) <~ Quality levels for imperfections

| PG) cylinders of water capacity up to and including 150 I, exposed to ambient femperatureq.

struction and
pd petroleum

t. For dated
b referenced

ts— Part 1:

ts — Part 3:

504:1973, Radiography of welds\and viewing conditions for films — Ultilization of the recommended

etal in fusion

bam  welding

ISO 6892, Metalifc materfals— Tensiie tesSting at ambplent termperature

ISO 7438, Metallic materials — Bend test

ISO 9606-1, Approval testing of welders — Fusion Welding — Part 1: Steels

ISO 9956-3, Specification and approval of welding procedures for metallic materials — Part 3: Welding
procedure tests for arc welding of steels

ISO 10920, Gas cylinders — 25E taper thread for connection of valves to gas cylinders — Specification

ISO 11116-1, Gas cylinders — 17E taper thread for connection of valves to gas cylinders — Part 1:
Specifications
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ISO 13769, Gas cylinders — Stamp marking

ISO 14732, Welding personnel — Approval testing of welding operators for fusion welding and of resistance
weld setters for fully mechanized and automatic welding of metallic materials

ISO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints

ISO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination of

welds

3 Terms

and definitions

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

31

yield stress
upper Yyield

proportional

[ISO 6892]

3.2

normalizing
heat treatme
the steel and

3.3

stress relieV
heat treatme
metallurgical
the steel and

3.4

competent K
person or d
resources, is|

strength, Ry, or, for steels that do not exhibit a defined yield, the 0,2 %~ proof stress
Blongation), Ry

ht in which the cylinder is heated to a uniform temperature above the upper critical point (A
then cooled in a controlled atmosphere or still air

ing

ht given to the cylinder, the object of which is*to reduce the residual stresses without alterin
structure of the steel, by heating to a uniform temperature below the lower critical point (A
cooling in a controlled atmosphere or still air

ody
orporate body who, by combination of appropriate qualifications, training, experience
able to make objective judgements on the subject

(non-

C5) of

g the
C4) of

and
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4 Symbols
Table 1 — Symbols and their designations and units
Symbol Designation Unit
a calculated minimum thickness of the cylindrical shell mm
A percentage elongation after fracture %
b calculated minimum thickness of the end of the cylinder mm
C shape factor (see Table 3 and Figure 2) 1
outside diameter of thecytimderasgiverrmthe desigmdrawing(see Figure—t) mm
D outside diameter of a bend tests former (see Figure 10) mm
h height of the cylindrical part of the end (see Figure 1) mm
H outside height of the domed part of the end (see Figure 1) mm
J| stress reduction factor 1
L length of the cylinder mm
L original gauge length of the test piece in accordance with ISO 6892 mm
n ratio of diameter of bend test former to the thickness of the test piece (see Table 4) 1
P calculation pressure used to calculate the minimum required thiCkness of the cylindrical shell and bar
ends (see 6.1.3)
maximum pressure attained during the burst test bar
P actual test pressure, applied to the cylinder by the manufacturer bar
Pidin [ minimum permissible test pressure bar
7 inside knuckle radius of the end mm
R inside dishing radius of the end mm
R minimum guaranteed tensile strength MPa
R minimum value of yield stress guaranteed by the cylinder manufacturer for the finished cylinder MPa
RY actual value of tensile strengthindetermined by the tensile test specified in 8.1.2.2 MPa
NOTH 1 MPa = 1 N/mm? = 10 baf:
5 Materials
5.1 | Materials_for" shells and end pressings shall either conform to ISO 4978 or to anoth¢r equivalent
matefial specification meeting the requirements of Table 2.
NOTH “Materials” refers to materials in the state before any specific transformation with regard to the Jmanufacturing
proceps:

5.2 All parts welded to the cylinder shall be made of compatible material.

5.3 The welding consumables shall be such that they are capable of giving consistent welds with minimum
tensile strength at least equal to that specified for the parent materials in the finished cylinder.

5.4 The cylinder manufacturer shall have certificates of the ladle analysis and mechanical properties of the
steel supplied for the construction of the pressure-retaining parts of the cylinder.

5.5 The manufacturer shall maintain a system of identification for the materials used in fabrication in order
that all materials for pressure parts in the completed cylinder be traceable to its origin.

© 1SO 2004 - All rights reserved
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Table 2 — Material requirements

Limits
Element
% max.

Materials, other than those given in ISO 4978, used for the fabrication
of gas cylinders, shall be of weldable quality and the following limits
shall not be exceeded in the cast analysis:

Carbon 0,22

Silicon 0,45

Manaanese. 160

9 7

Phosphorus 0,025

Sulfur 0,020

Phosphorus plus sulfur 0,040
Use of micro-alloying elements such as niobium, titanium and
vgnadium shall be confined to the following contents:

Niobium 0,08

Titanium 0,20

Vanadium 0,20

Niobium plus vanadium 0,20
Where other micro-alloying elements are used, their presence and amounts shall be reported, together with
the above, in the steel manufacturer’s certificate.
SHould check analyses be required, they shall be carried out eithéron specimens taken, during manufacture,
frgm material in the form as supplied by the steel maker tosthe cylinder manufacturer or from finished
cylinders.

6 Design

6.1 General requirements

6.1.1  The ralculation of the wall(thickness of the pressure parts intended to resist the internal pressiire in
the gas cylinflers shall be relatedto the yield stress of the material.

6.1.2  For qalculation purposes, the value of the yield stress Ry is limited to a maximum of 0,85Rg.

6.1.3 The jnternal pressure upon which the calculation of the wall thickness of gas cylinders is based|shall
be the calculption pressure P.

a) For cylindersforcommercial-butane-serice-only =P ="15-bar

b) For all other LPG cylinders P = Py, = 30 bar.

6.1.4 A fully dimensional drawing including the specification of the material shall be produced.

4 © ISO 2004 — All rights reserved
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Calculation of cylindrical shell thickness

The wall thickness of the cylindrical shell shall be not less than that calculated using the formula:

a

_ P.x D
T 20xRox J
——+ P
%

— for cylinders with a longitudinal weld: J = 0,9;

— for cylinders without a longitudinal weld: J = 1.0.

In no

6.3

6.3.1
cond

— f

—

case shall the actual thickness be less than that specified in 6.5.

Design of ends concave to pressure

Except as permitted by 6.4, the shape of ends of gas cylinders shall)bé such that
tions are fulfilled:

or torispherical ends: R < D; r > 0,1 D; h > 4b [see Figure 1a)];

or semi-ellipsoidal ends: H > 0,2 D; h > 4b [see Figure 1b)].

6.3.2] The wall thickness of the ends of gas cylinders shall be not less than that calculat
formdla:
| _ P.xDxC
T 20 x R,
+ P,
Y
In this formula, C is a shape factor, the value’ of which depends on the ratio H/D.

The

The ¢

alue of C shall be obtained from Table 3 and the graphs in Figure 2 and Figure 3.

raph in Figure 2 details theyvalue of C in relation to the ratio 4/D.

the following

bd using the
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H . h H . h
b b
R
B I B S
1 2

Key

1 torispheri¢al end
2 semi-ellipgoidal end

NOTE Fqr torispherical ends:

H= (R b)—\/[(R+b)—%] X[(R+b) =2~ 2(r + b)]
Figure 1..<lllustration of cylinder ends concave to pressure

Table 3 — Relationship between H/D and shape factor C

HID C HID C

0525 1,000 0,38 0,612
0,26 0,931 0,39 0,604
0,27 0,885 0,40 0,596
0,28 0,845 0,41 0,588
0,29 0,809 0,42 0,581
0,30 0,775 0,43 0,576
0,31 0,743 0,44 0,572
0,32 0,713 0,45 0,570
0,33 0,687 0,46 0,568
0,34 0,667 0,47 0,566
0,35 0,649 0,48 0,565
0,36 0,633 0,49 0,564
0,37 0,621 0,50 0,564

NOTE Intermediate values may be obtained by linear interpolation.

6 © ISO 2004 — All rights reserved
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S
S

Y
] bID
| —o—10,06
15 —=—0,03
i \ —a—0,02
—50,01
\ ——00075
—e—0.005
14 \\

SN

1,2

11

1 | | | | | | |
0,2 0,205 0,21 0,215 0,22 0,225 0,23 0,235 0,24 0,245 0,25

X

Key

X HID ratio
Y shape factor C

Figure 2 — Values of shape factor C for H/D between 0,2 and 0,25
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0,95

0,9 \

0,85

]

0,8

]

0,75

0,7

]

0,61 \
N

0,6

]

0,51

0,5

]

=

0,25
0,24
0,27
0,28
0,29
0,3

0,31
0,32
0,33
0,34
0,35
0,36
0,37
0,38
0,39
0,4

0,41
0,47
0,4

0,44
0,4

0,46
0,41
0,49
0,49
0,5

Key

X HID ratio
Y shape factor C

Figure 3 — Values of shape factor C for H/D between 0,25 and 0,5
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Ends of other shapes

Ends of shapes other than those covered by 6.3 may be used provided that the adequacy of their design is
demonstrated by fatigue testing in accordance with 8.6. For heads convex to pressure, the minimum head
thickness shall be a minimum of 2 times that specified in 6.2.

6.5 Minimum wall thickness
6.5.1 The minimum wall thickness of the cylindrical shell, a, and of the end, b, shall be not less than the
value derived from any of the following formulae:
for D[< 100 mm:

(min=bmin=1,1 mm (1)
for 100 mm < D < 150 mm:

dmin = bmin = 1,1+ 0,008(D —100) mm (2)
for D[> 150 mm:

dmin = Pmin = (D/250) + 0,7 mm (3)
(withfa minimum of 1,5 mm).
Thesg formulae apply to cylindrical shells and ends irrespective of whether they are designed Ry calculation
as specified in 6.2 and 6.3 or by testing as specified_in 6.4. Apart from the requirements of 6.3/6.4 and 6.5,
any gylindrical part integral with an end shall, except¥as qualified by 6.5.2, also satisfy the requirgments in 6.2
for the cylindrical shell.
6.5.2] The equation in 6.2 is not applicable where the length of the cylindrical portion of [the cylinder,
meagured between the beginning of the domed parts of the two ends, is not more than /2bD. In|this case the

wall thickness shall be not less than,that of the domed part (see 6.3.2).

6.6

6.6.1
6.6.2
com
no h
acco

6.6.3

Design of openings
The location of all-openings shall be restricted to one dished end of the cylinder.

Each opening/in the cylinder shall be reinforced, either by a valve boss or pad, of |
atible steels-securely attached by welding and so designed as to be of adequate strength ar
prmful stress concentrations. This shall be confirmed by design calculations or a fa
dance Wwith 8.6.

If the leak-tightness between the valve and the cylinder is assured by a metallic seal (e,

veldable and
d to result in

fligue test in

g. copper), a

suita

le Internal valve boss can De Titted 10 the cylinder by a method which need not independen

leak-tightness.

ly guarantee

6.6.4 Unless otherwise specified, valve threads shall conform to a recognized specification e.g. ISO 10920

for th

6.7

e 25E thread or ISO 11116-1 for the 17E thread.

Valve protection

The design of the cylinder shall provide protection for valves against damage in order to avoid release of
contents, unless otherwise protected for transportation, etc. in accordance with 7.6.

© IS0
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7 Construction and workmanship

7.1  Welding qualification

7.1.1  The manufacturer, with the agreement of a competent body, before proceeding with the production of
a given design of cylinder, shall approve the welding procedures to 1ISO 9956-3, welders to ISO 9606-1 and
welding operators to 1SO 14732, for all welding associated with the pressure envelope including the non-
pressure-containing parts. Records of such approvals shall be retained by the manufacturer.

7.1.2 Welding procedure approval tests shall be made in such a manner that the welds shall be
representative of those made in production.

7.1.3 Welders shall have passed the approval tests for the specific type of work and procedure concerrlled.

7.2 Plateg and pressed parts

Before assembly, the pressure parts of the cylinders shall be visually examined forjuniform quality and
freedom fronp defects which may ultimately affect the cylinder integrity.

7.3 Welded joints

7.3.1 The |welding of the longitudinal and circumferential joints shall be )by a fully mechanized or pemi-
automatic orfully automatic process to provide consistent and reproduciblé quality of welds.

7.3.2 The |ongitudinal joint, of which there shall be no more than.one, shall be the butt welded type.

7.3.3 Circymferential joints, of which there shall be no more than two, shall be butt welded, or butt wglded
with one member offset to form an integral backing strip, i.e{joggled (see Figure 4).

7.3.4 Before the cylinders are closed, longitudinakwelds shall be visually examined from both sides in
accordance Wvith ISO 17637. Permanent backing strips shall not be used with longitudinal welds.

7.3.5 The [fusion of the welded metal with thé parent metal shall be smooth and free from overlagping,
undercutting|or abrupt irregularities. Therexshall be no cracks, notching or porous patches in the wglded
surface and the surface adjacent to the weld. The welded surface shall be regular and even without condavity.
The excess thickness of the weld (bead height) shall not exceed one-fourth of the width of the weld.
7.3.6 Butt welds shall have full-penetration.

7.3.7 Jogdle butt welds~shall have full root penetration verified by macro etch, bend testing and tensile
testing.

7.4 Tolerances

7.4.1 Out ofreundness

The out of roundness of the cylindrical shell shall be limited so that the difference between the maximum and
the minimum outside diameter in the same cross section is not more than 1 % of the mean of these diameters,
for two-piece cylinders, and 1,5 % for three-piece cylinders. The measurement shall not be taken over any of
the welds but shall be taken adjacent to the welds.

7.4.2 Straightness

Unless otherwise shown on the manufacturer's drawing, the maximum deviation of the cylindrical part of the
shell from a straight line shall not exceed 0,3 % of the cylindrical length.

10 © 1SO 2004 — All rights reserved
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ze

\ <2,5e

€1
\/\
\
e
/
N
e

215e d

743

When the cylinder is standing on its base, deviation from verticalshall not exceed 25 mm per met

7.5

7.51
attac

7.5.2

7.5.3
does
spac

7.6

When the requirefaents of 6.7 are not met, then the manufacturer shall specify that the cylinf(
byed in crates or cradles or shall be provided, during transportation, with some other effective valve
ction, unless it can be demonstrated that the valve can withstand damage without product lepkage.

conv
prote|

7.7

evel optional. d Inside of cylinder to avoid sharp break.
s desired. e  Thickness of metal which is offset.
epth of offset =e,. ¢, Thickness of metal which is not offset.

Figure 4 — lllustration of a typical joggled butt joint

Verticality

Non-pressure-containing attachments

hments shall be made of weldable and compatible steel (see 5.2).

b enclosed by the footring.suitably ventilated, e.g., by means of openings.

Valve protection

Closure of openings

e

re of length.

Where non-pressure-containing attachments are to be attached to the cylinder by welding, such
Attachments shall be designed to permit inspection of welds, which shall be clear of longitudinal and
circumnferential joints, and so designed as to avoid trapping water.

Where a footring is fitted, it.shall be of adequate strength to provide stability and be attached so that it
not prevent inspection of any pressure-containing welds. Any footring shall be suitably drdined and the

rs shall be

Where cylinders are supplied without the valve or safety device fitted, all openings shall be fitted with a plug of
non-absorbent material to protect the thread and prevent ingress of moisture.

7.8

7.8.1

Heat treatment

Except as permitted under 7.8.4, cylinders shall be delivered in the heat treated (normalized or stress
relieved) condition (see 3.2 and 3.3).

7.8.2 The cylinder manufacturer shall maintain records to indicate that the cylinders have been heat treated
(normalized or stress relieved) after completion of all welding and to indicate the adequacy of the process of
heat treatment.

© IS0
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Localized heat treatment shall not be permitted.

7.8.4 Cylinders may be delivered that have not been heat treated (normalized or stress relieved) where the
manufacturer complies with all the following requirements:

a) the cylinders shall be of three-piece construction;
b) ends shall be semi-ellipsoidal or torispherical in accordance with Figure 1, and pressing depth shall be
limited such that:
H-b_ 026 4)
and
h <|8b ()
c) the cylirlders shall only be made from a fine grain steel with maximum grain size ‘of 8, in the d€fivery
condition, when tested in accordance with 1ISO 643;
d) three samples of each type shall be subjected to fatigue testing in accordance with 8.6.
Any subseqyent change in design, material thickness, material specification or weld procedure shall rgquire
further fatigup testing.
8 Testing
8.1 Mechanical testing
8.1.1 Genqral requirements
8.1.1.1 Where not covered by the requirements contained in this clause, the mechanical tests shall be
carried out il accordance with the following.documents:
a) parent npaterial:
— 18016892 in the case of\the tensile test;
— 1SQ 7438, as appropriate, in the case of the bend test, according to whether the thickness of thg test-
piede is 3 mm-orabove, or less than 3 mm,;
b) welded fest specimens tested in accordance with 8.1.2.
8.1.1.2 \|[the mechanical tests for checking the properties of the parent metal and welds of the predsure-

containing shells of the gas cylinders shall be carried out on test specimens taken from finished cylinders.

8.1.2 Types of test and evaluation of test results

8.1.21

Tests

Each sample cylinder shall be subjected to the following tests.

a)

the places shown in Figure 5.

12

For cylinders containing only circumferential welds (two-piece cylinders), one test specimen taken from
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— 1 tensile test (in accordance with 1ISO 5178), parent metal in the geometric longitudinal direction of
the cylinder (1), or, if it is not possible, in the circumferential direction or the centre of one dished end;

— 1 tensile test (in accordance with ISO 4136), perpendicular to the circumferential weld (2);
— 1 bend test (in accordance with ISO 7438), on the topside of the circumferential weld (3);
— 1 bend test (in accordance with ISO 7438), on the underside of the circumferential weld (4);

— 1 macro test (in accordance with ISO 17639), on a randomly selected location on the circumferential
weld.

Test [pieces which are not sufficiently flat shall be flattened by cold pressing. In all bend~{egt specimens
contgining a weld, the weld shall be machined flush with the parent metal surface.

b) For cylinders with longitudinal and circumferential welds (three-piece cylinders),.on test spegimens taken
from the places shown in Figure 6.

+ 1 tensile test (in accordance with ISO 5178), parent metal of cylindrical part in thg longitudinal
direction (1), or, if this is not possible, in a circumferential direction;

+ 1 tensile test (in accordance with ISO 5178), parent metal frorh one dished end (2);
+ 1 tensile test (in accordance with ISO 4136), perpendicular to the longitudinal weld (3);
+ 1 tensile test (in accordance with ISO 4136), perpéndicular to the circumferential weld (4));
+ 1 bend test (in accordance with ISO 7438), on‘the topside of longitudinal weld (5);

+ 1 bend test (in accordance with ISO 7438), on the underside of the longitudinal weld (6);
+ 1 bend test (in accordance with ISO 7438), on the topside of the circumferential weld (7)
+ 1 bend test (in accordancewith ISO 7438), on the underside of the circumferential weld {8);

+ 1 macro test (in accordance with ISO 17639), on a randomly selected location on the cifcumferential
weld.

Test [pieces which are_not sufficiently flat shall be flattened by cold pressing. In all bend tegt specimens
contgining a weld, the weld shall be machined flush with the parent metal surface.

The yvelding of the valve boss shall be checked at least by radiographic or macro examination i accordance
with 8.4. In addition one sample from each welding process of non-pressure-containing attachmients shall be
checked to\ensure that the heat affected zone does not extend to more than 40 % of the wall thigkness of the
presqufescontaining envelope.

8.1.2.2 Tensile test

8.1.2.2.1 Tensile test on parent metal

8.1.2.21.1 The procedure for carrying out the tensile test is that given in the appropriate International
Standards in accordance with 8.1.1.1. The two faces of the test specimen representing the inside and outside
walls of the cylinder respectively shall not be machined.

8.1.2.21.2 The values obtained for yield stress, tensile strength and elongation shall be not less than

those guaranteed by the cylinder manufacturer and in no case less than those given in the material
specification.
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8.1.2.2.2 Tensile test on welds

8.1.2.2.2.1 The tensile test perpendicular to the weld (see 1SO 4136) shall be carried out on a test
specimen having a reduced cross section 25 mm in width for a length extending up to 15 mm beyond the
edges of the weld (see Figure 7). Beyond this central part the width of the test specimen shall increase
progressively.

8.1.2.2.2.2 The tensile strength value obtained, R, shall be not less than that guaranteed by the cylinder
manufacturer, Ry and in no case less than those given in the material specification, irrespective of where the
fracture occurs in the cross section of the central part of the test specimen.

8.1.2.3 Béndtest

8.1.2.3.1 ['he procedure for carrying out a bend test is given in ISO 7438. The bend test specinmen shpll be
25 mm in width. The mandrel shall be placed in the centre of the weld while the test is being”perfdqrmed
(see Figure §).

8.1.2.3.2 Cracks shall not appear in the test specimen when it is bent around a mandrel such that |t has
been bent thfough 180° (see Figure 8).

Key

1 alternativg locations of test specimen for tensile test
2 test specimen for tensile test

3 test specifnen for bend test(topside of the weld)

4 test specimen for bend test (underside of the weld)

Figure 5 — Test specimens taken from two-piece cylinders
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SR

Key

alternative locations of test specimens for tensile test
gst specimen for tensile test

tgst specimen for bend test (topside of the weld)

tgst specimen for bend test (underside of the weld)

A WODN =
—_

Figure 6 — Test specimens taken from.three piece cylinders

Dimensiong in millimetres

)

15 15

Key
1 eld

Figure 7 — Test specimen for tensile test perpendicular to the weld
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150

25

a) Dimensions of test specimen

Dimensions in millimetres

b) Transverse guided bend test specimen preparation

e

c) [lllustration of bend test

Key

1 butt weld specimen

2 joggled joint weld specimen

3 weld dressed flush

4 joggled portion to be removed

16

Figure 8 — Bend tests
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Table 4 — Ratio of mandrel diameter and test piece thickness

Actual measured tensile strength
Value of n
R, MPa
< 440 2
> 440 < 520 3
> 520 4

8.1.2
shall

8.2

8.21

8.2.1
subjg

8.21

press
recor

8.2.2
The ¢

a)

3.3 The ratio n between the diameter of the mandrel, Dp, and the thickness of the test
not exceed the values given in the Table 3.

Burst test under hydraulic pressure

Test conditions

1 If it is proposed to apply markings (in accordance with Clause 111) on the section o
cted to pressure, then cylinders to be tested shall be similarly marked.

specimen, a,

f the cylinder

2 The burst test under hydraulic pressure shall be catried out with equipment which enables the

ure to be increased gradually until the cylinder bursts. Thepressure at which the cylinder b
ded.

Interpretation of test
riteria adopted for the interpretation of the burst test are as follows:
olumetric expansion of the cylinder; this-equals:

— the volume of water used hetween the time when the pressure starts to rise and a
bursting or

— the difference between the volume of the cylinder at the beginning and the end of
8.2.3.2);

b) ¢xamination of thetear and the shape of its edges (see 8.2.3.3).

8.23

8.2.3

Minimum test requirements

1 Bursting pressure

The 1

irsts shall be

[ the time of

he test (see

circumstances-be-lessthan 225 % of tHe calculation

naasured - burstina nrassiira P chall nat under anv
REGSHeG—RHHSHRGPreSSHFe—+—F—SHar o+ HRae—ahy FeUA

pressure P, and not less than 50 bar.

8.2.3

.2  Volumetric expansion

The ratio of the volumetric expansion of the cylinder to its initial volume shall be greater than or equal to:

greater than the diameter D;

equal to or less than the diameter D.
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8.2.3.3

Type of fracture

The fracture shall not initiate in a weld.

The main fracture shall not show any brittleness, i.e. the edges of the fracture shall not be radial but shall be
at an angle to a diametrical plane and display a reduction of area throughout their thickness.

The fracture shall not reveal a visible defect in the metal, e.g. lamination.

The burst test shall not cause any fragmentation of the cylinder.

8.3 Pressjure test

8.3.1 The

pressurization medium shall normally be a liquid. A gas may be used provided thatyappro

safety precalitions are taken.

8.3.2 The
test pressure
the cylinder
standard) du
8.3.3 The

8.3.4 The
no leak can |

8.3.5 After

8.3.6 Any

minimum test pressure to be applied shall be as specified in 6.1.3. For butane) cylinders onl
may be higher than the one shown in 6.1.3. In this case, the membrane_stress within the W
shall not exceed 90 % of the minimum yield stress of the material (as_stated in the ma
[ing the test.

bressure in the cylinder shall increase gradually until the test pressure is reached.

Cylinder shall remain under pressure for at least 30 s in ordefto make it possible to establis
€ observed.

the test the cylinder shall show no signs of permanént deformation.

cylinder tested which does not pass the test shall be rejected.

8.4 Radiggraphic and macro examination

Driate

v, the
all of
terial

h that

8.4.1 Radipgraphic examination

8.41.1 General

Radiographi¢ examination shall conform to the techniques specified in 8.4.1.3 to 8.4.1.5.

8.4.1.2 Radiographic requirements

a) Radiography shall-becarried out on the circumferential and longitudinal welds (see Figures 9 and 10) of

the first
machineg

production.cylinder after a change in type or size of cylinder or the welding procedure (incl
setting); or after a break in production exceeding 4 h.

Liding

Exception: i

n _the case of cylinders less than 250 mm outside diameter, radiography of joggle

joints

circumferential welds may be replaced by two macro examinations (see 8.4.2) one of which shall be at the
plane of the stop/start area and the other on the opposite side of the cylinder.

b) In addition to the requirements of a) for cylinders with longitudinal welds, one cylinder out of every 250
production cylinders shall have the junction of the longitudinal and circumferential welds radiographed as
indicated in Figure 10.

c) Where more than one welding machine is used for production, the above procedures shall apply to all
such machines.
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Dimensions in millimetres

100

Figure 9 — Extent of radiography of welds: cylinders with circumferential welds only

Dimensiong in millimetres

25

.

25

25 100 100 25

Figure 10 — Extent of radiography of welds: cylinders with circumferential and longitudinal welds

8.4.1{3 Radiography of welds shall be carried out in accordance with ISO 110641:1984 and
ISO 1106-3:1984, class B.

8.4.1{4 Assessment of the weld radiographs shall be based on the original films in accordance with the
practice recommended in Clause 6 of ISO 2504:1973.

8.4.1.5 The following imperfections as defined in ISO 5817 are not permitted:
— cracks, inadequate welds or lack of penetration or lack of fusion of the weld;

— any elongated inclusion or any group of rounded inclusions in a row where the length represented over a
weld length of 124 is greater than 6 mm;

— any gas pore measuring more than a/3 mm;

— any gas pore measuring more than a/4 mm, 25 mm or less from any other gas pore;
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than 2a.

8.4.2 Macro

004(E)

examination

gas pores over any 100 mm length, where the total area, in square millimetres, of all the figures is greater

The macro examination, carried out in accordance with ISO 17639 of a full transverse section of the welds
shall show complete fusion and complete penetration as specified in 8.4.1.5. In case of doubt, a microscopic

examination

of the suspect area shall be made.

8.4.3 Examination of valve boss/neck ring welding

For the exanination of the valve boss/neck ring welding, radiographic or macro examination shall be chrried

out at sampli
in 9.2.

8.4.4 Exanpination of welding non-pressure-containing attachments

For the examination of welding of non-pressure-containing attachments, radiographicor macro examing

shall be carr
be carried ou

8.4.5 Unad

Should any

stopped and
be set aside
other approp|
and rectified,

8.5 Visua
8.5.1 This
The welded
protective co

8.5.2 The

8.6 Pressjre cycling (fatigue) test

8.6.1 The

of this test, three cylinders, which are guaranteed by the manufacturer to be representative of the min

end(s) thickn
with a non-cq

8.6.2 The

a)

hg rates and on samples taken from cylinders corresponding to non-destructive tests as\spe

ed out on at least one cylinder out of every thousand production cylinders. The examinatior
t on samples taken from cylinders corresponding to non-destructive tests specified in 9.2.

ceptable defects on radiographic or macro examination

bf the radiographic or macro examinations show any unacceptable defects, production sh
every cylinder welded since the preceding acceptable radiographic or macro examination
until it is demonstrated that these cylinders are satisfactory either by radiographic or mac
riate means. Production shall not be restarted until the cause of the defect has been establ
and the starting up test procedure as specified in'8.4.1.2 a) has been repeated.

| examination of the surface of the weld

examination, in accordance with IS0*17637, is carried out when the weld has been comp
surface examined shall be well illuminated, and shall be free from grease, dust, scale resid
pting of any kind.

veld shall conform to 7.3:5.

pbressure cycling test is only required as part of type approval testing, see 10.1. For the pury

ess set.bythe design and which include all marking (in accordance with Clause 11) shall be
rrosivie-liquid and subjected to successive reversals of hydraulic pressure.

cified

tions
may

il be
shall
ro or
shed

eted.
ue or

oses
mum
filled

ast' shall he carried cut at an or r\yr\lir\ pressure either:
=SAaH-b aFHeg-ottatah f H ! Hre—eHhRer

(alal
Pr

without failure or

b)

equal to two-thirds of the test pressure, in which case the cylinder shall be subjected to 80 000 cycles

equal to the test pressure, in which case the cylinder shall be subjected to 12 000 cycles without failure.

The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure. The frequency of
reversals of pressure shall not exceed 0,25 Hz (15 cycles/min). The temperature measured on the outside
surface of the cylinder shall not exceed 50 °C during the test.

8.6.3 After the test, the cylinder ends and the welds shall be sectioned in order to demonstrate that the wall
thicknesses are representative of the design under consideration.
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9 Acceptance procedure

9.1

9.11

General

All acceptance testing as required by this clause shall be carried out on finished production cylinders,
prior to surface treatment.

9.1.2 All cylinders shall be subject to a pressure test as specified in 8.3 and visual examination of the
surface of the welds as specified in 8.5.

9.1.3

Radiographic examination or macro examination shall be carried out as specified in 8.4.

9.1.4
sam(
calcu

9.2

9.21

A bajch shall consist of finished cylinders made consecutively by the same manufacturer usi

mand
weldi

NOTH

9.2.2

For 4
seled
250 g
1 00(

9.2.3

9.2.3

Whefe a batch contains-material from more than one cast, the manufacturer shall arrange for sa

tore
3 00(
demq
witho

Exce

Mechanical testing as specified in 8.1 and burst testing as specified in 8.2 shall-be)c

arried out on

les as specified in 9.2. The wall thickness at the thinnest point shall be measured and the s{ress shall be

lated on an adequate sample of cylinders.
Batch testing

Batch

facturing technique, to the same design, size and material specifications on the same type
hg machines and subject to the same heat treatment conditions.

In this context “consecutively” need not imply continuous: production.

Inspection lots

cceptance purposes the batch shall be divided into inspection lots not exceeding 1 000 d
tion of sample cylinders for either burst.er mechanical tests, each lot is subdivided int
ylinders during the first 3 000 cylinders of a batch and thereafter sub-lots of 500
cylinders, depending on cylinder size*(see Figure 11).

Rate of sampling

1 General

bresent each cast of material used. The reduced rate of sampling for large volume manufz
cylinders) _is("subject to written agreement with a competent body once the many
nstrate that{the batch production test results and manufacturing processes are consist
ut any major interruption of manufacture. A chart illustrating the rate of sampling is given in F

ng the same
of automatic

ylinders. For
D sub-lots of
cylinders or

mples tested
cture (above
facturer can
ently reliable
igure 11.

between the

mecH

btras ‘permitted by 9.2.4, the samples taken for “mechanical or burst test” shall be alternated

nnnnnnnnn hitrot tAactc
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@  For cylinders of volume < 351.
b For cylinders of volume > 35 |.
Size of Symbol No. of Type of tests
lot/sub-lot cylinders
250 2 one subjected to a burst test and.one subjected to a mechanicall|test
250 % 1 one subjected to a burst tést or to a mechanical test
500 2 one subjected to_a‘burst test and one subjected to a mechanicall|test
500 1 one subjected to a burst test or to a mechanical test
1000 % 2 oné subjected to a burst test and one subjected to a mechanicalltest
NOTE Cylinders required by 9:.272 to be subject to mechanical tests, and which have a water capacity less thap 6,5 |
and a burst pressure greater than-100 bar, may, at the manufacturer's discretion, be subjected to the alternative burst test.
Figure 11 — Inspection lots
9.2.3.2 Quantity less than or equal to 3 000 cylinders

9.2.3.21 From the first 250 cylinders or less in each inspection lot, representative cylinders shall be taken
at random, one for the burst test and one for mechanical tests.

9.2.3.2.2 From each subsequent group of 250 cylinders or less in the inspection lot, one representative
cylinder shall be taken at random for either a burst test or mechanical tests.

9.2.3.3 Quantity over 3 000 cylinders
9.2.3.3.1 For less than or equal to 351 capacity, for the first 3 000 cylinders in the batch, representative

cylinders shall be taken as specified in 9.2.3.2. From each inspection lot remaining, representative cylinders
shall be taken at random, one for the burst test and one for mechanical tests.
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9.2.3.3.2  For greater than 35| capacity, for the first 3 000 cylinders in the batch, representative cylinders
shall be taken as specified in 9.2.3.2. From the first 500 cylinders or less in each inspection lot remaining,
representative cylinders shall be taken at random, one for the burst test and one for mechanical tests. From
the remaining 500 cylinders or less in such inspection lots, one representative cylinder shall be taken at
random for either a burst test or mechanical tests.

9.2.4 For cylinders with a water capacity of less than 6,5 | and having a burst pressure greater than 100 bar.

Those cylinders required to be subjected to mechanical tests, may, at the manufacturer's discretion, be
subjected to the alternative burst test.

9.3 Failure to meet batch test requirements

9.3.1 In the event of failure to meet batch test requirements, retesting shall be carried out'as$ specified in
9.3.2

9.3.2 |If there is evidence of a fault in carrying out the mechanical tests, or of an-efror of megsurement, a
secohd test on the same cylinder shall be performed. If the result of this test is satisfactory, the first test shall
be ighored.

9.3.3| If the test has been carried out satisfactorily, the procedure specified in 9.3.3.1 or 9.3.3.2 shall be
followed.

9.3.311 In the event of a single cylinder failing the initial pjechanical or burst test, retesting of both

mechanical and burst properties shall be made as shown in, Table 5, the retest cylinders bging taken at
randgm from the same sub-lot.

Table 5 — Batch retest requirements

Inspection sub-lot Failure Retest
size
< 250 ™ 2M + 1B
< 250 1B 2B + 1M
> 250 ™ 2M + 2B
> 250 1B 1M + 4B

NOTE “M*denotes mechanical test and “B” denotes burst test.
9.3.3|2 In the“event of more than one cylinder failing the initial tests or one or more cylindgrs failing the

retesf specified\in 9.3.3.1, the batch shall be rejected. In the case of heat treated cylinders, if the
manyfacturer:

a) rIe-heat treats the rejected batch or

b) repairs any weld defects and re-heat treats the batch, then the batch shall be resubmitted as a new batch
as specified in 9.2.

In the case of non-heat treated cylinders, heat treatment shall only be applied if further type approval tests are
carried out and the weld procedures are qualified for the heat treated condition.
10 Technical requirements for type approval

10.1 The manufacturer shall make available a batch of at least 50 cylinders of each type, from which the
competent body shall select cylinders for test as follows:
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a) when so required by 6.4, 6.6.2, 7.8.4 d) or clause 11, a pressure cycling (fatigue) test as specified in 8.6:
3 cylinders;

b) mechani

cal tests as specified in 8.1: 2 cylinders;

c) a bursttest as specified in 8.2: 2 cylinders.

From these cylinders, two shall have radiographic/macro tests as specified 8.4.1.3 to 8.4.1.5 and 8.4.2

respectively.

10.2 Differe

nt designs of cylinder shall be considered to be of the type within the following limitations:

a) two-piege cylinders that are of the same diameter, length and thickness, equipped with thexpame
openings and manufactured using the same manufacturing techniques, and material specificationg and
on the spme type of mechanized or automatic welding machines and subject to the same heat treajment
conditions;

b) three-pigce cylinders of the same diameter and thickness, equipped with ‘the” same opehings

manufag
— the

— the

11 Markin

Each cylinds
attached nor
Where mark
does not init
cylinder shal

12 Certifi

Each batch g

tured as detailed in a) except that they can differ in length within the following limits:

ength of the cylindrical shell is not less than three times the outside diameter;

g

be permanently marked.

bation

length of the cylindrical shell is not more than 1,5 times the fength of the cylindrical shell ¢f the
cylinders tested.

r shall be permanently and legibly marked ‘@n’ a nameplate or other appropriate permanently
-pressure part, in accordance with 1ISO 13769, with the additional marks as detailed in Annex A.
ng is on the ends of cylinders it shall besxdemonstrated in the fatigue and burst test that fhilure
ate in the markings and the markingsare legible. Any limitation on the LPG to be put info the

f cylinders shall be covered by a certificate to the effect that the cylinders meet the requirements
of this Interngitional Standard, in-all respects. A typical example of a certificate is given in Annex B.
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