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reword

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
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f[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

main task of technical committees is to prepare International Standards. Draft, Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

18172-1 was prepared by Technical Committee ISO/TC 58,.Gas cylinders, Subcommittee SO
gn.

18172 consists of the following parts, under the general title Gas cylinders — Refillable weld
| cylinders:

Part 1: Test pressure 6 MPa and below

Part 2: Test pressure greater than 6 MPa

y with the

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

Standards

bted by the technical committees are circulated to the member bodies for, voting. Publication as an

ct of patent

3, Cylinder

pd stainless
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Introduction

The purpose of this part of ISO 18172 is to provide a specification for the design, manufacture and testing of
refillable transportable welded stainless steel gas cylinders with a test pressure up to 6 MPa (60 bar).

The specifications given are based on knowledge of, and experience with, materials, design requirements,
manufacturng processes and conirol during manuiacture of cylinders In common USE.

ISO 18172 |has been prepared to address the general requirements in Section 6.2.1 of the -UN mpdel
regulations [for the transportation of dangerous goods ST/SG/AC.10/1/Rev.13. It is intended to be'used under
a variety of regulatory regimes, but has been written so that it is suitable for use withthe conformity
assessment system in paragraph 6.2.2.5 of the above-mentioned model regulations.
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Gas cylinders — Refillable welded stainless steel cylinders —

Part 1:

Test pressure 6 MPa and below

1 |Scope

Thig part of 1ISO 18172 specifies minimum requirements concerning material,"“design, constfuction and
workmanship, manufacturing processes and testing of refillable transportable ‘welded stainles steel gas
cylipders, of water capacities from 0,51 up to and including 500 I, for compressed, liquefied and dissolved
gases. This part of 1ISO 18172 is applicable only to cylinders manufactured from stainless stegls with test
pregsures up to 6 MPa (60 bar).

If rdquired, transportable large cylinders of water capacity above 50 | and up to 500 | may be manufactured
and|certified to this part of ISO 18172, providing that handling facilities are provided (see 6.5.5).

Forlacetylene service, additional requirements for the cylinder-and the basic requirements for the porous mass
are jgiven in 1ISO 3807-1 and I1SO 3807-2.

2 [Normative references

The| following referenced documents argvindispensable for the application of this document| For dated
refefences, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments)-applies.

ISO[2504:1973, Radiography of welds and viewing conditions for films — Utilization of recommended patterns
of image quality indicators (1.Q.1.)

ISO|3651-2, Determination of resistance to intergranular corrosion of stainless steels — Part| 2: Ferritic,
ausfenitic and ferritic*austenitic (duplex) stainless steels — Corrosion test in media containing sulfyric acid
ISO|5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding
excluded) —Quality levels for imperfections

ISO|6506%1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO 6892, Meftallic materials — Tensile testing at ambient temperature

ISO 7438, Metallic materials — Bend test

ISO 9328-7:2004, Steel flat products for pressure purposes — Technical delivery conditions — Part 7:
Stainless steels

ISO

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

ISO 9956-1, Specification and approval of welding procedures for metallic materials — Part 1: General rules
for fusion welding

© 1SO 2007 — All rights reserved
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ISO 9956-3, Specification and approval of welding procedures for metallic materials — Part 3: Welding

procedure tests for arc welding of steels

ISO 11114-1, Transportable gas cylinders — Compatibility of cylinder and valve materials with gas

contents —
1ISO 11117,

ISO 13769,

Part 1: Metallic materials
Gas cylinders — Valve protection caps and valve guards — Design, construction and tests

Gas cylinders — Stamp marking

ISO 14732, Welding personnel — Approval testing of welding operators for fusion welding and of resistance

weld setters
ISO 17636,
ISO 17637,

ISO 20807,
testing

for fully mechanized and automatic welding of metallic materials
Non-destructive testing of welds — Radiographic testing of fusion-welded joints
Non-destructive testing of welds — Visual testing of fusion-welded joints

Non-destructive testing — Qualification of personnel for limited applicatiotn of non-destru

3 Terms, definitions and symbols

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

3.1 Ternm

3.141

yield stress

value corre
1 % proof s

3.1.2

solution arn
softening h
solid solutig

3.1.3

cryoforming

process wh
permanent

3.14
cold worki

s and definitions

sponding to 0,2 % proof stress (Rp072) or, for'austenitic steels in the solution annealed condi
fress (Rp1‘0)

nealing
pat treatment for austenitic steéls in which a cylinder is heated to a uniform temperature above
n temperature, followed by(rapid cooling

ere the cylinder is-subjected to a controlled low temperature deformation treatment that results
ncrease in strength

Ng

plastic defg

rmation treatment given to sheet material at ambient temperature, with the aim of permansg

btive

ion,

the

ina

ently

increasing the-material strength

3.1.5

cold forming
final deformation treatment at ambient temperature given to the prefabricated cylinder, known as the preform,
which results in a permanent increase in the material strength

3.1.6
batch

quantity of cylinders made consecutively by the same manufacturer, using the same manufacturing
techniques, to the same design, size and material, from the same cast on the same type of welding machines
and welding procedures

© 1SO 2007 — All rights reserved
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design stress factor

F

ratio of equivalent wall stress at test pressure (py,) to guaranteed minimum yield stress (R,)

3.1.8

meta-stable austenitic steel
CrNi stainless steel, which is austenitic in the annealed state at room temperature, but is unstable regarding
transformation when plastically deformed at low temperatures

3.2—Symbels

a calculated minimum thickness, in mm, of the cylindrical shell

a' guaranteed minimum thickness, in mm, of the cylindrical shell, including any. corrosior
(see 7.1.1)

as calculated value of a used in the calculation of 5 (see 5.3.2)

ay, | mean wall thickness, in mm, of the cylindrical shell of the cylinder preform

A percentage elongation after fracture

b calculated minimum thickness, in mm, of the cylinder end

b' guaranteed minimum thickness, in mm, of the cylindér end (see 7.1.1)

C shape factor of dished ends

D outside diameter, in mm, of the cylinder (see Figure 1)

D diameter of former, in mm (see 8.4.83,and Figure 10)

D, | mean diameter of the cylindrical shell of a cylinder preform, in mm

F design stress factor (s€e)3.1.7)

Je cryoforming facter€stablished by the manufacturer for each batch of cylinders

h height, in nim}-of the cylindrical part of the end (see Figure 1)

H outside\height, in mm, of the domed part of the end (see Figure 1)

J stress reduction factor

L length, in mm, of the cylinder

n ratio of diameter of bend test former (D) to the thickness of the test piece (¢)

Dp measured burst pressure, in MPa (bar)!), above atmospheric pressure, in the burst test

De cryoforming or cold forming pressure in MPa (bar), above atmospheric pressure

1) 0,1 MPa=10%Pa =1 bar

© 1SO 2007 — All rights reserved
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hydraulic test pressure, in MPa (bar), above atmospheric pressure
observed yield pressure, in MPa (bar), above atmospheric pressure

inside radius of the knuckle end, in mm (see Figure 1)

inside radius of the dished end, in mm (see Figure 1)

stress, in MPa, as defined in 3.1.1 and used for design calculation

Ph

Py

r

R

Ry,  yield

Rey valu

Rpp,2 minin
cyling

Rp1,0 minin
cyling

Ry minin
cyling

Ry, actug

t actug

NOTE i

the cylindricg

4 Materials and heat treatment

4.1

411 Ma
drawing an

41.2 Grg
(e.g. corros

41.3 Thg
and duplex
test in acco|

414 Thg
retaining p3

General

£ Ll % 1 ralal Fy H M dat H ol 4l 4+ +l 4+ 4+
UT 1S aviudl yIUIU QUTOO, IMTIVIT a4, UTITTTTHTITCU Uy Uuic tCrionct 1Cotl

num value of 0,2 % proof stress, in MPa, guaranteed by the cylinder manufacturer for the\finis
er, in accordance with ISO 6892 (see Note)

num value of 1,0 % proof stress, in MPa, guaranteed by the cylinder manufacturer ifor the finis
er, in accordance with ISO 6892 (see Note)

hum value of tensile strength, in MPa, guaranteed by the cylinder manufacturer for the finig
er

| value of tensile strength, in MPa, determined by a tensile test (see8.3)
| thickness of the test specimen, in mm (see Figure 7)

or cryoformed and cold formed cylinders, the minimum value ‘glaranteed by the manufacturer refers on
| part of the finished cylinder.

erials of shells and end pressings shall be stainless steels in a condition suitable for pressin
welding, and shall conform te{SO 9328-7.

des of steel used for theeylinder manufacture shall be compatible with the intended gas ser
ve gases, embrittling-gases), in accordance with ISO 11114-1.

re is a risk of sensitization to intergranular corrosion resulting from the hot processing of auste]
stainless ste€ls.”If any heat treatment was done during manufacturing, an intergranular corro,
rdance with\7:3.3 shall be carried out.

manufacturer shall be able to guarantee cylinder steel casting traceability for each press|
rt.of'the cylinder.

hed

hed

hed

ly to

g or

vice

nitic
sion

ure-

415

All parts welded to the cylinder shall be made of compatible material with respect to the weldability.

4.1.6 The cylinder manufacturer shall obtain and provide material certificates of the ladle analysis from the
steel manufacture of the steel supplied for the construction of the pressure-retaining parts of the cylinder and

for the weld

ing consumables.

4.1.7 Some grades of stainless steel may be susceptible to environmental stress corrosion cracking (SCC).
A check shall be made of the material standard to ensure that the selection of material is compatible with the
intended service. Special precautions shall be taken, e.g. by carrying out a post-processing SCC test or by
using a grade of material more resistant to SCC. No special precautions shall compromise any other
requirements in this part of ISO 18172.
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4.1.8 The welding consumables shall be such that they are capable of giving consistent welds. The strength
characteristics of the welds shall not be less than those considered in the design and/or calculations.

4.1.9 Cylinders for acetylene service shall be manufactured with materials compatible with the
manufacturing process of the porous mass, or an internal coating shall be applied.

4.2 Categories

The following three broad categories of stainless steels are recognised:

forritio:
TCTT sy

— |austenitic;
— |ferritic/austenitic (duplex).

Thel steels used shall be in accordance with ISO 9328-7.

4.3| Heat treatment
4.3.1 For cylinders subjected to cold forming or cryoforming proc€sses, heat treatment of the preform
component part is not required. Cryoformed cylinders shall not be stbjected to any subsequent heat treatment
or t¢ additional heat application, such as welding.

4.3.2 Raw materials used for the manufacture of pressure-retaining parts of the cylinders shall he annealed
for flerritic steels, or solution annealed for austenitic and duplex steels (see 1ISO 9328-7:2004, Annegx C).

4.3.8 The cylinder manufacturer shall obtain and-provide certificates for the heat treatment [of all parts
covered by 4.3.2 that are used for the construction.'of the gas cylinders.

4.3.4 The cylinder manufacturer shall maintain records of any heat treatment carried out.

4.4| Test requirements

Thelmaterial of the finished cylinders shall satisfy the requirements of Clause 7.

5 |Design

5.1 General réquirements

5.11 The\calculation of the wall thickness of the pressure containing parts shall be related fo the yield
streps of the parent material.

5.1.2 “OFor calculation purposes, the value of the yield stress R, is limited to a maximum of 0,85 R}.

5.1.3 The internal pressure upon which the calculation of gas cylinders is based shall be the test pressure
Ph-

5.1.4 A fully dimensioned drawing of the material, including the specification, shall be produced.
5.1.5 Cylinders for acetylene service shall be designed to allow for a test pressure of 6 MPa (60 bar).

5.1.6 Cylinders for acetylene service shall be designed and manufactured to ensure that conditions are safe
for the eventual filling of the porous mass, e.g. ensuring that there are no sharp edges and voids.

© 1SO 2007 — All rights reserved 5
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5.2 Calculation of cylindrical shell wall thickness

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

D[1_\/10-F~J~Re—«/?phJ

(1)

a=—

2 10-F-J-Rg
where
F  =@7FF
J =1 for circumferential welds
J  =0,9 for longitudinal welds

The minimym wall thickness shall also satisfy the requirements of 5.4.

5.3 Design of convex ends

5.3.1 The shape of ends of gas cylinders shall be such that the following conditions are fulfilled:
— for torigpherical shaped ends [see Figure 1a)l: R<D; r=01D;v h=4b

— for elligsoidal shaped ends [see Figure 1 b)]: H>0192D\"h>4b

5.3.2 The wall thickness, b, of the ends of gas cylinders_shall be not less than that calculated using| the
formula

b= 611 C (2)
where

a4 is fhe value of a calculated in accardance with 5.2, using /= 1,0

C is p shape factor, whose value shall be obtained from the graph given in Figure 2 or Figure 3.

5.3.3 For|cryoformed cylindérs; convex ends shall be hemispherically shaped. The shape factor C shall be
equal to 1.

The minimym 1,0 % proof stress to be achieved in the hemispherical ends shall be equal to

Ry =Ry 0% (@+ 2b) (3)

6 © 1SO 2007 — All rights reserved
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Outside Inside Outside Inside
W h B H o, h
b
<t ) |, b [}
Pl
Q Q

Y v

a) Torispherical shaped end b) Ellipsoidal shaped end

NOTE For torispherical shaped ends, the height A can be calculated using
H=(R+b)—\/[(R+b)—§]-[(R+b)+§—2(r+b)] 4)
Figure 1 — lllustration of cylinder ends

© 1SO 2007 — All rights reserved 7
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Figure 2 — Values of shape factor C for H/D between 0,2 and 0,25

0,9 N

0,8
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Figure 3 — Values of shape factor C for H/D between 0,25 and 0,5
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5.4

5.4.1

ISO 18172-

Minimum wall thickness

derived from the following formulae, as appropriate:

forD <100 mm:a=56=1,1mm

for 100 mMm <D <150 mm:a=5b=1,1+ 0,008 (D — 100) mm

forD>150mm:g=56= % + 0.7 mm. with an absolute minimum of 1.5 mm

1:2007(E)

The minimum wall thickness of the cylindrical shell a and of the end b shall be not less than the value

The]
und

5.4.
as g

5.4.

doni
doni

5.5

End
deni

5.6

5.6.

cylipders, where openings may be in the cylinder sidewall.

5.6.
con

no harmful stress concentrationsy This shall be confirmed by design calculations or a pressure cy

acc

5.6.
dist

6

6.1

se formulae apply to cylindrical shells and ends irrespective of whether they are designed by
er 5.2 and 5.3, or in accordance with 5.5.

P Apart from the requirements of 5.3, 5.4 and 5.5, any cylindrical part integral with an end §
ualified by 5.4.3, also satisfy the requirements given in 5.2 for the cylindrical shell.

B Where the length of the cylindrical portion of the gas cylinder, measured between the begi

ed parts of the two ends, is not more than +2»p , the wall thicknessshall be not less than
ed part (see 5.3.2).

Ends of other shapes

s of shapes other than those covered by 5.3 may be used, provided that the adequacy of thg
onstrated by a pressure cycling test in accordance with'7.3.2, or by stress analysis.

Design of openings

1 The location of all openings shall be-restricted to the end(s) of cylinders, except for ¢

P Each opening in the cylinder-shall be reinforced either by a valve boss or pad, of w
patible steel, securely attache@by welding and so designed as to be of adequate strength ang

brdance with 7.3.2.

B The welds of.the openings shall be separated from longitudinal and circumferential
hnce not less than-3a.

Construction and workmanship

General

calculation

hall, except

hning of the
that of the

bir design is

ertain LPG

pldable and
to result in
cling test in

joints by a

The

cylinder or cylinder preform shall be produced by using one of the following:

seamless or longitudinally welded tube with forged or deep drawn ends circumferentially welded,

longitudinally welded tube with spun ends,
a seamless tube, followed by hot forming where the base is sealed with added weld metal,
cold worked tube or plate,

welded deep drawn parts,

© 1SO 2007 — All rights reserved
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welded

cold forming or cryoforming of welded cylinder preforms, or

6.2 Welding procedures

plate material rolled and formed with longitudinal weld, with forged or deep drawn ends circumferentially

Before proceeding with the production of a given design of cylinder, each manufacturer shall qualify all
welding procedures to ISO 9956-1 and 1SO 9956-3, and welders to ISO 14732 and ISO 9606-1. Records of
such qualification shall be kept on file by the manufacturer.

6.3 Crchforming procedure

6.3.1 Crypforming, as defined in 3.1.3, is a method to increase the mechanical properties)of.'espedially
metastable | austenitic steels by applying a high internal pressure to the vessel preformsat cryogenic
temperatures.
The relevarjt process parameters are the cryoforming pressure p. and the cryoforming temperature.
The design|of the finished cylinder shall be in accordance with Clause 5.
6.3.2 Thg cryoforming operation shall be carried out at a cryoforming pressure p., which shall be calculated
according tp
Je X Rp10x20xa
pc _ C p m (8)
Dm

J. depends pn the cryoforming temperature, the cast analysis for each batch of cylinders and the yield strepgth
to be achigved, and shall be established by the manufacturer such that the finished cylinders satisfy| the
requirements as specified in Clauses 5 and 8. Between’batches of one design of cylinder (as defined in 3.1.6),
J shall not yary by more than + 10 %.
6.3.3 Forl each cryoformed cylinder, the “manufacturer shall record a pressure-time diagram of| the
cryoforming process, where the rate of pressure increase, the achieved cryoform pressure and the holfing
time are shpwn. The rate of pressure increase shall not be more, and the holding time shall not be less, than
that establighed during the design testing for the cylinder.
6.3.4 The maximum permanent deformation of the vessel's perimeter due to the cryoforming shall b¢ no
more than 15 %.
6.3.5 The cryoforming-temperature shall remain constant during the process (e.g. by submerging| the
cylinder preform in a‘suitable cryogenic liquid) and shall be established during the design test.
6.4 Welded joints of pressure-containing parts
6.4.1 The longitudinal joint, of which there shall be not more than one, shall be butt-welded.
6.4.2 Circumferential joints, of which there shall be no more than two in the cylindrical part, shall be butt-
welded in all cases for cryoformed cylinders.
6.4.3 For acetylene service, the joints shall be designed in such a way as to eliminate the risk of damaging

the porous mass.

6.5 Non-

6.5.1

pressure-containing attachments

of steel compatible with that of the cylinder, e.g. selected to avoid corrosion couples.

10

Parts which are not submitted to pressure, such as foot rings, handles and neck rings, shall be made
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Each attachment shall be clear of longitudinal and circumferential joints, and so designed as to permit

6.5.3 A foot ring or other support shall be fitted to the cylinder when required to provide stability, and
attached so as to permit inspection of the bottom circumferential weld. Permanently attached foot rings shall
be drained and the space enclosed by the foot ring shall be ventilated.

6.5.4

shall be welded to the cylinder preformed component before cryoforming.

6.5.5

lift t
welq
truc

6.6

6.6.
rele
(in g

6.6.
ISO

6.6.
in 4
pro
ISO

6.7

The)
thug
usin
takd

burrs.

NOT

gauges are specified in ISO-11191.

6.8

6.8.

Bef
free

Dependmg on the geometry of the cyllnder and the surroundlng conditions, vessels of wa

uck In addition, the cylinder itself shall have a suitable prOV|S|on for such a lift to be miad
led onto the top dome area of the cylinder and/or slots underneath the cylinder where the forks|
k can be engaged in a safe manner.

Valve protection

I Valves of cylinders of more than 5 | water capacity shall be protected fromdamage which
hse of gas, either by the design of the cylinder (e.g. protective shroud) or by a valve prote
ccordance with ISO 11117).

P When a protective shroud is used, it shall fulfil the requirements of the drop test, as d
11117.

B The requirements of 6.6.1 and 6.6.2 may be waived when the cylinders are intended to b
undles or cradles or when, transported as single cylinders, some other effective valve p
ided and it can be demonstrated that the valve canWithstand damage without leakage of p
10297).

Neck threads
internal neck threads shall conform to.a.recognized standard to permit the use of a correspo
minimizing neck stresses following.theé valve torquing operation. Internal neck threads shall

g gauges corresponding to the spegcific neck thread, or by an alternative method. Particular ¢
n to ensure that neck threads.are accurately cut, are of full form and free from any sharp

E For example, where-the neck thread is specified to be in accordance with ISO 10920, the c

Visual examination

1 Unacceptable defects

bre .assembly, the pressure-retaining parts of the cylinder shall be examined for uniform
dom from unacceptable defects, examples of which are given in Annex B.

In the case of cylinders subjected to a cryoforming process, the non-pressure-retaining attachments

ter capacity
nt, e.g. fork
e, e.g. lugs
of a fork lift

could cause
ttion device

escribed in

e conveyed
rotection is
roduct (see

nding valve,
be checked
are shall be
rofiles, e.g.

prresponding

quality and

6.8.2 Welds

6.8.2.1

Before the cylinders are closed, longitudinal welds shall be visually examined from

Permanent backing strips shall not be used with longitudinal welds.

6.8.2.2

with

6.8.2.3

out under-cutting or abrupt irregularity.

both sides.

All welds shall have a smooth finish without concavity, and shall merge into the parent material

All butt welds shall have full penetration (see Figures 8 and 9). The excess thickness shall be

such that the weld integrity is not compromised. Joggled butt welds shall have their penetration verified by
macro etch, bend testing or tensile testing. Lap welds shall have their penetration verified by macro etch and
bend testing. The tests shall be carried out as specified in Clause 8.

© 1SO 2007 — All rights reserved
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6.8.2.4 Radiographic examination, radioscopic examination, or non-destructive examination (NDE)
carried out using another suitable method shall be as specified in Annex A.

6.8.3 Out of roundness

The out of roundness of the cylindrical shell shall be limited such 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 not more than 1,5 % of the mean of these diameters for three-piece
cylinders.

6.8.4 Straightness

Unless othgrwise specified on the manufacturing drawing, the maximum deviation of the cylindrical part of the
shell from g straight line shall not exceed 0,3 % of the cylindrical length.

6.8.5 Verticality

When the ¢ylinder is standing on its base, the cylindrical shell and concentric opening shall be vertical to
within 1 % ¢f the cylindrical length.

7 New design tests

7.1 General requirements
7.1.1 Tesgting shall be carried out for each new design of cylinder.

A cylinder ghall be considered to be of a new design, compared with an existing design, in the case of one of
the following:

— itis mgnufactured in a different factory;

— it is manufactured by a different welding.or manufacturing process or there is a radical change i an
existing process, e.g. change in heat treatment, change in cold working or cryoforming operation;

— it is mgnufactured from a steel of different specified chemical composition range;
— itis given a different heat treatment, as specified in 4.3;

— there i$ a change in base’profile, e.g. concave, convex, hemispherical, or there is a change in the hase
thickngss/cylinder diameéter ratio;

— the gugranteed.minimum yield stress (R,) and/or the guaranteed minimum tensile strength (Rg) has
changgd;

— the ovgralllength of the cylinder has increased by more than 50 % (cylinders with a length/diameter fatio
less than 3 shall not be used as reference cylinders for any design with this ratio greater than 3);

— the outside diameter has changed by more than + 2 %;

— the guaranteed minimum wall thickness (a’) or the guaranteed minimum end thickness (4') has been
decreased;

— the hydraulic test pressure has been changed (where the cylinder is to be used for a lower pressure duty
than that for which the cylinder was approved, it shall not be deemed a new design);

— the cryoforming factor (/) varies by more than + 10 % for cryoformed cylinders; or

— adifferent cryoforming temperature is used.

12 © IS0 2007 — All rights reserved
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7.1.2 A technical specification of the cylinder, including design drawing, design calculations, material details,
welding and manufacturing process and heat treatment, shall be prepared by the manufacturer and attached
to the design test certificate (see Annex C).

7.1.3 A minimum of 25 cylinders, which shall be guaranteed by the manufacturer to be representative of a
new design, shall be made available for design testing. However, if the total production is less than
25 cylinders, enough cylinders shall be made to complete the tests required, in addition to the production
quantity. In this case, the design test certificate is limited to the particular batch.

7.1.4 The testing process shall include the verifications and tests listed in 7.2.1 and 7.2.2 respectively.

7.2| Verifications and tests

7.2.1 Verifications

It shall be verified that:

— |the requirements of Clause 4 (materials) are fulfilled;
— |the design conforms to the requirements of Clause 5;

— |the thickness of the walls and domed ends of two cylinders tneet the requirements of 5.2 to 5.5, the
measurements being taken at a minimum of three transverse)sections of the cylindrical part and on a
longitudinal section of the base and head;

— |the requirements of Clause 6 and Annex A are fulfilled-for all cylinders selected.

7.2.2 List of tests

Thel following tests shall be performed on cylinders selected after the welds of the cylinders have bgen visually
insgected:

— |the tests specified in 8.3 (tensileest), 8.4 (bend test) and 8.5 (macroscopic examination of weld cross-
sections) on two cylinders, the test pieces being identifiable to the batch;

— |the test specified in 7.3,1( (hydraulic burst test) on two cylinders, the cylinders bearing representative
stamp marking;

— |radiographic examination, radioscopic examination or non-destructive examination carrieq out using
another suitable.meéthod, in accordance with Annex A;

— |the test specified in 7.3.2 (pressure cycling) on one cylinder, the cylinder bearing representgtive stamp
marking;

— |theltest specified in 7.3.3 (corrosion test) on one cylinder when the cylinders are intended for use in
corrosive gas service (see ISO 11114-1) and are manufactured from austenitic or duplex stain|ess steels.

These tests shall be performed with finished cylinders after all manufacturing processes, including cold
forming or cryoforming steps, have been completed.

7.3 Descriptions of tests

7.3.1 Hydraulic burst test

7311 Cylinders subjected to this test shall bear markings in accordance with the complete stamp
markings required for the finished cylinder. The hydraulic burst test shall be carried out with equipment which
enables the pressure to be increased at a controlled rate, not more than 0,1 MPa/s (1 bar/s), until the cylinder
bursts and the change in pressure with time is recorded.
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The burst pressure (p,) shall be at least 2,25 times the test pressure. The observed yield
pressure (py) shall be equal to or greater than the value calculated by the following formula:

Py = PilF

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

&)

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

7.3.2 Pressure-eyelingtes

7.3.21
markings. S

7.3.2.2

reversals at
cyclic press
shall not e
shall not ex

7.3.2.3

7.3.2.4

test certificaite. The centre of the cylinder base of production cylinders shall not be more than 15 % thi

than the red

7.3.3 Cor

An intergra
testing for
steels speq
geometry s

The mechaq
samples sh
be taken frqg

Corrosive d
specified in

7.4 Desi

If the result
which is givj

to a diametral plane, and shall display a reduction of area throughout their thickness.

3

The pressure cycling test shall be carried out on three cylinders bearing the required-st
ee Clause 11 for the particular requirements concerning the stamp marking on the dome,ends

This test shall be carried out with a non-corrosive liquid, subjecting the cylinder/to succes|
an upper cyclic pressure which is equal to the hydraulic test pressure (p;,). Thewalue of the Ig
ure shall not exceed 10 % of the upper cyclic pressure. The frequency of\reversals of pres
ceed 0,25 Hz (15 cycles/min). The temperature measured on the outsideysurface of the cyli
ceed 50 °C during the test.

The cylinder shall be subjected to 12 000 cycles without leakage or-failure.

The thickness of the centre of the cylinder bases shall be measured and recorded on the de

orded thickness for the prototypes.

fosion test
nular corrosion test shall be carried out in aceordance with ISO 3651-2 on one cylinder for de

ified in 4.2. The specimens shall be taken from a part of the cylinder providing a speci
hitable for bend testing.

nical properties may depend._on the location of the samples, therefore the exact location of
bll be identified and this location shall be as indicated in Figure 4 or Figure 5. Two specimens §
m the location shown in Eigure 4 or Figure 5, as appropriate.

ases are listed in 4SO 11114-1, and cylinders for such gases shall be stamp-marked “H”
ISO 13769.

gn testing certificate

s of the’checks are satisfactory, a design testing certificate shall be issued, a typical exampl
eninAnnex C.

hmp
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sure
nder

s5ign
hner
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cylinders which are intended to be used\for corrosive applications and are manufactured from

men

the
hall

as

8 Batch tests

8.1

General

For the purpose of carrying out the batch testing, a random sample of cylinders, as indicated in Table 1, shall
be taken from each batch, as defined in 3.1.6. A batch shall consist of a maximum of 3 000 cylinders. All batch
tests shall be carried out on finished cylinders.

14
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Table 1 — Batch sampling
. Number of cylinders to be tested
Batch size Number of cylinders )
taken as samples Metc;hsatz;cal Burst tests? Radiography
up to 200 2 1 1
201 to 500 3 1 2
See Annex A
501 to 1 500 9 2 7
1 501 to 3 000 18 3 15
@  Mechanical tests comprise tensile tests (in accordance with 8.3), bend tests (in accordance with~8.4), and
macroscopic examination of weld cross-sections (in accordance with 8.5).
b In accordance with 7.3.1.
8.2| Information
Forlthe purpose of batch testing, the manufacturer shall provide the following:
the design test certificate;
the certificates for the material of construction, as required.in‘4.1.6, stating the cast analyses|of the steel
supplied for the construction of the cylinders;
a list of cylinders, stating serial numbers and stamp markings as required;
a statement of the thread checking method used;and the results thereof.
Tensile test
1 General
Thel tensile test on parent materiak shall be carried out on a test sample taken from a finished cylinder in
accprdance with the requirements of ISO 6892. The two faces of the test sample formed by the ingide and the
outdide surfaces of the cylinder shall not be machined. Only the ends may be flattened, by cold pressing, for

gripping in the test machine.) The tensile test on welds shall be carried out in accordance with 8.3.3,

Each sample cylinder-shall be subjected to the following tests:

b)

places shown in Figure 4:

1)/.0ne tensile test (in accordance with ISO 6892), parent metal in the geometric longitudinal

2) one tensile test (in accordance with 8.3.3) perpendicular to the circumferential weld,;

3) one bend test (in accordance with 8.4) of the circumferential weld;

for cylinders>containing only circumferential welds (two-piece cylinders), on test specimens taen from the

direction of

the cylinder, or, if it is not possible, in the circumferential direction, or the centre of one dighed end;

for cylinders with longitudinal and circumferential welds (three-piece cylinders), on test specimens taken

from the places shown in Figure 5:

1) one tensile test (in accordance with ISO 6892), parent metal of the cylindrical part in the longitudinal

direction, or, if this is not possible, in a circumferential direction;

2) one tensile test (in accordance with ISO 6892), parent metal from one dished end;

© 1SO 2007 — All rights reserved
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one tensile test (in accordance with 8.3.3) of the longitudinal weld;
one bend test (in accordance with 8.4) of the longitudinal weld;
one tensile test (in accordance with 8.3.3) of the circumferential weld;

one bend test (in accordance with 8.4) of the circumferential weld.

8.3.2 Tensile test samples from parent material

8.3.21 The fnlln\uing test enmplnc shall be taken from the parent material (cnn I:ignrnA for two. part

cylinders and Figure 5 for three-part cylinders):

— one tensile test sample from either of the ends (if the ends are of materials from different .suppliers, a
tensile [test sample shall be taken from each end);

— one lopgitudinal tensile test sample (for three-part cylinders from the section 180° away from|the
longitugiinal weld); for cold formed or cryoformed cylinders, the tensile samples shall be taken from| the
middle[section of the cylindrical shell.

8.3.2.2 The values obtained for the yield stress (R,,) and tensile strength (R,,) shall not be less than

those guargnteed by the cylinder manufacturer and not less than those giver’in 1ISO 9328-7. For cylingders

subjected tp heat treatment, elongation values shall be at least 14 %.<Cower elongation values are t¢ be
expected fgr non-heat-treated cylinders if the result of the burst test is clearly without fragmentation.

8.3.3 Tenkile test samples taken from welds

8.3.3.1 The following test samples shall be taken from welds:

— one tersile test sample from any longitudinal weld;

— one ternsile test sample taken from each circumferential weld, if made by different welding procedures

8.3.3.2 The tensile test transverse to the~weld shall be carried out on a test sample having a redyced

section 25 mm wide over a length of 15.mm beyond the edge of the weld. Outside this central part, the width

of the test Sample shall increase progréssively (see Figure 6).

8.3.3.3 The tensile strength (value obtained shall be at least equal to the minimum value specified in

8.3.2.2 for the parent metal, regardless of the position of the fracture.
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—7 5
L
N_ N 7

\ /
%

2
4
Key|
1 [ tensile test piece
2 [l tensile test piece, 1 root bend test piece, 1 face bend test piece
3 [l tensile test piece (required only if insufficient cylindrical length available)
4 |weld
5 [orrosion test piece
Figure 4 — Test pieces from two-part cylinders
2 1
\ = *
3
] 6
4 J
\\ 4
5
Key
1 [ ténsile test piece

1 tensile test piece, 1 root bend test piece, 1 face bend test piece

3 1 tensile test piece, 1 root bend test piece, 1 face bend test piece (required only if welded by a different process from
longitudinal weld, see 8.3.2.1 and 8.3.3.1)

welds
1 tensile test piece
1 corrosion test piece

[N é) I N

Figure 5 — Test pieces from three-part cylinders
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Dimensions in millimetres

25

A
Y

Key
1 weld

Figure 6 — Dimensions of test sample

8.4 Ben<|| test

8.41 The bend test shall be carried out in accordance with ISO 7438. Specimens shall be taken in
accordance with Figure 4 or Figure 5, with dimensions as shown in Figure 7.

8.4.2 The following bend tests are required:

— one root and one face bend test from any longitudinal weld;

— one root and one face bend test from each circumferential weld if made by different welding processes.
8.4.3 The test piece shall not crack when bent inwards around a former until the inside edges are not

further apart than the diameter of the former (see Figure 10).The former shall be placed in the centre of the
weld while the test is being performed.
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8.4.4 The ratio n between the diameter (D) of the former and the thickness (¢) of the test sample shall be as

shown in Table 2.

Table 2 — Bend test requirements

Actual tensile strength R |
MPa

Value of n

R, <440

440 <R, <520

520 < R, < 600

600 < R, < 700

700 <R, < 800

800 < R,, < 900

Ol N|OOjJOa| M| DN

R,,> 900

A

Dimensions |n millimetres

150

 J

40

<

a8  Weld dressed flush.

Figure 8 — Transverse guided bend test — Butt weld specimen
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8  Weld dressed flush.

Figure 10—~ IHustration of bend test

8.5 Macroscopic examination(of weld cross-sections
A macroscppic weld examination for each type of welding procedure shall be performed. It shall show

complete flision and shall _be)free of any assembly faults or unacceptable defects. In case of douljt, a
microscopi¢ examination shall be made of the suspect area

8.6 Chec¢ks andverifications

The following.checks and verifications shall be carried out on each batch of cylinders.

— Ascertain that a batch test certificate has been obtained and that the cylinders conform to it.

— Check whether the requirements set out in Clauses 4, 5 and 6 have been met, and in particular check by
an external and internal examination of the cylinders whether the construction and checks carried out by
the manufacturer in accordance with Clause 6 are compliant. The visual examination shall cover at least
10 % of the cylinders submitted. However, if a defect as described in Table B.1 is found, 100 % of the
cylinders shall be visually inspected.

— Carry out or witness the tests specified in 8.3 (tensile test), 8.4 (bend test), 8.5 (macroscopic examination
of weld cross-sections) and 7.3.1 (hydraulic burst test) on the number of cylinders specified in 8.1.

— Assess the results of the NDE as specified in Annex A.
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Check whether the information supplied by the manufacturer is correct; random checks shall be carried

9 Tests on every cylinder
9.1 Pressure test
Each cylinder shall be subjected o a pressure test. When carrying out a pressure test, the pr

medium may be liquid or gas, provided that appropriate safety precautions have been taken.df\w
as the test medium, the chloride content shall be controlled to avoid the risk of corrosion.

NOTE A pneumatic pressure test can be used, provided that measures are taken to ensure safe ope
contgin any energy which can be released, which is considerably more than that in the hydraulic tést.

The) pressure in the cylinder shall be increased at a controlled rate until the pressure (py) is re
cylipder shall remain under pressure p,, for at least 30 s to establish that the{pressure does not fa
is np visible deformation of the cylinder and that there are no visible leaks:

9.2| Hardness test

Evel
of t
fornping or cryoforming procedure. The hardness values thus determined shall be within the limits

ry cylinder which has been subjected to cold forming or cryoforming shall be hardness tested i

the |cylinder manufacturer for the material, and thecold forming or cryoforming conditions u
prodluction of the cylinder.

9.3| Leakage test

Where the manufacturing process has.included a pneumatic pressure test as in 9.1, no leak

required. Otherwise, each cylinder shall be subjected to a leakage test, e.g. low pressure pneun
helium leak test. There shall be noeakage from the cylinder.

10 |Failure to meet test requirements

In the event of failuretio)meet test requirements, retesting shall be carried out as follows.

a) |If there is evidence of a fault in carrying out a test, or an error of measurement, a further t
performed) If the result of the test is satisfactory, the first test result shall be ignored.

b) |If the\test has been carried out in a satisfactory manner, the cause of test failure shall be ident

bssurisation
ater is used

ration and to

ached. The
I, that there

h the centre

he cylindrical part, in accordance with 1ISO 6506-1. The hardness test shall be carried out after the cold

specified by
sed for the

age test is
hatic test or

st shall be

fied:
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all the cylinders of the batch to one further heat treatment;

2) if the failure is not due to the heat treatment (if applied), all the identified defective cylind

may subject

ers shall be

rejected or repaired by an approved method. The repaired cylinders are then considered to be a new

batch.

The cylinders from the repaired batch and the remaining cylinders from the original batch shall be considered
as two separate batches. In both cases, the new batch shall be inspected and tested. Only the relevant tests
needed to prove the compliance to the standard shall be performed again. If one or more tests do not conform,
all the cylinders of the original batch shall be rejected.
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11 Markings

11.1 Markings shall conform to ISO 13769.

11.2 LPG cylinders shall be marked in accordance with Annex D.
11.3 No embossing shall be permitted on cylinder sidewalls.

11.4 Where marking is on the ends of cylinders, it shall be demonstrated in the fatigue and burst test that
failure does not initiate in the markings, and that the markings are legible.

12 Certiflicate

Each batch|of cylinders shall be covered by a certificate to the effect that the cylinders meet the requiremepts
of this part f ISO 18172 in all respects. Annex C provides examples of design and batch testing certificatg

2
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Radiographic examination of welds

A.1 General

The| radiographic examination shall conform to the techniques in ISO 17636. Radiographs

conlplete penetration of weld and the absence of unacceptable defects (as specified in Ahnex |

equjpment shall be operated by personnel certified to at least level 1 of ISO 20807 and su

pergonnel certified to at least level 2.

Thel| radiographic examination may be replaced by a radioscopy, or another suitable method, if
NDE method is carried out according to a process that provides the same quality of examination as
radipgraphic examination and a verifiable record of the result.

A.2 Requirements

A.211 Radiographic examinations shall be carried out as listed in Tables A.1 and A.2 after the p

in9

—_

Table A.1 — Longitudinal welds

shall show
B). The test
bervised by

the applied

ressure test

Butt weld Joggle weld
Radiographic control frequency 2@ 1% 2%
P length 100 % 100 %
ntersection of joint all all
Dverlapping zone of welds all all
P One test at the beginning and oné test at the end, per shift and per machine.

Table A.2 — Circumferential welds

Butt weld Joggle weld
Radiographic control frequency 2@ 1% 1%
Po Tength 100 % 100 %
Intersection of joint 100 % all
Overlapping zone of welds yes yes

a One test at the beginning and one test at the end, per shift and per machine.

A.2.2 Welded joints shall be radiographed for distances beyond the intersection of each joint, as defined in

Figure A1,

A.2.3 If the radiographs show no unacceptable defects and the batch tests are completed satisfactorily, the

cylinders shall be acceptable.
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A.2.4 Should any of the radiographs show an unacceptable defect, the whole of the production of the
relevant shift shall be radiographed 100 % on all welds.

Until the cause of the defect has been established and rectified, the subsequently produced cylinders shall be
radiographed on all welds.

Where more than one welding machine is used for production, the above procedure shall apply to each such
machine.

A.3 Detection of defects

A.3.1 Asgessment of the weld radiographs shall be based on the original films, in accordance~with| the
practice reqgommended in ISO 2504:1973, Clause 6.

A.3.2 Thg 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 eldngated inclusion, or any group of rounded inclusions, in a row where the’length represented over a
weld lehgth of 124 is greater than 6 mm,;

— any gap pore measuring more than (a/3) mm,;
— any gap pore measuring more than (a/4) mm, which is 25 mm or iess from any other gas pore;
— gas pofes over any 100 mm length where the total area of dllthe pores, in mmZ2, is greater than 2a.

Dimensions in millimgtres

25
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Figure A.1 — Extent of spot-radiography at weld intersections
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Annex B
(normative)

1:2007(E)

Description and evaluation of manufacturing defects and conditions
for rejection of welded stainless steel gas cylinders at time

of visual inspection
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Introduction
eral types of defects can occur during the manufacturing of a welded stainless steel gas cyl
ess, heat treatments, marking operations and other occurrences during manufacture.

aim of this annex is to identify the manufacturing defects most comménly encountered, ang
ction criteria for the inspectors who perform the visual inspection. Nevertheless, the inspect
extensive field experience and good judgement in order be able to detect, evaluate a

a)
-

ement on a defect at the time of the visual inspection (see ISO 5817).

General
1 Visual examination shall be carried out in acecordance with ISO 17637. It is essential to
nal and external visual inspection in good conditions. Appropriate sources of illumination wi

nsity shall be used, e.g. at least 50 lux.

surface of the metal, in particular that“of the inner wall, shall be clean, dry and free fro
ucts, corrosion and scale because these could obscure more serious defects. Where neces
er inspection, the surface shall be—cleaned under closely controlled conditions in order not to
der in any way.

mined by means of an endoscope, dental mirror or other suitable appliance.

2 Defects may beZrepaired in accordance with Table B.1. It shall be ensured that any ref
i will not impair-thie safety of the cylinders. Great care shall be taken to avoid introducing n

Manufacturing defects

inder. Such

cts can be mechanical or material. They can be due to the basic material”used, the manufacturing

| to provide
br needs to

nd make a

perform the
th sufficient

M oxidation
sary, before
Hamage the

bn this visual inspection is(carried out after the circumferential welding, the internal neck area shall be

bair method
ew defects.

r such repairthe‘cylinders shall be re-examined and, if necessary, the wall thickness shall be echecked.

The

mast r\nmmnnly found mnnnfnr‘hlring defects_and their definitions are listed in Table B 1 an

ection limits

for repair or reject are included in this table. These rejection limits have been established on the basis of
considerable field experience. They apply to all sizes and types of cylinder and service conditions.
Nevertheless, some customer specifications, some types of cylinder or some special service conditions may
require more stringent criteria.

B.4 Rejected cylinders

All rejected cylinders shall be scrapped and shall not be used for any other service.

©IS
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Table B.1 — Manufacturing defects in welded stainless steel gas cylinders and rejection criteria

empty cylindgr and not less than 1 000 N, and that the minimum torque required to turn the neck ring is greater than 100 Nm.

Defect Description Conditions and/or actions Repair or scrap
Bulge Visible swelling of the cylinder All cylinders with such a defect Scrap
Dent Depression in the cylinder that has|— When the depth of the dent exceeds|Repair if possible,
neither penetrated nor removed metal 3 % of the external diameter of the[followed by heat
(see Figure B.1) and is greater in cylinder treatment of the
depth than 1% of the outside cylinder, or scrap
diameter of the cylinder —  When the diameter of the dent is less | Repair if possible,
than 15 times its depth followed by heat
treatment of the
cylinder, or scrap
Cutorgougg |Sharp impression where metal has|When the depth of the cut or gouge|Repair if-‘posdible
been removed or redistributed and|exceeds 10 % of the wall thickness, or|by grinding?, | or
whose depth exceeds 5% of the|when the length exceeds 25 % of the|scrap
cylinder wall thickness outside diameter of the cylinder
Lamination Layering of the material within the|— Inside defect: all cylinders with such|Repair if posgible
cylinder wall, sometimes appearing as defect by grinding?, | or
a discontinuity or crack and lap or scrap
bulge at the surface (see Figure B.2) | outside defect: all cylinders—with |Repair if posdible
such defect by grinding?, | or
scrap
Crack Split or rift in the metal All cylinders with such defects Scrap
Internal nec Neck threads damaged, with dents,|— When the design ‘permits, threads |Repair
threads cuts, burrs or out of tolerance may be re-tapped and rechecked by
damaged the appropriate thread gauge and
carefully wisually re-examined. The
appropriate  number of effective
threads shall be achieved.
— If\not repairable Scrap
Non-secure Neck ring turns under application of [ Alleylinders presenting such a defect Repair if possible,
neck ring ngt low torque or pulls off under low axial or scrap
subjected to loadP
pressure
Nonconformity Repair if possible,
with design or scrap
drawing
lllegible, Marking by means of.a'metal punch [ All cylinders presenting such a defect Repair if possible,
modified or or scrap
incorrect
stamping
a After arly repair by grinding, it should be checked that the remaining wall thickness is still above the guaranteed minimum |wall
thickness.
b The mahufacturér should ensure that the axial load required to remove the neck ring is greater than 10 times the weight of the

26
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Figure B.1 — Example of dent

27272

Figure B.2 — Example of lamination
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