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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.

18172-2 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 above 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 with~the conformity
assessment system in paragraph 6.2.2.5 of the above-mentioned model regulations.

Vi © 1SO 2007 — All rights reserved
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Gas cylinders — Refillable welded stainless steel cylinders —

Part 2:
Test pressure greater than 6 MPa

1

This
wor

Scope

part of ISO 18172 specifies minimum requirements concerning material,""design, const
manship, manufacturing processes and testing of refillable transportable ‘welded stainles

cylipders, of water capacities from 0,51 up to and including 150 I, for compféssed and liquefied

part
stre

2

The]
refe
doc

ISO
of in

ISO
aus

ISO
exc

ISO
ISO
ISO

ISO

hgth of less than 1 100 MPa and a test pressure above 6 MPa (60 bar).

Normative references

following referenced documents are indispensable- for the application of this document,
rences, only the edition cited applies. For undated” references, the latest edition of the
iment (including any amendments) applies.

2504:1973, Radiography of welds and viewing conditions for films — Utilization of recommend
hage quality indicators (1.Q.1.)

3651-2, Determination of resistance to intergranular corrosion of stainless steels — Par
enitic and ferritic-austenitic (duplex)’stainless steels — Corrosion test in media containing sulft
uded) — Quality levels for imperfections

6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

6892, Metallieymaterials — Tensile testing at ambient temperature

7438, Metallic materials — Bend test

9328+7:2004, Steel flat products for pressure purposes — Technical delivery conditions

Sta

ruction and
5 steel gas
gases. This

of ISO 18172 is applicable only to cylinders manufactured from stainless steels with a maxiqhum tensile

For dated
referenced

ed patterns

t 2: Ferritic,
ric acid

5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding

— Part 7:

hleSs 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

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 — Part 1: Metallic materials

© 1SO 2007 — All rights reserved
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ISO 11117,
ISO 13769,

ISO 14556,

Gas cylinders — Valve protection caps and valve guards — Design, construction and tests
Gas cylinders — Stamp marking

Steel — Charpy V-notch pendulum impact test — Instrumented test method

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 17636,

Non-destructive testing of welds — Radiographic testing of fusion-welded joints

ISO 17637,

ISO 20807,
testing

Non-destructive testing of welds — Visual testing of fusion-welded joints

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

3 Terms, definitions and symbols

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

3.1 Tern
3141

yield stres
value corre
1 % proof s

3.1.2

solution arn
softening h
solid solutig

3.1.3

cryoforming

process wh
permanent

314
cold worki
plastic defg

s and definitions

b

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

nealing
bat treatment for austenitic steels in which.@ cylinder is heated to a uniform temperature above
n temperature, followed by rapid cooling

ere the cylinder is subjected tora controlled low temperature deformation treatment that results
ncrease in strength

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

increasing the materialsirength

3.1.5

cold forming

final deform

ation treatment at ambient temperature given to the prefabricated cylinder, known as the pref

btive

ion,

the

ina

ently

which resul

3.1.6
batch

S In a permanent iIncrease In the material strength

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

3.1.7

design stress factor

F

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

© 1SO 2007 — All rights reserved
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3.2 Symbols

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

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

ay calculated value of a used in the calculation of b (see 5.3.2)

a, 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 cylinder end (see 7.1.1)

C shape factor of dished ends

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

Dy diameter of former, in mm (see 8.4.3 and Figure 10)

mean diameter of the cylindrical shell of a cylinder preform,inmm

F design stress factor (see 3.1.7)

fe cryoforming factor established by the manufacturer for each batch of cylinders
h height, in mm, 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 burstpréssure, in MPa (bar)!), above atmospheric pressure, in the burst test
De cryoforming/or cold forming pressure in MPa (bar), above atmospheric pressure
Ph hydrauli¢ test pressure, in MPa (bar), above atmospheric pressure

Py observed yield pressure, in MPa (bar), above atmospheric pressure

r inside radius of the knuckle end, in mm (see Figure 1)
R inside radius of the dished end, in mm (see Figure 1)
Re  Yyield stress, in MPa, as defined in 3.1.1 and used for design calculation

ea Value of the actual yield stress, in MPa, determined by the tensile test

1) 0,1 MPa = 10° Pa = 1 bar

© 1SO 2007 — All rights reserved 3
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Rpo,2 minimum value of 0,2 % proof stress, in MPa, guaranteed by the cylinder manufacturer for the finished
cylinder, in accordance with ISO 6892 (see Note)

Rp1,0

cylinder, in accordance with ISO 6892 (see Note)

cylinder

Rm

actual value of tensile strength, in MPa, determined by tensile test (see 8.3)

minimum value of 1,0 % proof stress, in MPa, guaranteed by the cylinder manufacturer for the finished

minimum value of tensile strength, in MPa, guaranteed by the cylinder manufacturer for the finished

t actug

NOTE i
the cylindricg

| thickness of the test specimen, in mm (see Figure 7)

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

4 Materials and heat treatment

4.1

411 Ma
drawing an

41.2 Grg
(e.g. corros
ISO 18172,
hydrogen g

41.3 The
and duplex
test in acco

41.4 The
retaining p4

415 Al

41.6 The
steel manut
for the weld

4.1.7 Soi
A check sh
intended se
using a gr
requiremen

General

erials of shells and end pressings shall be stainless steels in a’condition suitable for pressin
welding, and shall conform to ISO 9328-7.

des of steel used for the cylinder manufacture shall be campatible with the intended gas ser
ive gases, embrittling gases), in accordance with ISO.1114-1. Due to the scope of this pa
which permits tensile strengths up to 1 100 MPa, .patticular care shall be taken when desig
bs cylinders.

re is a risk of sensitization to intergranular corrosion resulting from the hot processing of auste]
stainless steels. 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.

cylinder manufacturer shall obtain and provide material certificates of the ladle analysis from
acture of the steel supplied for the construction of the pressure-retaining parts of the cylinder
ing consumables!

he grades of stainless steel may be susceptible to environmental stress corrosion cracking (S
bll be made, of the material standard to ensure that the selection of material is compatible with
rvice. Special precautions shall be taken, e.g. by carrying out a post-processing SCC test o
hde¢of material more resistant to SCC. No special precautions shall compromise any o
s(in, this part of ISO 18172.

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

ly to

g or

vice
rt of
ning

nitic
sion

ure-

the
and

CC).

the
Ir by
ther

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.

4.2 Categories

The following three broad categories of stainless steels are recognised:

ferritic;

austenitic;

© 1SO 2007 — All rights reserved
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ferritic/austenitic (duplex).

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

4.3

4.3.

Heat treatment

1 For cylinders subjected to cold forming or cryoforming processes, heat treatment of

the preform

component part is not required. Cryoformed cylinders shall not be subjected to any subsequent heat treatment
or to additional heat application, such as welding.

4.3.
for

4.3.
cov

4.3.

4.4

e annealed

flerritic steels, or solution annealed for austenitic and duplex steels (see ISO 9328-7:2004, Anngx C).

B The cylinder manufacturer shall obtain and provide certificates for the heat treatment
bred by 4.3.2 that are used for the construction of the gas cylinders.

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

Test requirements

Thel material of the finished cylinders shall satisfy the requirements of Clause 7.

5.1

5.1.
stre|

5.1.

5.1.
Ph-

5.1

5.2

The)

Design

General requirements

I The calculation of the wall thickness of. the* pressure-containing parts shall be related
5s of the parent material.

R For calculation purposes, the value.of the yield stress Ry is limited to a maximum of 0,85 R

A A fully dimensioned drawing of the material, including the specification, shall be produced.

Calculation of-cylindrical shell wall thickness

of all parts

fo the yield

-

B The internal pressure upon which the calculation of gas cylinders is based shall be the tgst pressure

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

LB 10-F-J-Rg —~/3-pp, )
2 10-F-J-Rg
where
F =0,77
J =1 for circumferential welds
J  =0,9 for longitudinal welds.
The minimum wall thickness shall also satisfy the requirements of 5.4.
© 1SO 2007 — All rights reserved 5
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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 torispherical shaped ends [see Figure 1a)l: R<D; r>01D; h>=45b

— for ellipsoidal 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=ayxC (2)
where

aq is the value of g calculated in accordance with 5.2, using J = 1,0

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

5.3.3 For|cryoformed cylinders, 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 =Rly o x (a +2b) 3)

6 © 1SO 2007 — All rights reserved
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Outside Inside Outside Inside
W h B H ., h
b
<t ) |, b [}
P
Q Q
| v
a) Torispherical shaped end b) Ellipsoidal shaped end
NOTE For torispherical shaped ends, the height A can be calculated using
D D
H:(R+b)—\/[(R+b)—3]-[(R+b)+E—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

0;7 2

0,55
0,5

\J

0,25 0,3 0,35 0,4 0,45 0,5
HID

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
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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

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.

5.6.
con

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

acc

5.6.
dist

5.7

Bun
the

se formulae apply to cylindrical shells and ends irrespective of whether they are designed by
br 5.2 and 5.3, or by the pressure cycling test described in 7.3.2.

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.

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

prdance with 7.3.2.

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

Bungs

gs shall'be’/designed such that they are welded in position with the shoulder of the bung on t
Homed,end.

calculation

hall, except

hning of the
that of the

bir design is

pldable and
to result in
cling test in

joints by a

he inside of

6

6.1

The

Construction and workmanship

General

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,

© 1SO 2007 — All rights reserved
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welded

cold worked tube or plate,

deep drawn parts,

cold forming or cryoforming of welded cylinder preforms, or

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

welded.
6.2 Welding
6.2.1 Gerneral
In view of the thicker walls required for this specification, attention shall be given to the welding-procesgses
(see 6.4 anfl 6.8.2)
6.2.2 Progedures
Before pro¢eeding with the production of a given design of cylinder, each manufacturer shall qualify all
welding prdcedures 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.
6.2.3 Quglity
For embrittling gases, e.g. hydrogen, particular care shall be taken during the welding to ensure that all

defects cor

should not e underestimated when dealing with such gases.

6.3 Cryagforming procedure

form to 1ISO 5817 level B. The effects of typical weldihg defects, e.g. porosity and undercut

ing,

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 preform at 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 t¢
j x R 10 ><20><a
pe == = (8)

D

J. depends on the cryoforming temperature, the cast analysis for each batch of cylinders and the yield strength
to be achieved, 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),
Je shall not vary by more than + 10 %.

6.3.3 For 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 holding
time are shown. The rate of pressure increase shall not be more, and the holding time shall not be less, than
that established during the design testing for the cylinder.

6.3.4 The maximum permanent deformation of the vessel’'s perimeter due to the cryoforming shall be no
more than 15 %. Measurement may be carried out by using a tape measure, for example.

10 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=6fba348bb386b074301cdc73a7de38a5

ISO 18172-2:2007(E)

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, and for all cylinders used in corrosive gas applications.

6.5 Non-pressure-comntaining attachments

6.5.1 Parts which are not submitted to pressure, such as foot rings, handles and neck rings, shpll be made
of sfeel compatible with that of the cylinder, e.g. selected to avoid corrosion couples.

6.5.2 Each attachment shall be clear of longitudinal and circumferential joints, and 'so’designed gs to permit
insgection of the attachment welds and to avoid trapping water.

6.5.8 A foot ring or other support shall be fitted to the cylinder when-required to provide sability, and
attached so as to permit inspection of the bottom circumferential weld. Permanently attached foof rings shall

be d

6.5.
sha

6.6

6.6.
rele
acc

6.6.
ISO

6.6.
in 4
pro
ISO|

6.7

The
thus
usir
take

h

rained and the space enclosed by the foot ring shall be ventilated.

| be welded to the cylinder preformed component before cryoforming.

Valve protection

1 Valves of cylinders of more than 5 | water capacity shall be protected from damage which
hse of gas, either by the design of the cylinderd(e.g. protective shroud) or by a valve protectio
prdance with ISO 11117).

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

B The requirements of 6.6:4-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 can withstand damage without leakage of p
10297).

Neck threads

internal meck threads shall conform to a recognized standard to permit the use of a correspo
minimizing neck stresses following the valve torquing operation. Internal neck threads shall
g gauges corresponding to the specific neck thread, or by an alternative method. Particular c
n-1o ‘ensure that neck threads are accurately cut, are of full form and free from any sharp

burr

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

could cause
h device (in

escribed in

e conveyed
rotection is
roduct (see

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

NOTE

1

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

gauges are specified in ISO 11191.

6.8

6.8.1

Visual examination

Unacceptable defects

orresponding

Before assembly, the pressure envelope parts of the cylinder shall be examined for uniform quality and
freedom from unacceptable defects, examples of which are given in Annex B.
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6.8.2 Welds

6.8.2.1
Permanent

6.8.2.2

6.8.2.3

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

backing strips shall not be used with longitudinal welds.

All welds shall have a smooth finish without concavity, and shall merge into the parent material
without under-cutting or abrupt irregularity.

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

| 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.

6.8.2.4
carried out

6.8.3 Out

The out of
and the mi
diameters fi
cylinders.

6.8.4 Strdightness

Unless othe
shell from 4

6.8.5 Vert

When the
within 1 % ¢

7 New design tests

741
711  Tes

A cylinder s
the followin

it is ma

Geneéral requirements

Radiographic examination, radioscopic examination, or non-destructive examinatior’ (N
Ising another suitable method shall be as specified in Annex A.

of roundness
roundness of the cylindrical shell shall be limited such that the difference\between the maxin

himum outside diameter in the same cross-section is not more thanCh% of the mean of th
pr two-piece cylinders, and not more than 1,5 % of the mean of these diameters for three-p

rwise specified on the manufacturing drawing, the maximum deviation of the cylindrical part of
straight line shall not exceed 0,3 % of the cylindricaHength.

icality

f the cylindrical length.

ting shall be carried out for each new design of cylinder.

hall be considered to be of a new design, compared with an existing design, in the case of on
:

nufactared in a different factory;

DE)

num
ese
ece

the

ylinder is standing on its base, the cylindrical shell and concentric opening shall be vertical to

e of

it is m

.Jllulrdbi.l.llcuI IL)y d UIiIrIrUIUIIi. WUidillg Ul Illdllufdbtulilly Process Ul tiIUIU ib d Idulibdi b;ldllyc il

existing process, e.g. change in heat treatment, change in cold working or cryoforming operation;

it is givi

it is manufactured from a steel of different specified chemical composition range;

en a different heat treatment, as specified in 4.3;

thickness/cylinder diameter ratio;

changed;

12

an

there is a change in base profile, e.g. concave, convex, hemispherical, or there is a change in the base

the guaranteed minimum vyield stress (R,) and/or the guaranteed minimum tensile strength (Rg) has
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— the overall length of the cylinder has increased by more than 50 % (cylinders with a length/diameter ratio
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 (b') 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);

— [theTryoforming factor ;) varies by more tham =16~ for cryoformed Tytinders; or
— | a different cryoforming temperature is used.

7.1.2 A technical specification of the cylinder, including design drawing, design calculatiohs, material details,
weldling and manufacturing process and heat treatment, shall be prepared by the manufacturer apd attached
to the design test certificate (see Annex C).
71.8 A minimum of 25 cylinders, which shall be guaranteed by the manufacturer to be represgntative of a
new design, shall be made available for design testing. However, if theJtotal production is Igss than 50
cylipders, enough cylinders shall be made to complete the tests requiredi.in addition to the production quantity.
In this case, the design test certificate is limited to the particular batch.

71.4  The testing process shall include the verifications and tests listed in 7.2.1 and 7.2.2 respegtively.
7.2| Verifications and tests

7.21 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 meet the requirements of 5.2 to 5.5, the
measurements beings/taken at a minimum of three transverse sections of the cylindrical part and on a
longitudinal section®©fthe base and head;

— |the requirements) of Clause 6 and Annex A are fulfilled for all cylinders selected.
7.2 Listof tests

Thejfollowing tests shall be performed on cylinders selected after the welds of the cylinders have been visually
insgeeted:

— the tests specified in 8.3 (tensile test), 8.4 (bend test), 8.5 (impact test) where applicable, and 8.6
(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 carried out using
another suitable method, in accordance with Annex A;
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marking;

the test specified in 7.3.2 (pressure cycling) on one cylinder, the cylinder bearing representative stamp

the test 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 stainless 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

7.31 HerauIic burst test
7.3.11 Cylinders subjected to this test shall bear markings in accordance with the complete stamp
markings rgquired for the finished cylinder. The hydraulic burst test shall be carried out with equipment which
enables thg pressure to be increased at a controlled rate, not more than 0,1 MPa/s (1 bar/s),\until the cylinder
bursts and {he change in pressure with time is recorded.
7.31.2 The burst pressure (p,,) shall be at least 1,6 times the test pressure. The observed yield presgure
(py) shall bg equal to or greater than the value calculated by the following formula:

py =Pl 9)
The burst tgst shall not cause any fragmentation of the cylinder.
The main ffacture shall not show any brittleness, i.e. the edges of the fracture shall not be radial but shall be
at an angleto a diametral plane, and shall display a reduction ef\area throughout their thickness.
7.3.2 Pressure cycling test
7.3.21 The pressure cycling test shall be carried out on three cylinders bearing the required stamp
markings. See Clause 11 for the particular requiréments concerning the stamp marking on the dome ends
7.3.2.2 This test shall be carried out with a non-corrosive liquid, subjecting the cylinder to successive
reversals af an upper cyclic pressure which'is equal to the hydraulic test pressure (p,). The value of the Iqwer
cyclic presgure shall not exceed 10 % \.of the upper cyclic pressure. The frequency of reversals of presgure
shall not exceed 0,25 Hz (15 cycles/min). The temperature measured on the outside surface of the cylinder
shall not expeed 50 °C during the test.
7.3.2.3 The cylinder shall-be subjected to 12 000 cycles without leakage or failure.
7.3.24 The thickness of the centre of the cylinder bases shall be measured and recorded on the depgign
test certificate. The Centre of the cylinder base of production cylinders shall not be more than 15 % thifner
than the reqorded thickness for the prototypes.
7.3.3 Corrostontest

An intergranular corrosion test shall be carried out in accordance with ISO 3651-2 on one cylinder for design
testing for cylinders which are intended to be used for corrosive applications and are manufactured from
steels specified in 4.2. The specimens shall be taken from a part of the cylinder providing a specimen
geometry suitable for bend testing.

The mechanical properties may depend on the location of the samples, therefore the exact location of the
samples shall be identified and this location shall be as indicated in Figure 4 or Figure 5. Two specimens shall
be taken from the location shown in Figure 4 or Figure 5, as appropriate.

Corrosive gases are listed in ISO 11114-1, and cylinders for such gases shall be stamp-marked “H”, as
specified in ISO 13769.
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7.4 Design testing certificate

If the results of the checks are satisfactory, a design testing certificate shall be issued, a typical example of
which is given in Annex C.

8 Batch tests

8.1 General

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

Table 1 — Batch sampling

Batch size Number of cylinders taken Number of cylinders to be tested
as samples Mechanical tests? Burst testsP Radipgraphy
up to 200 2 1 1
201 to 500 3 1 2
See Annex A
501 to 1 500 9 2 7
501 to 3 000 18 3 15
2 | Mechanical tests comprise tensile tests (in accordance with 8.3), bend tests (in accordance with 8.4), impact tests where applicable
(in gccordance with 8.5), and macroscopic examination of weld cross*sections (in accordance with 8.6).
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 coenstruction of the cylinders;

— |alist of cylinders, stating serial numbers and stamp markings as required;

— | a statement of the thread checking method used, and the results thereof.

8.3| CFensile test

8.3.1 General

The tensile test on parent material shall be carried out on a test sample taken from a finished cylinder in
accordance with the requirements of ISO 6892. The two faces of the test sample formed by the inside and the
outside 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.
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8.3.2 Ten

8.3.2.1

sile test samples from parent material

The following test samples shall be taken from the parent material (see Figure 4 for two-

cylinders and Figure 5 for three-part cylinders):

tensile

test sample shall be taken from each end);

part

one tensile test sample from either of the ends (if the ends are of materials from different suppliers, a

one longitudinal tensile test sample (for three-part cylinders from the section 180° away from the

longitudinal weld); for cold formed or cryoformed cylinders, the tensile samples shall be taken from the

middle

8.3.2.2

section of the cylindrical shell.

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

those guargnteed by the cylinder manufacturer and not less than those given in 1ISO 9328-7. For eylin

subjected t
expected fo

8.3.3 Ten
8.3.3.1
one ter

one ter

8.3.3.2

b heat treatment, elongation values shall be at least 14 %. Lower elongation valGés are tg
r non-heat-treated cylinders if the result of the burst test is clearly without fragmentation.

sile test samples taken from welds

The following test samples shall be taken from welds:

sile test sample from any longitudinal weld;

sile test sample taken from each circumferential weld, if made by different welding procedures

The tensile test transverse to the weld shall be carried out on a test sample having a redu

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

of the test g

8.3.3.3
8.3.2.2 for t
Key

1 1 tensile
2 1tensile
3 1tensile
4  notch im
5

6 weld

16

ample shall increase progressively (see Figure 6):

The tensile strength value obtained shall be*at least equal to the minimum value specifie
he parent metal, regardless of the position ©f the fracture.

han
Hers
be

ced
idth

d in

P

I
w

test piece

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

test piece (required only if insufficient cylindrical length available)
pact test piece

corrosion test piece

Figure 4 — Test pieces from two-part cylinders
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A 5
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;EEEI/

N

Key|
1 tensile test piece

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

1 tensile test piece

1 corrosion test piece
welds

N o o WwN =

Figure 5 — Test pieces\from three-part cylinders

© 1SO 2007 — All rights reserved 17


https://standardsiso.com/api/?name=6fba348bb386b074301cdc73a7de38a5

ISO 18172-2:2007(E)

Dimensions in millimetres

25

A
Y

Key
1 weld

Figure 6 — Dimensions of test sample

8.4 Bend 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.
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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.

8.4.4 The ratio n between the diameter (Dy) of the former and the thickness (z) of the test sample shall be as
shown in Table 2.

Table 2 — Bend test requirements

Actual tensile strength R, Val ;
alue of n

MPa

R <440
440 <R, <520

520 < R,, < 600
600 < R, < 700
700 < R,, < 800
800 < R,,, < 900
R, > 900

m

(NS | DWW DN

Dimensions |n millimetres

150

A
 J

<

40

<

8  Weld dressed flush.

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

Figure 10 — lllustration of bend test

8.5 Imp4ct test

8.5.1 The impact test is not required for cylinders where the wall thickness is less than 5 mm. This tept is
also not reduired for cylinders.manufactured from austenitic or duplex steels in the solution annealed condijtion.

8.5.2 Exgept for the requirements set out below, the impact test shall be carried out in accordance with
ISO 14556.

8.5.3 The test_temperature shall be at least that specified in the material specification, e.g. EN 13445-2,
with a minihumi.design reference temperature of — 50 °C. The actual cylinder wall thickness shall be used.

8.5.4 TheTfottowmngimpacttestsamptes shattbe taken(See Figure 4 or 5 as appropriate)

— three impact test samples from each parent material;

— three impact test samples from the longitudinal welds;
— three impact test samples from one of the circumferential welds.

8.5.5 For the parent material samples, the transverse impact test pieces shall be taken from the wall of the
cylinder. The notch shall be perpendicular to the face of the wall. The test pieces shall be machined on four
faces only, with the inner and outer faces of the cylinder wall unmachined. For outside diameters equal to or
less than 140 mm, longitudinal impact tests may be performed instead of transverse tests.
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8.5.6 For the welds, impact test pieces transverse to the weld shall be taken, with the exception
with outside diameters < 40 mm, where longitudinal test pieces may be taken. The notch shall be in the
centre of the weld and shall be perpendicular to the face of the cylinder. The test pieces shall be machined on
all six faces. If the wall thickness does not permit a final test piece width of 10 mm, the width shall be as near
as practicable to the nominal thickness of the cylinder wall.

8.5.7

show a value below 70 % of the average value.

Table 3 — Minimum values for impact test pieces

of cylinders

The average of three specimens shall meet the relevant value specified in Table 3. No specimen shall

Tensile strength
< 750 MPa > 750 MPa
R
g
Material Parent Weld Parent Weld
Impact energy D > 140 mm?@ 45 45 35 35
Jicm? D <140 mmP 60 50 50 50
@  Transverse test.
b Longitudinal test.
8.6| Macroscopic examination of weld cross-sections
A npacroscopic weld examination for each type of welding procedure shall be performed. It|shall show
conplete fusion and shall be free of any assembly faults’or unacceptable defects, as defined in A 3.2.
NOTE Duplex steels have a specific microstructure, which needs closer examination than non-duplex steels.
8.7 Checks and verifications
Thel 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 jnternal examination of the cylinders whether the construction and checks c3
the manufacturer-in accordance with Clause 6 are compliant. The visual examination shall cg
10 % of the<cylinders submitted. However, if a defect as described in Table B.1 is found, 1
cylinders_shall be visually inspected.

Carry>out or witness the tests specified in 8.3 (tensile test), 8.4 (bend test), 8.5 (impact
applicable, 8.6 (macroscopic examination of weld cross-sections) and 7.3.1 (hydraulic burst

rried out by
ver at least
DO % of the

test) where
test) on the

number of cvlinders specified in 8.1

Assess the results of the NDE as specified in Annex A.

Check whether the marking requirements set out in Clause 11 have been met.

Check whether the information supplied by the manufacturer is correct; random checks shall be carried

out.
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9 Tests

9.1 Pres

on every cylinder

sure test

Each cylinder shall be subjected to a pressure test. When carrying out a pressure test, a suitable fluid,
normally water, shall be used as the test medium. If water is used as the test medium, the chloride content
shall be controlled to avoid the risk of corrosion.

NOTE

contain any energy which can be released, which is considerably more than that in the hydraulic test.

A pneumatic pressure test can be used, provided that measures are taken to ensure safe operation and to

The press

is no visible

9.2 Hardness test

Every cylinder which has been subjected to cold forming or cryoforming shall be hardness tested in the ce

of the cylin
forming or ¢

the cylindef

production

9.3 Leak
Where the

required. O
helium leak

10 Failui

In the even

a) |If there

performed. If the result of the test-is-satisfactory, the first test result shall be ignored.

b) If the tq

:{re in the cylinder shall be increased at a controlled rate until the pressure (p,) is reached.
cylinder shall remain under pressure p,, for at least 30 s to establish that the pressure does not fall,that t

deformation of the cylinder and that there are no visible leaks.

drical part, in accordance with ISO 6506-1. The hardness test shall be'carried out after the
ryoforming procedure. The hardness values thus determined shall bewithin the limits specifie

manufacturer for the material, and the cold forming or cryoforming conditions used for
pf the cylinder.

age test

manufacturing process has included a pneumatic_pressure test as in 9.1, no leakage tes
therwise, each cylinder shall be subjected to a leakage test, e.g. low pressure pneumatic tes
test. There shall be no leakage from the cylinder:

e to meet test requirements

of failure to meet test requirements,retesting shall be carried out as follows.

is evidence of a fault in cafrying out a test, or an error of measurement, a further test sha

st has been carried out.in a satisfactory manner, the cause of test failure shall be identified:

e failure is considered to be due to the heat treatment (if applied), the manufacturer may sul

The
here

ntre
cold
H by
the

5t is
t or

| be

ject

| be
new

red

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.

11 Marki

11.1 Marki

ngs

ngs shall conform to ISO 13769.

11.2 No embossing shall be permitted on cylinder sidewalls.

22
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11.3 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 Certificate

Each batch of cylinders shall be covered by a certificate to the effect that the cylinders meet the requirements
of this part of ISO 18172 in all respects. Annex C provides examples of design and batch testing certificates.
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Annex A
(normative)

Radiographic examination of welds

A.1 General

The radiogfaphic examination shall conform to the techniques in ISO 17636. Radiographs shall ‘show
complete pgnetration of weld and the absence of unacceptable defects (as specified in Annex B)~The |test
equipment [shall be operated by personnel certified to at least level 1 of ISO 20807 and supervised by
personnel gertified to at least level 2.

The radiogfaphic examination may be replaced by a radioscopy, or another suitable mgthod, if the applied
NDE meth¢d is carried out according to a process that provides the same quality of examination as
radiographif examination and a verifiable record of the result.

A.2 Reqliirements

A.2.1 Ragliographic examinations shall be carried out as listed in Tables A.1 and A.2 after the pressure|test

in 9.1.

Table A.1 — Longitudinal welds

Butt weld Joggle weld
Radiogerhic control frequency 2@ 1% 2%
% length 100 % 100 %
Intersection of joint all all
Overlapping zone of welds all all
a One test at the beginning and one test-at the end, per shift and per machine.

Table A.2 — Circumferential welds

Butt weld Joggle weld
Radiogrfaphic control frequency @ 1% 1%
% Iengtl|| 100 % 100 %
Intersectionofjoint +66-9% -
Overlapping zone of welds yes yes
@ 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.

24
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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 Assessment of the weld radiographs shall be based on the original films, in accotdance with the
pragtice recommended in ISO 2504:1973, Clause 6.

A.3]2 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, which is 25\mm or less from any other gas pore;
— |gas pores over any 100 mm length where the total.@rea of all the pores, in mm?Z, is greater thah 2a.

Dimensions |n millimetres
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Figure A.1 — Extent of spot-radiography at weld intersections
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ISO 18172

-2:2007(E)

Annex B
(normative)

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

of visual inspection

B.1 Introduction

Several typ
defects car
process, he

The aim of
rejection cr|
have exten
judgement

B.2 General

B.2.1 Vis
internal and
intensity sh

The surfac
products, ¢
further insp
cylinder in &

When this
examined b

B.2.2 Defects may be repaired’ in accordance with Table B.1. It shall be ensured that any repair me

used will n
After such 1

B.3 Man

es of defects can occur during the manufacturing of a welded stainless steel gas, cylinder. §
be mechanical or material. They can be due to the basic material used, themanufactd
at treatments, marking operations and other occurrences during manufacture;

this annex is to identify the manufacturing defects most commonly encountered, and to pro
teria for the inspectors who perform the visual inspection. Nevertheless, the inspector need
sive field experience and good judgement in order be able to detect, evaluate and mak
bn a defect at the time of the visual inspection (see ISO 5817).

lal examination shall be carried out in accordancewith ISO 17637. It is essential to perform
external visual inspection in good conditions. Appropriate sources of illumination with suffig
bll be used, e.g. at least 50 lux.

b of the metal, in particular that of the “inner wall, shall be clean, dry and free from oxidg
brrosion and scale because these could obscure more serious defects. Where necessary, be
bction, the surface shall be cleaned under closely controlled conditions in order not to damage
ny way.

visual inspection is carried( out after the circumferential welding, the internal neck area shal
y means of an endoscope, dental mirror or other suitable appliance.

bt impair the safety) of the cylinders. Great care shall be taken to avoid introducing new defg
epair, the cylinders shall be re-examined and, if necessary, the wall thickness shall be recheck

ifacturing defects

uch
ring

vide
s to
e a

the
ient

tion
fore
the

| be

hod
bcts.
bd.

The most ¢

'\mmnnl\/ found mnnnfnr‘hlring defects and their definitions are listed in Tahle B 1 Pnjnnfinn li

its

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