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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

The purpose of this International Standard is to provide a specification for the design, manufacture, inspection and
approval of refillable, transportable, welded aluminium-alloy gas cylinders. The specifications given are based on
knowledge of, and experience with, materials, design requirements, manufacturing processes and control during
manufacture of cylinders in common use in the countries of the participating members.
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Gas cylinders — Refillable welded aluminium-alloy cylinders —
Design, construction and testing

1

This [International Standard specifies minimum requirements for the material, desigh} cons
workimanship, manufacturing processes and tests at manufacture of refillable,-‘transportd

alum
not g

This
sean]
2 1

The

refergnces, only the edition cited applies. For undated.‘references, the latest edition of th

docu

ISO 7

ISO ¢

ISO ¢

ISO

ISO 7}
and

ISO ¢

ISO 1

ISO 1
contd

1438, Metallic materials — Bend test

cope

nium-alloy gas cylinders of water capacities from 0,5 | up to and including 150 I;-and of a
reater than 60 bar (6 MPa) for compressed, liquefied and dissolved gases.

International Standard includes requirements for spherical receptacles and cylinders
less bodies with welded non-pressure-bearing attachments such as shrouds and foot-rings.

Normative references

following referenced documents are indispensable forthe application of this documen
ment (including any amendments) applies.

107, Aluminium and aluminium alloys — Wrought products — Temper designations

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

892, Metallic materials — Tensile testing at ambient temperature

866:1999, Gas cylinders-— Refillable seamless aluminium alloy gas cylinders — Design,
osting

606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium 3
0042:2005; ‘Welding — Arc-welded joints in aluminium and its alloys — Quality levels for im

11441, Transportable gas cylinders — Compatibility of cylinder and valve materia
ntsy— Part 1: Metallic materials

truction and
ble, welded
est pressure

made from

t. For dated
b referenced

construction

lloys
berfections

Is with gas

ISO 11117, Gas cylinders — Valve protection caps and valve guards for industrial and medical gas
cylinders — Design, construction and tests

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

ISO 13769, Gas cylinders — Stamp marking

ISO 15614-2:2005, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 2: Arc welding of aluminium and its alloys
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3 Terms,

3.1

definitions and symbols

Terms and definitions

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

3141
yield stress

value corresponding to the 0,2 % proof stress (non proportional elongation), Ry >

3.1.2

solution h
thermal tre
temperature
the constitue

313
quenching
controlled ra

314
artificial age
heat treatme
strength

3.1.5

batch
quantity of u
and design,
period of tim

3.1.6

design stregs factor

F
ratio of equiv

eat treatment

1

ment which consists of heating the products to a suitable temperature, holding. at
ong enough to allow constituents to enter into solid solution, and cooling rapidly erfough ta
nts in solution

bid cooling in a suitable medium to retain the solute phase in solid solution

ing

b to 250 cylinders, plus cylinders for destructive-testing, of the same nominal diameter, thick
made successively from the same cast and subjected to the same heat treatment for the
b; the lengths of the cylinders in the heat treatment batch may vary by up to £ 12 %

alent wall stress at test pressure’ (py,) to guaranteed minimum yield stress (R,)

that
hold

nt process in which the solute phase is precipitated to give@n‘increased vyield stress and t¢nsile

ness
same

31.7

non-destrugtive examination

examination pr test that does notwnaterially or adversely affect the item being examined
3.2 Symbpls

A percentage elongation, determined by the tensile test 7.2.3

a calculatedminimum thickness, in millimetres, of the cylindrical or spherical shell

guaranteed minimum thickness, in millimetres, of the cylindrical or spherical shell

guaranteed minimum thickness, in millimetres, at the centre of a convex base

diameter of former, in millimetres (see Figure 4)

design stress factor (variable) (see 3.1.6)

nominal outside diameter, in millimetres, of the cylinder, spherical cylinder or domed end (see Figure 2)

nominal inside diameter, in millimetres, of the cylinder, spherical cylinder or domed end (see Figure 2)

© I1SO 2006 — All rights reserved
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internal height, in millimetres, of semi-ellipsoidal or torispherical domed end (convex head or base end)
(see Figure 2)

variable used in the determination of shape factor, K (see 5.3.1)

external height, in millimetres, of a semi-ellipsoidal or torispherical domed end (convex head or base
end) (see Figure 2)

shape factor for a semi-ellipsoidal or torispherical domed end, obtained according to the values /./D,,
and a/D,, with interpolation where necessary (see Figure 1)

original gauge length, in millimetres, according to ISO 6892

ratio of the diameter of the bend test former to actual thickness of test piece (¢)
measured burst pressure, in bar!) above atmospheric pressure

hydraulic test pressure, in bar!) above atmospheric pressure

lower cyclic pressure, in bar!) above atmospheric pressure

observed vyield pressure which produces a permanent volumetric expansion of 0,2 %, in| bar!) above
atmospheric pressure

minimum guaranteed value of yield stress (see 3.1.1), in.megapascals, for the finished cylinder
actual value of yield stress, in megapascals, determined by the tensile test 7.2.3.
minimum guaranteed value of tensile strengthgin megapascals, for the finished cylinder
actual value of tensile strength, in megapascals, determined by the tensile test 7.2.3
internal knuckle radius, in millimetres, of torispherical end [see Figure 2c)]

internal radius, in millimetres, 'of dishing of torispherical end [see Figure 2c)]

external knuckle radius,‘in’millimetres, of torispherical end [see Figure 2c)]

external radius, in'millimetres, of dishing of torispherical end [see Figure 2c)]

straight flange-tength, in millimetres, for semi-ellipsoidal and torispherical domed ends [s¢e Figure 2b)
and 2c)]

origipal cross-sectional area of tensile test piece, in square millimetres, according to ISO 6§92

actual thickness of test specimen, in millimetres

calculated minimum thickness, in millimetres, of a domed end

width, in millimetres, of tensile test piece

volumetric expansion attained at burst, expressed as a percentage of the initial volume (see 7.3)

stress reduction factor (see 5.2.1)

1) 1 bar=10%Pa =105 N/m2.

© I1SO 2006 — All rights reserved 3
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4 Materials

4.1

411

General provisions

Aluminium alloys may be used to produce gas cylinders provided that they satisfy the requirements of

the corrosion resistance tests defined in Annex A, and meet all other requirements of this International

Standard.

41.2

Examples of the alloys most commonly used for the fabrication of gas cylinders are given in Table 1.

4.1.3 After the completion of all welding (including that of the attachments) and before the hydraulic test,

each cylinde

shall be heat treated if required to meet the design criteria.

4.2 Heat freatment

4.21

Any welding

Gengdral

pn the pressure-bearing part shall take place before any final heat treatment (see 6.2).

4.2.2 Heatitreatable alloys

The manufa
heat treatme
those tempe

tturer shall specify on the new design type testing documentation, where required, the so

ution

nt and artificial ageing temperatures and the times for which the cylinders have been hg¢ld at

atures. The medium used for quenching after solution heat treatment shall be identified.

Unless the glloy is subjected to a temperature in excess of 400\°C during the forming process, a stab

treatment sh

manufacturef.

However, th
calculated wi
complete re-

If the cylinde
minimum gu
e.g. during th

4.2.3 Non-

The manufa
metal formin
subjected to
carried out a

all be carried out and the temperature, and time at temperature, shall be identified b

y

aY
-

stabilizing treatment is not necessary:for a cylinder of which the wall thickness in

lizing
y the

.2 is

th the minimum guaranteed vyield stress value of the O-tempered alloy (or the alloy annealéd for

Crystallization before forming of cylinder, as defined in ISO 2107).

Fis intended for dissolved-gas.service it shall only be used in the fully annealed condition, i.
aranteed properties used (for the material shall consider the heat treatment to be ap
€ massing operation.

heat-treatable alloys

cturer shall speecify on the new design type testing documentation, where required, the ty
g operationycarried out (extrusion, drawing, ironing, head forming, etc.). Unless the al
a temperature in excess of 400 °C during the forming process, a stabilizing treatment sh
nd the temperature, and time at temperature, shall be identified by the manufacturer.

. the
plied,

pe of
oy is
il be

424 Cont

- . .
rolFof-specified-heat-treatment

During the heat treatment, the manufacturer shall comply with the specified temperatures and durations,
within the following ranges:

a) Temperatures

Solution

Artificial

Stabilizing temperature:

temperature: maximum range 20 °C

ageing temperature: maximum range 20 °C

maximum range 20 °C

© I1SO 2006 — All rights reserved
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b) Durations

Time cylinders actually spend at temperature during treatments:

All treatments: maximum range 20 %

4.3

Gas/material compatibility

Gas/material compatibility shall be verified as specified in ISO 11114-1.

5 1|

5.1

5.1.1
(Re) ¢

5.1.2
alum

5.1.3
press

514
the a

5.1.5
proce
cons
shall

Design

General provisions

The calculation of the wall thickness of the pressure-bearing parts shall be.related to thg
f the material to ensure elastic behaviour.

For calculation purposes, the value of the yield stress (R,) is limited to a maximum
nium alloys.

ure (pp).

For dissolved gases, the manufacturing process of;the porous mass can modify the cha
uminium alloy used. This shall be considered when.designing the shell.

ss of the porous mass can modify the-~characteristics of the aluminium alloy used)
dered when designing the shell, i.e. thesmechanical properties guaranteed by the shell
be those resulting from any heating prior to final use.

 yield stress

of 0,9 Rg for

The internal pressure upon which the calculation of wallsthickness is based shall be hydraulic test

acteristics of

Wherever any exposure to heat is necessary (e.g. for dissolved acetylene, where the manufacturing

his shall be
manufacturer

©I1SO
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5.2 Calculation of wall thickness

5.2.1 Wall thickness of cylindrical shell

The guaranteed minimum thickness of the cylindrical shell (a') shall not be less than the thickness calculated
using the equation

a—&{1_\/1OFZRe_\/§‘PhJ

2 10 FZ Ry

The yalue of F is the lesser of % and 0,85; Rg/Ry shall be limited to 0,9.
el fg

The value of Z is dependent on the amount of non-destructive examination (NDE) and’the type [of cylinder; it
shall pe as specified in Table 2. Z shall apply to external welds such as welding of\shrouds and fopt-rings.

The manufacturer may choose between 100 % NDE of welds or spot checks’defined as follows:

— for circumferential welds (including of bung or boss welds), 25 mm on each side of the weld|overlap shall
e examined,;

— for longitudinal welds, 100 mm beyond the intersection of the circumferential/longitudinal weld and 25 mm
on each side of the circumferential weld shall be examined:

Table 2 — Stress.reduction factor Z

Cylinder type Stress reduction factor
Z
. o 100"% of welds NDE tested 1,00
Without longitudinal welds
Welds spot checked 0,95
100 % of welds NDE tested 0,95
With longitudinal welds
Welds spot checked 0,90

The ¢alculated minirum thickness shall also satisfy the equation

> Do +4/5 mm.
200

When choosing the guaranteed value of the wall thickness of the cylindrical shell (a’), the manufacturer shall
take into account all the test requirements for new design type and production testing, particularly the burst
test requirements of 7.3.2.2.

The burst ratio (p,/py,) shall be determined by test and shall be > 2,0.

© 1SO 2006 — Al rights reserved 7
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thickness of spherical cylinder

The thickness of the wall shall not be less than the values given by the following equations:

a = (pth)/(40FZRe — 4,5ph)

a = (pnDo)(A0FZR, — 2,5p;)

a =

2,48,/D; /R,

The values

FandZstattbeasdefimedim5:2-1:

5.3 Design of convex ends (heads and bases)

5.3.1

For cylinders

end shall be

Thick

ness of domed ends

equal to the minimum thickness of the cylindrical shell a.

The minimum thickness of a semi-ellipsoidal or torispherical domed end shallbe the greater of

a) the thickiness of the cylindrical wall, and
b) the valug of 7, calculated from the equation
te =|ak

where K]shall be as determined from Figure 1.
For a semi-e|lipsoidal end, /g = Ay, .
For a torisphgrical end, /4 is the lesser of A, 2—;’: and [%j :
NOTE THe external height of a tofispherical domed end (%), can be determined from

he =1 —\/{rg —%jx(rg, +%—2roj}
The wall thickness-of the base shall not exceed 1,15 times the guaranteed minimum design thickness

base (b). The

external surface of the base of the selected cylinders may be machined if necessary.

made with a seamless body, the method of construction of ISO 7866:1999, 7.3.1, 7.3.3
7.3.3 shall bg used. For cylinders made with a welded body, the minimum thickness(ofa hemispherical d

and
bmed

f the

5.3.2

Limitations of shape (see Figure 2)

The shape of the ends shall be subject to the following limitations.

For a torispherical end, ;" shall be not greater than D,,.

the end as manufactured.

a)
b)
c) Forase
d) Forase
8

mi-ellipsoidal end, the ratio /,/D, shall be not less than 0,192.

mi-ellipsoidal end and a torispherical end, s; shall be not less than 0,3,/(Dgt, ) -

For a torispherical end, ; shall be not less than 0,1D; and not less than three times the actual thickness of

© 1SO 2006 — All rights reserved
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Kk
3
4 al/D_=0,002
2
HHH A H NN H A HHH a/D ) = 0,005 HHHHHHAHA A HHHHHEHH
N
/! AN
/ \ N
1 NC N
II 3 NHEA.
alD >0,01 =
0 >
q,1 0,2 0,3 0,4 0,5 hJD,
a) Shape factor K
Figure 1 — Shape factor X plotted against /,/D
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KA
N \
14 N \ al/D = 0,005
\\ \
\‘ \‘ ‘\
N N - arD = 0,002 1
1,2 [ 1] [ NN ,,,,,,,11\:,,,,,,,,,,,,,: EEEEEEEEEEEEEEEEE R ,,:,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
> 0,0 § N NG
1 .
0,8 -
0,2 0,22 0,24 0,26 0,28 0,3 hL/D,
b) Shape factor K [enlargement of a)]
Figure 1 (continued)
10 © 1SO 2006 — Al rights reserved
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B SeD; a3
B SeD, _
a) Hemispherical
_.\ﬂl
Y
L7777 A
& <
Y Y
A
o
|
P ¢D, o a
B ®0, _
b) Semi-ellipsoidal
A

¢Di a

A

oD

]

A
Y

c) Torispherical

Figure 2 — Domed ends
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5.4 Neck design

The external diameter and thickness of the formed neck end of the cylinder shall be designed for the torque
applied in fitting the valve to the cylinder. The torque may vary according to the diameter of thread, the form,
and the sealant used in the fitting of the valve. The torques specified in ISO 13341 shall not be exceeded,
since this could result in permanent damage to the cylinder. Where the cylinder manufacturer specifies a
lower maximum torque than that indicated in ISO 13341 (but within the range of ISO 13341), the manufacturer
shall notify any such requirements to the purchaser of aluminium-alloy cylinders.

5.5 Foot-rings

A foot-ring, iffprovided, shall be sufficiently Strong and made of material compatible with that of the cylinder. In
addition, the[shape should preferably be cylindrical and shall give the cylinder sufficient stability. The~fegt-ring
shall be secyred to the cylinder, e.g. by welding. Water traps shall be sealed.

5.6 NeckTings

When a necK-ring is provided, it shall be of material compatible with that of the cylinder, and shall be sequrely
attached. The manufacturer shall ensure that the axial load required to remove the-neck-ring is greaten than
10 times the [weight of the empty cylinder and not less than 1 000 N, and that the minimum torque to tufn the
neck-ring is greater than 100 N-m. The valve protection requirements specified imySO 11117 apply.

5.7 Shrouyd

When a shrqud for valve protection is provided, it shall be securedcto the cylinder, e.g. by welding. Design
consideration shall be given to avoid water traps in contact with thepressure-bearing part.

5.8 Desighn drawing

A fully dimensioned drawing shall be supplied which dncludes the specification of the material and njakes
reference to this International Standard.

6 Construction and workmanship

6.1 Seam|ess bodies

For cylindersg made with a seamléssbody, the method of construction of ISO 7866 shall be used.

6.2 Welding

Prior to weldjng, the components shall be prepared and inspected according to approved procedures. These
procedures ghall bevlaid down in a welding procedure document to be supplied for new design type tepting.
Welding sh3ll be Yaccording to the approved welding procedures, which shall be in accordance| with
ISO 15614-2| Fest pieces and acceptance criteria shall be in accordance with ISO 15614-2:2005, Clayse 7.
The number of test pieces shall be in accordance with ISO 156 14-2:2005, Table T.

If welding is carried out manually, the welders shall be approved in accordance with ISO 9606-2.
Before the cylinders are closed, longitudinal welds shall be visually examined from both sides.

Parts such as neck-rings, foot-rings, shrouds, handles or bosses may be attached to the cylinder by welding,
provided that the cylinder is not adversely affected by welding and any welding is performed prior to any heat
treatment.

Neck-rings may be attached to the cylinder by welding, screwing, shrinking, etc.

The longitudinal joint, of which there shall be no more than one, shall be butt-welded and shall have 100 %
penetration.

12 © 1SO 2006 — Al rights reserved
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6.3 Non-destructive examination of welds

6.3.1 NDE shall be carried out in accordance with the design basis selected in 5.2 (i.e. 100 % NDE or spot
checks). The examination shall be performed by an X-ray inspection. The X-ray apparatus shall have a
minimum sensitivity capable of revealing defects having a size equal to 4 % of the combined thickness of the
weld and the backing material (if used).

6.3.2 The circumferential and longitudinal welds and the bung or boss butt-welds shall be radiographed in
order to establish satisfactory machine settings. This shall be carried out on the introduction, or reintroduction
after a period exceeding three days, of a new design of cylinder (see Annex A) to a production line, for the first
cylinder welded, or more at the discretion of the inspector. The radiographs shall be assessed in accordance

with 56466

6.3.3
are b
work
abov

6.3.4
radio
acce

6.3.5

whol¢ of the relevant shift’'s production shall be quarantined uftil it is demonstrated that the

satisf

6.3.6
the s

6.3.7
radio

40 ol las 1l <} r'H laall 4 ] 4l £ ot la, af 4
FZ aiTu VU PJTUUOLTuUIT STTAaim TTUT CUTTITTITCTILE UTITITOS S Ty AdTT TUUTTU TU UT SAatisTatltul y

Thereafter during production of that design of cylinder, in order to demonstrate that satis
eing produced consistently, one cylinder shall be selected at random at the beginning and
ng shift's production or at intervals not exceeding 12 h, whichever is the shorter,-and rad

a)

E.

Defect acceptance criteria shall be in accordance with 1SO 10042;2005 quality le
graphs show no unacceptable defects, the whole of the production of ‘the relevant working
pted subject to further tests as specified in B.2.

Should any of the radiographs show an unacceptable defect, production shall be stoq

actory, either by radiography or by other appropriate means approved by the inspector.

Production shall not be restarted until the cause of-the defect has been established and
arting up test procedure, as specified above, has been repeated.

Any weld repairs shall be according to an~approved welding procedure. All weld repa
graphed and rewelded. After rewelding.and, where necessary, re-radiography, all cyling

actory welds
end of each
ographed as

vel C. If the
shift shall be

ped and the
Cylinders are

rectified, and

rs should be
ers shall be

re-heat treated as part of a new batch or/production run in accordance with B.3, and shall be retested
accordingly. Acceptance criteria shall be in.accordance with Annex C.

6.4 | Surface defects

The |nternal and external surfaces of the finished cylinder shall be free from defects that wodlld adversely

affec
not i

thickmess specified.

6.5

The
use (

htroduce stress riserS! The wall thickness of any dressed area shall not be less than

Neck threads

nternal-heck threads shall conform to a recognized standard agreed between the parties
f,a corresponding valve, thus minimizing neck stresses following the valve torquing opers

I
the safe working of thecylinder. Such defects shall be removed by local dressing in a man}v

er that does
he minimum

o permit the
tion. Internal

neck

threads shall be checked using gauges correspanding to the agreed neck thread, or by 4

n alternative

method agreed between the parties.

EXAMPLE 1

are specified in ISO 11191:1997.

EXAMPLE 2

Where the neck thread is specified to be in accordance with ISO 11116-1:1999, the

gauges are specified in ISO 11116-2:1999.

Where the neck thread is specified to be in accordance with ISO 10920:1997, the corresponding gauges

corresponding

Particular care shall be taken to ensure that neck threads are accurately cut, are of full form and are free from
any sharp profiles, e.g. burrs.

©1S0
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6.6 Out-of-roundness

The out-of-roundness of the cylindrical shell, i.e. the difference between the maximum and minimum outside

diameters at

the same cross-section, shall not exceed 2 % of the mean of these two diameters.

6.7 Straightness

The maximum deviation of the cylindrical part of the shell from a straight line shall not exceed 10 mm per

metre length.

6.8 Eccen

When measl
shell shall ng
with a wall th

6.9 Stabiljty

For a cylinde
and the outd
outside diam

7 Tests

7.1 Gene

Every cylind
machine, or

7.2 Mech

7.21

All mechanig
material take
They do not

The mechan

7.2.2 Typep of test-and evaluation of test results

The number

General requirements

tricitv
r4

red on the same cross-section of a cylinder, the minimum and maximum wall thicknesses
t deviate by more than 10 % from the average of these two thicknesses. However,'for cyli

r designed to stand on its base, the deviation from vertical shall be\less than 1 % of its h
r diameter of the surface in contact with the ground shall be gfeater than 75 % of the no
pter (D).

and examinations

al

br submitted to any test shall be identifiakle to the batch, and either to the welder and we
n the case of an automatic machine tothe welding machine.

hnical tests

al tests for checkingsthe quality of the metal used for gas cylinders shall be carried o
n from cylinders onCwhich all operations affecting mechanical properties have been comp
heed to have beefpressure tested.

cal tests shallde carried out in accordance with 7.2.2 to 7.2.8, ISO 6892 and 1SO 6506-1.

the Iocallzatlon and type of test speC|mens shaII be taken as shown in F|gure 3 and the

shall be perfe

bf the
nders

ickness of less than 4 mm, the difference between the minimum and maximum wall thickng¢sses
of the shell njeasured on the same cross-section shall be less than or equal to 0,8 mm.

bight,
minal

Iding

it on
eted.

tests

and/or a base does not eX|st spemmens shaII be taken accordlng to the requwements for the cyllnder S|dewall.

7.2.3 Tensile test on parent material

7.231

The test piece on which the tensile test is carried out shall conform to the provisions of ISO 6892.

The two faces of the test piece corresponding to the internal and external walls of the cylinder shall not be

machined.
7.2.3.2

7233
stress (Rgg

14

The elongation after fracture shall not be less than 12 %.

The value obtained for tensile strength shall not be less than R,. The value obtained for the yield
), as defined in 3.1.1, during the tensile test shall not be less than R,,.
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7.2.4 Tensile test in the pressure-bearing welds

The test specimens T3 and T4 (see Figure 3) shall be cut transversely to the weld and sha
thickness of the material at the welded joint. The shape and dimension of the test specimen shall
in ISO 15614-2.

In preparing the test specimens, the face and back shall not be machined except to remove the

Il be the full
be as shown

backing strip

or the tongue of a joggle joint. The face and back of the test piece shall each represent the surface of the

parent material and the weld.

The ends of the test specimens may be carefully straightened cold as necessary in order to place them in the

testing machine.

The thsiIe strength shall be not less than that specified for the parent material.

NB4

1 Q
NB2 ﬁ
B4 T4 B6
NB3 1
Where the samples can be procured, the weld should be
perpendicular to the longitudinal axis of the sample.
a) Cylinders with circumferential seams only b) Cylinders with a boss/bung weld only
Key
1 weld B4  bend test on weld, outer surface in tension
T1 tensile test on parent material B6 bend test on weld, inner surface in tension
T4  tensile test on welded joint NB2 nick-break test on weld
B1  bend test on parent material NB3 nick-break test on weld
NB4 nick-break test on weld
NOTE The location of specimens around the circumference of the cylinder is not specified.

Figure 3 — Location of test specimens in a cylinder

© 1SO 2006 — All rights reserved
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NB4

—Cr
—

(2)

Cylinders with circumferential seams only: alternative positions for T1;and B1

Figure 3 (continued)
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NB4 NB4

C——=<12
——1B2

] 1 01]
T1 B1 >14 NBZB|'4| Th4|I§|6

NB1 &
B5I
T3——
B3l

]
w
=
I8
w
>

——L_—
i |

C

[ | E——
C
[ | E——

N

d) Cylinders with longitudinal and circumferential seams

Key

1 weld B3  bend test on weld, outer surface in tgnsion
T tensile test on parent material B4 bend test on weld, outer surface in tgnsion
T2 tensile test on parent material B5 bend test on weld, inner surface in tgnsion
T3 |tensile test on weld B6  bend test on weld, inner surface in tgnsion
T4 |tensile test on weld NB1 nick-break test on weld

B1 bend test'on parent material NB2 nick-break test on weld

B2 |bendiest on parent material NB4 nick-break test on weld

For dositions of specimens across circumferential welds, alternate on successive cylinders between| the positions
indicdted h\]/ full lines and those indicated hy dash-dotted lines

Figure 3 (continued)
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Key

1

T1

B1

HT1 and HT2

7.2.5 Bend

7.251
or, if greater,
be rounded f{
of 45° and a

7.25.2
distance of d

HT1
1
UT1
—c :
HT2

e) Cylinders with seamless bodies with a welded-shroud and foot-ring

weld

tensile test on parent material
bend test on parent material
hardness test specimens

Figure 3 (continued)

test on parent material

The bend tests shall'be carried out on two test pieces obtained by cutting a ring of width 2

3a’ (= 1 mm)into equal parts. Each ring may be machined only on the edges. These edges
p a radius of;no more than one tenth of the thickness of the test pieces or chamfered at an
width of Jess'than one tenth of the thickness of the test pieces.

The<bend tests shall be carried out using a former of diameter ¢ and two rollers separated

b mm
may
Angle

by a
veral

+3u’. During the test the inside face of the ring shall remain in contact with the former. Se

test pieces can be tested at the same time on the same test machine.

7.25.3
further apart

7.2.5.4

than the diameter of the former (see Figure 4).

exceed the values given in Table 3.

18

The test piece shall not crack when bent inwards around the former until the inside edges are not

The ratio (n) between the diameter of the former and the thickness of the test piece shall not
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Table 3 — Bend test requirements

Actual tensile strength, R | Value of n
MPa

R, <220
220 <R, < 330
330 <R, <440

R, > 440

O IN|IO® ]| O

Figure 4 — lllustration of bend test on parent metal

7.2.6)] Bend test across the welds

The idth of the test specimen shall be in accordance with ISO 7438 and the length shall be sdch that it will
satisfy the requirements of/this test. In preparing the test specimen the corners shall be rounded off and in
additfon the backing strip~er‘the tongue of a joggle joint, all excess weld metal and any weld reinforcement
shall poe machined off. This test shall be carried out in accordance with ISO 6892 (see Figure 5).

The former diameteri(d) shall be 10 times the specimen thickness.

Test specimens’B3 and B4 (see Figure 3) shall be bent with the outer surface of the weld in tension and test
specimens\B5 and B6 (see Figure 3) with the inner surface of the weld in tension. The inner and outer
surfagésyshall be ground flush. With reference to Figure 5, an angle a of 75° is required in addition to any
pre-existing curvature (e-g- thecurvature o samptes takerm fronT the boss/burng Tegion):

For cylinders of outside diameter less than 120 mm, the bend test may be replaced by a nick-break test on the
welds as shown in Figure 6. For cylinders designed as shown in Figure 3 c¢), the bend test may be replaced by
a nick-break test on the welds if the diameter of the boss/bung weld is less than 120 mm.

After bending, the inner and outer surfaces and the sides of the test specimen shall be examined and shall be
free from cracks.

© 1SO 2006 — Al rights reserved 19


https://standardsiso.com/api/?name=e093508f1fb0c10df5e136b0aaba2818

ISO 20703:2006(E)

Dimensions in millimetres

— . 3
A
AN (
A Iy
L
Key
L; distance ffom centre of roller to the weld prior to(forming
0,7d < L} < 0,94
Figure-5— lllustration of bend test across the welds
7.2.7 Nick+break test onthe pressure-bearing welds
Nick-break tg¢sts shall~be carried out on test specimens NB1, NB2, NB3 and NB4 (see Figure 3), which|shall
be prepared|in theSame way as those required for the bend tests (see 7.2.6) except that a slot shall He cut
along the weld’on‘each side at the centre line. The slot shall be of a form shown in Figure 6 except that for the
f i ift i esign

test specime
of the cylinder. The specimens shall then be broken cold in the weld and the fracture shall reveal a sound,

homogeneous weld with complete penetration, free from oxide or other inclusions or excessive porosity.
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Dimensions in millimetres

25

7.2.8

For c
on al

Addit

ylinders with seamless bodies, the hardness test of ISO 7866 applies. Hardness,tests shall

be ¢

crosg-section area of the specimens taken from the shroud and foot-ring-welds, respectively. Thg

the
hard

7.3

7.31

7.3.1
acco

7.31
at a g
be pr
than

7.3.1
cons

2 min.

pduced. The test shall be carried out at room temperature. (The temperature of the cylinder
10 °C.) See Figure 7.

Figure 6 — Nick-break test on weld

Hardness test

cylinders on the parent material and on a batch basis for welded additions.

pe performed

onally, for the cylinders with a seamless body with welded shroud and-foot-ring, the hardngss test shall
rried out on the test specimens HT1 and HT2 (see Figure 3). The tests shall be carried out on the

hardness in

rent metal, welded and heat-affected zone shall be equal te"or greater than the minimum guaranteed

ess.
Hydraulic burst test

Test conditions

1 All welding shall be completed on eylinders subjected to this test, which shall bea
dance with 1ISO 13769.

markings in

2 The hydraulic burst test shall be carried out using a test rig which allows pressure to pe increased

ontrolled rate until the cylinder_bursts and the curve of pressure variation versus volumetric

3 During the first\stage (elastic deformation), the rate of increase in pressure shall be 3
ant up to the levehat' which plastic deformation starts. The duration of the test shall not

expansion to
shall be less

pproximately
be less than
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P
®
<

0 N o WON -

7.3.

7.3.21

22

<]=.\

test fluid
tank for mj
pump
pressure
pressure/

test well
cylinder

Bservoir

auge

/ll\

easurement of test fluid (The feed tank may be used as a measuring tank.)

olumetric expansiari_curve recorder
vent or aiff release valve

Figure 7 — Typical hydraulic burst test installation

2 Interpretation of test

The interpretation of the burst test shall involve

determination of the maximum pressure (p,) and of the yield pressure (p,) attained during the test;

determination of the volumetric expansion (V) attained at burst;

visual examination of the tear and of the shape of its edges;

verification, in the case of cylinders with a concave base, that the base of the cylinder shows no visible
sign of having been reversed.
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7.3.2.2 The measured burst pressure (p,,) shall be
pb > 2,0 Xph
The observed yield pressure (py) shall be

py = 1IF x py

The specific change in volume of the cylinder is given by w
(0]

wherg

" is the capacity of the cylinder subsequent to bursting,

¥, is the capacity of the cylinder before expansion.
The yolumetric expansion (Vexp) shall be

(exp > 8 %
7:3.2 3 The burst test shall not cause fragmentation of the €ylinder. The cylinder shall rgmain in one
piecd.
7.3.2|4 The main tear shall not be of a brittle type. In addition, for cylinders of actual wall thickness less

than [13 mm other than spherical cylinders, the fracture shall be acceptable only if it conforms to|the following
descfiption.

— The edges of the fracture shall not be radial~but shall be sloping in relation to a diametrigal plane and
shall display a contraction.

— At each end of the fracture, a maximum of two branches shall be allowed and in this casge the shorter
branch at each end shall be less than 20 mm long.

— The fracture shall not extend more than 90° around the circumference on either side of its main part.

— The fracture shall not_extend into those parts of the cylinder of thickness more than 1,5 times the
aximum thickness\measured halfway up the cylinder. For cylinders with convex bases, the ffracture shall
ot reach the cenfreof the cylinder base.

For cylinders of actual wall thickness over 13 mm, the greater part of the fracture shall be longitudinal.

7.3.2{5 The tear shall not reveal any obvious defect in the metal.

7.4 | Pressure-cycling test

7.41 Cylinders subjected to this test shall bear markings in accordance with ISO 13769.

7.4.2 This test shall be carried out with a non-corrosive liquid. Cylinders which are guaranteed by the
manufacturer to be reasonably representative of the minimum values specified in the design shall be
subjected to successive reversals at an upper cyclic pressure which is equal to the hydraulic test pressure (py,).
The cylinders shall withstand 12 000 cycles without failure.

The value of the lower cyclic pressure (p,;) shall not exceed 10 % of the test pressure (py,).

The cylinder shall actually experience the maximum and minimum cyclic pressures during the test.
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The frequency of pressure reversals shall not exceed 0,25 Hz (15 cycles per minute). The temperature
measured on the outside surface of the cylinder shall not exceed 50 °C during the test.

The test shall be considered satisfactory if the cylinder attains the required number of cycles without
developing a leak.

7.5 Hydraulic test

7.5.1 The water pressure in the cylinder shall increase at a controlled rate until the pressure py, is reached.

7.5.2 The cylinder shall remain under pressure p, for at least 30 s to establish that the pressure does not

fall and that tlhere are no leaks.

7.5.3 Aftenthe test the cylinder shall show no visible permanent deformation.

7.5.4 Any pylinder which does not fulfil this test requirement shall be rejected.

7.5.5 The hydraulic proof pressure test may be replaced by a pneumatic proof pressure ‘test.

WARNING -

- Appropriate measures shall be taken to ensure safe operation:and to contain any er

that may be
hydraulic p
test is highl

released. It should be noted that pneumatic pressure tests require more precautions
essure tests since, regardless of the size of the container;‘any error in carrying ou
likely to lead to a rupture under gas pressure. Therefore,'these tests shall be carrie

only after ehsuring that the safety measures satisfy the safety requirements. Having decided tc
one particular type of test, its results shall be final. The test pressure shall be in accordance wit

stamp mark

ngs on the cylinder.

7.6 Check on the homogeneity of a batch

This test, wl
hardness tes
or in carrying

7.7 Leakad

The manufa
the satisfacti

7.8 Capag

The manufad

nich is carried out by the manufacturer'oh each cylinder, involves checking by means

out the heat treatment.

ge test

bn of the inspector that the cylinders do not leak.

ity check

turer shaltverify that the water capacity of each cylinder conforms to the design drawing.

7.9 Exam

nation for neck folds

ergy
than

this
H out
use
h the

of a

t or other appropriate means that no errer has been made in the choice of the original matgrials

turer shall employ such ‘manufacturing techniques and apply such tests as will demonstrate to

This subclause applies to cylinders with seamless bodies. Each cylinder shall be examined for neck

folds

(using an introscope, by tactile or ultrasonic examination, etc.). Folds that could compromise the performance
of the cylinder and that are visible as lines running towards the threaded portion as shown on the left-hand
side of Figure 8 shall be removed by a machining operation until the lines are no longer visible. After the
machining operation the thickness of the machined area and the thread’s characteristics shall be at least
those required to pass all necessary testing. The whole internal shoulder area shall be re-inspected to verify
that folding or its lines have been removed.
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—_
N

Key

1 fq
2 fq

8

New

9 Identification marks

Cylin

10 |
If the

A bat

Ids before machining
Ids after machining

Figure 8 — Example of cylinder neck folds before and after machining

Conformity evaluation

design type testing and production testing'shall be carried out in accordance with Annex B.

Hers shall be marked in accordance with ISO 13769.

Records
results of the-checks are satisfactory, the cylinders shall be stamped in accordance with 1SC

ch test certificate shall be issued, a typical example of which is given in Annex D.
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Annex A
(normative)

Corrosion tests

A.1 Test for assessing susceptibility to intercrystalline corrosion

A.1.1 Pringiple

The test method specified below consists in simultaneously immersing the specimens taken from.the fin
cylinder undgr test in a corrosive solution and examining them after a specified etching time,inorder to ¢
any signs df intercrystalline corrosion and determine the nature and degree of such corrosion.

propagation of intercrystalline corrosion is determined metallographically on polished surfaces cut transve
to the etched surface for parent material, weld material and associated heat-affected.zones.

A.1.2 Taking specimens

Specimens ghall be taken from the head, body and base of the cylinder)(Figure A.1) and also from re
representative of weld material and associated heat-affected zones (Eigure A.2) so that the tests wit
solution as dgfined in A.1.4.2.1 can be carried out on metal from all appropriate regions of the cylinder.
Each specimien shall be of the general shape and the dimensions indicated in Figure A.3.

The faces aq as az ay, by by by by, aq ap by by, and ay az by¥, shall all be sawn with a band saw and

carefully trimmed with a fine file. The surfaces a4 a4 byh4 and a, a3 b3 b,, which correspond to the inng
outer faces df the cylinder, respectively, shall be left in their rough manufactured state.

A.1.3 Preppration of surface before corrosive etching

A.1.3.1 Products required

The following products are required:

— nitric acid (HNO3) for analysis, density 1,33;

— hydrogep fluoride (HF) for analysis, density 1,14 (at 40 %);

— de-ioniz¢d water(H,0).

shed
etect

The
rsely

gions
h the

then
I and

A.1.3.2 Method

Prepare the following solution in a beaker.
— HNO3: 63 cm3.

— HF:6 cm3.

— H,0:931 cm3.

Bring the solution to a temperature of 95 °C. Treat each specimen, suspended on an aluminium wire, in this

solution for 1 min. Wash each specimen in running water and then in de-ionized water.
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Immerse the specimen in nitric acid, as defined in A.1.3.1, for 1 min at room temperature to remove any
copper deposit which may have formed. Rinse in de-ionized water.

To prevent oxidation of specimens, they should be plunged, as soon as they have been prepared, in the
corrosion bath intended for them (see A.1.4.1).

A.1.4 Performance of test

A.1.4.1 Corrosive solution

The i lution t
(Hy0p)-

A.1.4.2 Preparation of the corrosive solution

A1.421 Products required
The following products are required:
— INaCl crystallized, for analysis;

— 1,0, 100 to 110 volumes - medicinal;

— potassium permanganate (KMnO,) for analysis;
— sulphuric acid (H,SO,) for analysis, density 1,83;
— de-ionized water.

A1.4.2.2 Titration of hydrogen peroxide

Sincg the hydrogen peroxide is not very stable, it is essential to check its titre before use. To| do this take
10 cm?3 of hydrogen peroxide with-a-pipette, dilute to 1 000 cm3 (in a gauged flask) with de-ionized water, thus
obtaiphing a hydrogen peroxidessoldtion which will be called C. With a pipette, place in an Erlenmelyer flask

— 10 cm3 of the hydrogén-peroxide solution C;

4

— 2 cm3 approxinfately of sulphuric acid, density 1,83.

A solution of permanganate at 1,859 g/l shall be used for the titration. The permanganate itself erves as an
indicator.

A1.423 Explanation of titration

The reaction of the permanganate on the hydrogen peroxide in a sulphuric acid medium is expressed as
2 KMnO, + 5 H,0O, + 3 H,SO,4 — K,SO, + 2 MnSO, + 8 H,O + 5 O,
which gives the equivalence 316 g KMnO, = 170 g H,O,

Therefore 1 g of pure hydrogen peroxide reacts on 1,859 g of permanganate; hence the use of a 1,859 g/l
solution of permanganate, which saturates, volume for volume, 1 g/l hydrogen peroxide. Since the hydrogen
peroxide was diluted 100 times to begin with, the 10 cm3 of the test sample represent 0,1 cm3 of the original
hydrogen peroxide.
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By multiplying by 10 the number of cubic centimetres of permanganate solution used for the titration, the
titre T of the original hydrogen peroxide in grams per litre is obtained.

A1.4.24

Preparation of the solution

Method for 10 I:

Dissolve 570 g of sodium chloride in de-ionized water to obtain a total volume of about 9 I. Add the quantity of
hydrogen peroxide calculated below. Mix and then make up the volume to 10 | with de-ionized water.

Calculate the volume of hydrogen peroxide to be put into the solution as follows.

Quantity of p|

If the hydro
centimetres,

1000 x ]
T

A1.43 Etc

A.1.4.31
bath. Stir the

Either suspe
in the solutio]
be six hours
per square c

After etching
water and dr

A.1.4.3.2
of alloy and
be adhered t

A.1.5 Prep

A.1.51

The following

aration of specimens for examination

Products required

ure hydrogen peroxide required: 30 g.

pen peroxide contains 7' grams of H,O, per litre, the volume required, expressed in
will be

0

thing conditions

Place the corrosive solution in a crystallizer (or possibly a large’ beaker), itself placed in a
water bath with a magnetic stirrer and regulate the temperature with a contact thermometer

hd the specimen in the corrosive solution by means af;an aluminium wire or place the speg
h so that it rests only on the corners, the second method being preferable. The etching time

entimetre of specimen surface.

wash the specimen in water, immersg, it\for about 30 s in 50 % dilute nitric acid, wash ag
y with compressed air.

\ number of specimens can be etched at the same time provided that they are of the same

hat they are not in contact. The minimum quantity of reagent per unit of specimen surface
D.

products are required.

cubic

vater

imen
shall

and the temperature fixed at (30 + 1) °C to ensure that the quantity of reagent is at least 10 cm3

Bin in

type
shall

— Casting fdishes with, for example, the following dimensions:
— external diameter: 40 mm;
— height: 27 mm,;
— wall thickness 2,5 mm.

— Resin plus hardener.

28

© 1SO 2006 — All rights re

served


https://standardsiso.com/api/?name=e093508f1fb0c10df5e136b0aaba2818

A15

ISO 20703:2006(E)

.2 Method

Place each specimen vertically in a casting dish so that it rests on its face a4 a, a3 a4. Pour a mixture of resin
and hardener around it in the appropriate proportion. The usual setting time is about 24 h.

Remove a certain amount of material from the face a4 a, as a4, preferably by lathe, so that the section
a'ya'ypa'zad, examined under the microscope cannot show corrosion from the surface a4 a, azay. The
distance between the faces a4 a; az a4 and a'y a'5 a'3 'y, i.e. the thickness removed by the lathe, shall be at
least 2 mm (Figures A.3 and A.4). The section for examination shall be polished mechanically with alumina,
first on paper and then on felt.

A.1.6 Micrographic examination of specimens

The ¢xamination consists in noting the intensity of intercrystalline corrosion on the part of-the pe

secti
outer

First,
atah

A1.]
This

For g
not e

Howgver, it is permissible for these values\te' be exceeded locally provided that they are not exce

than

For g
the tv

bn to be examined (see A.1.7). When doing this, take account of the properties ofythe” meta
and inner surfaces of the cylinder and in the thickness of the latter.

examine the section at low magnification (e.g. x 40) in order to locate the.mast corroded arg

[ Interpretation of the micrographic examination
consists in verifying that intergranular corrosion is superficiak

lloys with equiaxed crystallization, the depth of corrosion-round the entire perimeter of the
kceed the higher of the following two values:

— three grains in the direction perpendicular te;the face examined;

— 0,2 mm.

four fields of examination at x 300 ‘magnification.

lloys with crystallization setin‘one direction through cold working, the depth of the corrosion
vo faces which make up thejinternal and external surfaces of the cylinder shall not exceed 0,

imeter of the
| both on the

as, and then

igher magnification, usually about x 300, in order to assess the nature and/extent of the corfosion.

section shall

bded in more

into each of
1 mm.
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Figure A.1 — Location of specimens — parent material
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weld

WCA1

N

a) Cylinders with circumferential seams only

WCA1

b) Cylinders with a boss/bung weld only

Weld intercrystalline corrosion test.

Where the samples can be procured, the weld should be perpendicular to the longitudinal axis of the sample.

© 1SO 2006 — All rights reserved

Figure A.2 — Location of specimens — weld material
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Key
1

"0 | —

1
WC2
¢) PCylinders with longitudinal and d) Cylinders with seamless bodies with a wejded
circumferential seams shroud and foot-ring
weld

WC1 Weld intercrystalline corrosion test

WC2 Weld inftercrystalline corrosion test.

32

Figure A.2 (continued)
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Dimensions in millimetres

Key
1 hple, 3 mm diameter

2 thickness of cylinder

Figure A.3 — Specimen shape and dimensions — parent material

Dimensiong in millimetres

A

a) Details of WC1 test piece

Figure A.4 — Specimen shape and dimensions — weld material
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b) Details of WC2 test piece

Key
1 weld 3 thickness of cylinder 5 seylinder
2 hole, 3 mm diameter 4 heat-affected zone 6, foot-ring

Figure A.4 (continued)
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Key
1 chstingdish

2 C‘ “IIdUI DPUL’;IIIUII

3 resin matrix
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Figure A.5 — Specimens in casting dish
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A.2 Tests

for assessing susceptibility to stress corrosion

A.2.1 Principle

The method
cylinder, thei

specified below consists of the subjection to stress of rings cut from the cylindrical part of the
r immersion in brine for a specified period, followed by removal of the brine and exposure to the

air for a longer period and repetition of this cycle for 30 d. If there are no cracks in the rings after the period of

30 d, the allo

y can be considered suitable for the manufacture of gas cylinders.

A.2.2 Taking specimens

Cut three rin
(see Figure /
bolt and two

A.2.3 Surface preparation before corrosion test

All traces of

A.2.4 Performance of the test

A2.41

A.2.41.1
of water.

A.2.4.1.2
A2413

A.241.4
adding distill

A.2415

Preparation of the corrosive solution

The pH value of the freshly prepared solution shall be in the range 6,4 to 7,2.

The pH may be corrected only by using dildte hydrochloric acid or dilute sodium hydroxide.

The solution shall be completely replaced every week.

inder
aded

s with a width of 44’ or 25 mm, whichever is the greater, from the cylindrical part of the cy|
\.6). The specimens shall have a 60° cut-out and be subjected to stress by means of(a.thre
huts (see Figure A.7).

jrease, oil and adhesive used with stress gauges (see A.2.4.2.3) shall be.removed with a sojvent.

Prepare the brine by dissolving 3,5 + 0,1 parts by mass of sodium chloride in 96,5 parts by mass

The solution shall not be topped up.byradding the salt solution described in A.2.4.1.1, but onply by

bd water up to the initial level in the.vessel. Topping up may be carried out daily if necessary

A24.2 Ap

plying the stress to the rings
hree rings are to-be compressed so that the outer surface is under tension.

he tensile siress reached on the external face of the test specimen shall be equal to R./1,3.

he actual stress may be measured by electric stress gauges.

following equation:

D'=D

in which

Dr

D

t

36

7R(D - t)2
4Ftz

is the diameter of the ring when compressed in millimetres;
is the external diameter of the cylinder in millimetres;

is the cylinder wall thickness in millimetres.
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R is the tensile stress reached on the external face of the test specimen, equal to R./1,3, in

megapascals;
E is the modulus of elasticity in megapascals = 70 000 MPa approximately;
z is the correction factor (Figure A.8).

A.2.4.2.5 The nuts and bolts shall be electrically insulated from the rings and protected from
the solution.

A.2.4.2.6 The three rings shall be completely immersed in the saline solution for 10 min.

A.2.4.2.7 They shall then be removed from the solution and exposed to the air for 50 min.

A.2.4.2.8 This cycle shall be repeated for 30 d or until the ring breaks, whichever happens first

A.2.4.2.9 The specimens shall be inspected visually for any cracks.

A.2.5 Interpretation of the results

The alloy shall be considered acceptable for the manufacture of gas cylifders if none of the rings

stresp develops any cracks visible to the naked eye, or visible at low-idagnification (x 10 to x 30),
the 3p-d test period.

Possible metallographical examination

1 In the event of doubt about the presence“of cracks (e.g. line of pitting), uncerta

corrosion by

subjected to
at the end of

inty may be

removed by means of an additional metallographicalexamination of a section taken perpendicular to the axis

ring in the suspect area (see Figure A.6). A\comparison is made of the form (inter- or trar

s-crystalline)

and depth of penetration of the corrosion on the(faces of the ring subject to tensile and compressive stress.

A.2.4.2 The alloy shall be considered-acceptable if the corrosion on both faces of the ring is [similar. If the

outerfface of the ring reveals inter-crystalline cracks which are clearly deeper than the corrosion
inner{face, the ring shall be considered-to have failed the test.

A.2.T Reports
A.2.71 The name ofthe alloy and/or its standard number shall be indicated.

A.2.7.2 Compesition limits of the alloy shall be given.

A.2.1.3 The)actual analysis of the cast from which the cylinders were manufactured shall be

affecting the

entioned.

A.2.71.4 The actual mechanical properties of the alloy shall be reported, together with the minimum

mechanical property requirements.

A.2.7.5 The result of the test shall be given.

© 1SO 2006 — All rights reserved
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A
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A
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A
 J
A
 J
A
 J
A
 J

a) Location of specimen rings

b) Section for additional metallographical examination

Key

1 axis
2 perpendicular plane

a  4a' or 25.

Figure A.6 — Specimen rings

38 © 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=e093508f1fb0c10df5e136b0aaba2818

ISO 20703:2006(E)

/

—

Hreaded bolts
npt
insulating washer

D WN -
> =

pproximately 60°.

Figure A.7 — Stress by compression

0,08 —
/

0,96 /

0,94 /

0,92 /

0,9

0,88

0,86 .
0O 10 20 30 40 50 60 70 80 90 100 D/a

Figure A.8 — Correction factor z plotted against D/a
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Annex B
(normative)

New design type testing and production testing

B.1 New design type testing

NOTE TH
6.2.2.5.4.9 of

B.1.1 New

A previously
conditions af

a)

b)

c)

d)

e)

f)

)]

h)

it is man

it is ma
changes

it is man

it is man
design t

it is give

the bass
base thi

the over

less tham 3:1 shall not be used assreference cylinders for any new design with this ratio greater than

the nom
an incre
used for
to be of

the gua

changed.

e tests specified in this annex are suitable for use in the procedure for design type approval deseri
he UN model regulations for the transportation of dangerous goods ST/SG/AC.10/1/Rev.13.

design type testing shall be carried out for each new design of cylinder.

ply:

ufactured in a different facility;

are made during the production period);
ufactured using a different welding procedure;

ufactured from an alloy of different specified composition limits from that used in the original
pst;

h a different heat treatment that is outside the ranges defined in 4.2.3;

profile has changed (e.g. concave;.convex, hemispherical) or there is a change in the des
ckness;

bl length of the cylinder has-increased by more than 50 % (cylinders with a length:diamete

nal outside diameter-has changed by more than 1 %;

hBse in test pressure which requires a change in design wall thickness (where a cylinder is
a lower pressure duty than that for which design approval has been given, it shall not be de
B new design);

anteed-minimum vyield stress (Rg) and/or the guaranteed minimum tensile strength (R;)

bed in

approved cylinder shall be considered to be of a new design type whenany of the follpwing

hufactured by a different metal forming process (this includes‘the case when major process

new

gned

ratio

to be

emed

have

B.1.2 The applicant for new design type testing shall, for each new design of cylinder, submit the
documentation necessary for the checks specified below and make available to the relevant authority a batch
of at least 50 cylinders — which shall be guaranteed by the manufacturer to be representative of the production
cylinders — from which the number of cylinders required for the tests referred to below will be taken, together
with any additional information required. In particular, the applicant shall indicate the type of heat treatment
and mechanical treatment, and the temperature and the duration of treatment under 4.2. They shall provide
cast analysis certificates for materials used in the manufacture of the cylinders. Every cylinder submitted to
any test shall be identified to the batch.

40
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B.1.3 In the course of the new design type testing process, it shall be verified that

— the calculation specified in 5.2 is correct;

— the thicknesses of the walls and, where applicable, the ends of two of the cylinders taken for tests meet
the requirements of 5.2 and 5.3, the measurements being taken on three transverse sections and over
the whole of the longitudinal sections of the base and the head;

— the requirements of 4.1 (material) are conformed to;

— the requirements of 6.1 and 6.2 are conformed to;

— the geometrical requirements of 6.5 to 6.9 are conformed to for all the cylinders selected'byf the relevant
uthority;

— the internal and external surfaces of the cylinders are free of any defect which might-make them unsafe to
se (see 6.4).

The following tests on the cylinders selected shall be witnessed:
— the radiography test as specified in 6.3;
— the tests for resistance to corrosion on one cylinder, or two if'the size of the cylinder doeg not allow it,
intercrystalline corrosion and stress corrosion as specified 9@ Annex A (it is not necessary| to carry out
ese tests when only condition B.1.1 f) applies and/or when the nominal outside diameter has changed
y less than 20 %);
— the tests specified in 7.2 (tensile and bend tests) on two cylinders; where the length of the cylinder is
500 mm or more, the tensile tests in a longitudinal direction and the bend tests shall be garried out on
st pieces taken from the upper and lower regions of the shell;
— the tests specified in 7.3 (hydraulic burstitest) on two cylinders;
— the tests specified in 7.4 (pressure(cycling test) on two cylinders.
B.1.4 If the results of the checks'are not satisfactory, proceed in accordance with B.3.
If the|results of the test are satisfactory, a new design type testing certificate shall be issued. This new design

type testing certificate may-be in the form of a type approval certificate, a typical example of whi¢h is given in
Annex D.

B.2 |Production testing

B.2.1 For'the purpose of production testing, the cylinder manufacturer shall provide the inspectpr with

a) tRetype approval certficate,
b) cast analysis certificates of the materials, including filler wire, used for the manufacture of the cylinders;
c) certificate covering NDE (see 6.3);

d) means of identifying the cast of the material from which each cylinder was made — every cylinder shall be
identifiable to the batch;

e) a statement of the processes utilized as specified in 4.2 and the relevant documentation relating to the
heat treatment and mechanical treatment (see Annex D);

f)  the serial numbers of the cylinders.
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B.2.2 During production testing the inspector shall perform the following.

a) Ascertain that the new design type testing certificate has been obtained and that the cylinders conform to
it.

b) Check the documents which give data concerning the materials.

c) Check whether the technical requirements set out in Clauses 4, 5 and 6 have been met and in particular
check by an external and, if physically possible, internal, visual examination of the cylinders whether their
construction and the checks carried out by the manufacturer in accordance with 6.2, 6.4, 6.5 and 6.6 are
satisfactory; the visual examination shall cover at least 10 % of the cylinders manufactured. If one
unacceptabte-defectis-found{as-deseribecHr-AnnexC)—100-%of theeylinders—shalt-be-inspected:

d) Witness|the tests specified in 7.2 and 7.3 on two cylinders that shall be taken at random from @ach patch
of cylinders or part thereof that have been made from the same cast and have undergone-the spegified
heat treptment in identical circumstances. One of the cylinders shall be subjected tocthe tests in 7.2
(mecharjical tests) and the other to the tests prescribed in 7.3 (burst test).

e) Assess fhe results of the checks on the homogeneity of the batch carried out onyevery cylinder by the
manufagturer in accordance with 7.6 (homogeneity).

f)  Check thhe marking (see Clause 9).

g) Check the threads as prescribed in 6.5.

B.2.3 The [selection of specimens and all the tests shall be carried out in the presence and unddr the

supervision qf a representative of the inspector.

B.2.4 Aften all the tests specified have been carried out, allithe cylinders in the batch shall be subjecfed to

the hydraulic|test specified in 7.5.

B.2.5 If thg results of the checks are satisfactory/-the inspector shall verify that the cylinder is marked in

accordance \ith ISO 13769, shall apply the confermity marks and shall issue a production testing certificate, a

typical examjple of which is given in Annex D\f the results of the checks are not satisfactory, proceled in

accordance \vith B.3

B.3 Failune to meet test requirements

B.3.1 The following procedure may be used both for new design type and production testing. In the event of

failure to megt test requireménts, retesting or reheat treatment and retesting shall be carried out as follows.

a) |If there [s evidenge, 'Of a fault in carrying out a test or an error of measurement, a second test shall be
performg¢d on thesxsame cylinder if possible. If the results of this test are satisfactory, the first test shall be
ignored.

b) If the test-has-been-carried-out-ina-satisfactory-manner-the-cause-shall-be-identified-orthe-batch-shhll be
scrapped.

1) If the failure is due to the heat treatment applied, the manufacturer may subject all the cylinders of
the batch to further heat treatment(s).

The cylinders may be re-solution treated and artificially aged, or alternatively additional time at the
ageing treatment temperature may be given.

2) If the failure is not due to the heat treatment applied, all the identified defective cylinders shall be
scrapped or repaired by an approved method. The remaining cylinders shall then be considered as a
new batch.
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All the new design type or production tests shall be performed again. If any test or part of a test is
unsatisfactory, all cylinders of the batch shall be scrapped. In both cases, this new batch shall be retested.

B.3.2 Cylinders that have been subject to reheat treatment may only be presented to the inspector once
more for testing.
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