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Foreword

4:2021(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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bed. The main changes compared-with the previous edition are as follows:

Lpdate of Clause 5;
Clarification of Figure 3;
rlarification of 8.9;

modification of 91, 9.2, 9.2.4 and Annex A;

hew subclause 9.2.5 for parallel threads;
hew subclause 9.4 for cylinders ordered in small quantities.

L ofall parts in the ISO 9809 series can be found on the ISO website.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides a specification for the design, manufacture, inspection and testing of a
seamless stainless steel cylinder. The objective is to balance the design and economic efficiency against
international acceptance and universal utility.

[SO 9809 (all parts) aims to eliminate the concern about climate, duplicate inspections and restrictions
because of the lack of definitive International Standards.

This document has been written so that it is suitable to be referenced in the UN Model Regulations[2l.
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Ga

s cylinders — Design, construction and testing of

refillable seamless steel gas cylinders and tubes —

Part 4:
Stainless steel cylinders with an R, value of less than 1 100
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Scope

document specifies the minimum requirements for the materials, «esign, consti
xmanship, manufacturing processes, examinations and testing at time éfimanufacture f
hless, stainless steel gas cylinders with water capacities up to and inclading 150 1.

le strength, R, ., of less than 1 100 MPa.

ma’

) If so desired, cylinders of water capacity between 150Pand 450 1 can be manufactured
rmance to this document.

Normative references
titutes requirements of this document..For dated references, only the edition cited

| 48-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

3651-2, Determination of fesistance to intergranular corrosion of stainless steels
tic,austenitic and ferriticéaystenitic (duplex) stainless steels — Corrosion test in medid
ric acid

b506-1, Metallic mdaterials — Brinell hardness test — Part 1: Test method
b508-1, Metallic materials — Rockwell hardness test — Part 1: Test method
h892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperaturé

D32841,Steel flat products for pressure purposes — Technical delivery conditions — Parf
irements

uction and
r refillable,

applicable to cylinders for compressed, liquefied and dissolved gases with a maximum actual

to be in full

following documents are referred to in thetext in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the'referenced document (including any amendments) applies.

— Part 2:
containing

t 1: General

IS0 9329-4, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 4: Austenitic
stainless steels

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 10286, Gas cylinders — Vocabulary

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

ISO 13769, Gas cylinders — Stamp marking

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10286 and the following apply.

© IS0 2021 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Onl

ine browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
batch

quantity of up to 200 cylinders, plus cylinders for destructive testing of the same nominal diameter,
thickness, length and design made successively on the same equipment, from the same cast of steel, and
subjected to the same heat treatment for the same duration of time

3.2
burst pres}

Py
highest pre

3.3

cold worki
process in
increase the

34
cryoformi
process wh
results in a

3.5

design stre
F

ratio of the

3.6
quenching

fure
bsure reached in a cylinder during a burst test
ng

which a cylinder is subjected to a pressure higher than the cylinder.test pressure (3.1]
e yield strength (3.12) of the steel

8
re the cylinder is subjected to a controlled low-temperature deformation treatment

permanent increase in strength

ss factor

equivalent wall stress at test pressure, py, (3.11) to guaranteed minimum yield strength

hardening heat treatment in which a cylinder, which has been heated to a uniform temperature a

the upper c

3.7
reject
action to se

3.8
rendered y
cylinder th4

Note 1 to en
Any actions

ritical point, Ac, of the steel,'is cooled rapidly on a suitable medium

I aside a cylinder (Leyel 2 or Level 3) that is not allowed to go into service

nserviceable
t has beenytreated in such a way as to render it impossible for use

ry: Examples for acceptable methods to render cylinders unserviceable can be found in ISO 1
neylinders rendered unserviceable are outside the scope of this document.

1) to

that

eg

pove

B119.

3.9
repair

action to return a rejected cylinder to a Level 1 condition

3.10
tempering

toughening heat treatment which follows quenching (3.6), in which the cylinder is heated to a uniform

temperatur

e below the critical point, Ac;, of the steel

© IS0 2021 - All rights reserved
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3.11
test

Ph

ISO 9809-

pressure

required pressure applied during a pressure test

Note

1 to entry: Test pressure is used for the cylinder wall thickness calculation.

3.12

yield strength
stress value corresponding to the 0,2 % proof stress or for austenitic steels in the solution-annealed
condition, 1 % proof stress

4:2021(E)

3.13
wor
sett]

4

T

king pressure
ed pressure of a compressed gas at a uniform reference temperature of 15 °C in-aifull g

Symbols

percentage elongation after fracture

calculated minimum thickness, in millimetres, of the cylindrical shell

guaranteed minimum thickness, in millimetres, of the ¢ylindrical shell

guaranteed minimum thickness, in millimetres, ofta.concave base at the knuckle (see
guaranteed minimum thickness, in millimetres;.at the centre of a concave base (see F}

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

cylinders (see Figure 11)

maximum permissible deviation;in millimetres, of the burst profile for cryoformed or s
annealed cylinders with less\than 7,5 mm wall thickness (see Figure 12)

nominal outside diameter of the cylinder, in millimetres (see Figure 1)
diameter, in millimetres, of former (see Figure 6)

design stress.factor (variable)

outside depth (concave base end), in millimetres (see Figure 2)

~

hs cylinder

Figure 2)
gure 2)

ure 1)

maximum permissible deviation, in millimetres, of burst profile for quenched and tempered

lution-

outside‘h€ight, in millimetres, of the domed part (convex head or base end) (see Figure 1

¢
=
—

ofiginal gauge lenagth in millimetres as defined in ISQ0 68921 (coe Figure 5
S 5T 5Ty Y T Tgateoy

o

Py

Ph

overall length of the cylinder, in millimetres (see Figure 3)

ratio of the diameter of the bend test former to the actual thickness of test piece, t
measured burst pressure, in bar, above atmospheric pressure

NOTE 1 bar =105 Pa=0,1 MPa.

hydraulic test pressure, in bar, above atmospheric pressure

observed pressure when the cylinder starts yielding during the hydraulic burst test, in bar, above

atmospheric pressure

© IS0 2021 - All rights reserved
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r inside knuckle radius, in millimetres (see Figures 1 and 2)

R., actual value of the yield strength, in megapascals, as determined by the tensile test (see 10.2)

R., minimum guaranteed value of the yield strength (see 7.1.1), in megapascals, for the finished cylinder

R, actual value of the tensile strength, in megapascals, as determined by the tensile test (see 10.2)

Ry minimum guaranteed value of the tensile strength, in megapascals, for the finished cylinder

S, original cross-sectional area of the tensile test piece, in square millimetres, in accordance with
[SO 6892-1

t actua] thickness of the test specimen, in millimetres

t, average cylinder wall thickness at the position of testing during the flattening test, in‘millimgtres

u ratio |of the distance between the knife edges or platens in the flattening-test to the average

cylinder wall thickness at the position of the test
% wateri| capacity of the cylinder, in litres

w widtH, in millimetres, of the tensile test piece (see Figure 5)

5 Inspection and testing

Assessmen{ of conformity to this document shall take intoaccount the applicable regulations of the
countries of use.

To ensure that cylinders conform to this document, they shall be subject to inspection and testing in
accordancefwith Clauses 9, 10 and 11.

Tests and ekaminations performed to demonstrate compliance with this document shall be conducted
using instriiments calibrated before being put into service and thereafter according to an established
programmyg.

6 Maternjials

6.1 Gendral requirements

6.1.1 Materials for-the manufacture of gas cylinders shall fall within one of the following categorjies:

a) internaftionallyrecognized cylinder steels;

b) nationgllyrecognized cylinder steels;

c¢) new cylinder steels resulting from technical progress.

For all categories, the relevant conditions specified in 6.2 and 6.3 shall be satisfied.
6.1.2 There is a risk of intergranular corrosion in austenitic and duplex stainless steels resulting
from hot processing which can cause sensitization of the steel (e.g. chromium depletion in the grain

boundary). Intergranular corrosion testing shall be carried out for such materials in accordance with
10.6.

6.1.3 The cylinder manufacturer shall establish the means to identify the cylinders with the cast of
steel from which they are made.

4 © IS0 2021 - All rights reserved
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6.1.4 Grades of steel used for the cylinder manufacture shall be compatible with the intended gas
service, e.g. corrosive gases and embrittling gases (see ISO 11114-1).

6.1.5 Some grades of stainless steel can be susceptible to environmental stress corrosion cracking.
Special precautions shall be taken in such cases, such as appropriate coating.

6.1.6 Some grades of stainless steel can be susceptible to phase transformation at low temperatures
resulting in a brittle alloy. Special precautions shall be taken in such cases, i.e. not using the cylinder
below the minimum acceptable temperature.

6.2 | Controls on chemical composition

6.2.1 The following are the four broad categories of stainless steels:
— ferritic;

— martensitic;

— pustenitic;

— hustenitic/ferritic (duplex).

Recagnized steels are listed in SO 15510. Other grades of stdinléss steel can also be used prjovided that
theyfulfil all the requirements of this document.

6.2.2 The cylinder manufacturer shall obtain andnake available certificates of cast (heat) analyses
of thle steels supplied for the construction of gas cylinders.

Should check analyses be required, they shall-be carried out either on the specimens taken during the
manufacture from the material in the form:ds'supplied by the steel maker to the cylinder manufacturer,
or fijom finished cylinders. In any check analysis, the maximum permissible deviation froin the limits
spedified for the cast analyses shall cenform to the values specified in ISO 9329-4.

6.3 | Heat treatment

6.3.1 The cylinder manufacturer shall certify the heat treatment process applied to the finished
cylinders.

6.3.2 The finished/cylinders made from the ferritic or martensitic steel categories shall He quenched
and fempered, €xcept if they are cold worked (see 6.4).

6.3.3 For-the ferritic and martensitic steels, the heat treatment process shall achieve the required
mechanical properties.

6.3.4 The actual temperature to which a type of steel is subjected to obtain a given tensile strength
shall not deviate by more than +30 °C from the temperature specified by the cylinder manufacturer.

6.4 Cold working or cryoforming

Cold working or cryoforming is used to enhance the finished mechanical properties in certain stainless
steel materials.

For cylinders that are subjected to cold working or to the cryoforming process, all the heat treatment
requirements refer to the cylinder preform operations. Cold worked or cryoformed cylinders shall not
be subjected to any subsequent heat treatment.

© IS0 2021 - All rights reserved 5
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6.5 Failu

re to meet test requirements

In the event of failure to meet the test requirements, retesting or reheat treatment and retesting shall
be carried out as follows to the satisfaction of the inspector.

a) Ifthere is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed. If the result of this test is satisfactory, the first test shall be ignored.
b) Ifthe test has been carried out in a satisfactory manner, the cause of test failure shall be identified.
1) If the fallure is con51dered to be due to the heat treatment apphed the manufacturer may
e.g. if
uire
reheat treatment of all the represented cylinders prior to retestlng This reheat tredtient
b are
vant
med
atch
2) with
imperfections shall be either rejected or repaired such that the(@epaired cylinders pasg the
tesk(s) required for the repair. They shall then be reinstated as-part of the original batch.
7 Design
7.1 Gendral requirements
7.1.1 The| calculation of the wall thickness of the pressure-containing parts shall be related ta the
guaranteed/minimum yield strength, R, of the material in the finished cylinder.
7.1.2 Cylinders shall be designed with oné or two openings along the central cylinder axis only.
7.1.3 The| internal pressure uponswhich the calculation of wall thickness is based shall bg the
hydraulic tgst pressure, p;,.
7.2 Design of cylindrical'shell thickness
The guararteed minimgnivthickness of the cylindrical shell, a’, shall not be less than the thickness
calculated ysing Formultae (1) and (2), and additionally, Formula (3) shall be satisfied.
D 10FR,, —3py,
a=—|1-~—">—— (@8]
2 10FR,,
where the value of F is equal to 0,77.
The wall thickness shall also satisfy Formula (2):
D
a>—+1 2
250 (2)
with an absolute minimum of a = 1,5 mm.
The burst ratio shall be satisfied by test as given in Formula (3).
Py/Pr 21,6 (3)

© IS0 2021 - All rights reserved
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NOTE It is generally assumed that p,, = 1,5 times working pressure for compressed gases for cylinders
designed and manufactured to conform with this document.

7.3 Design of convex ends (heads and bases)

7.3.1 When convex base ends (see Figure 1) are used, the thickness, b, at the centre of a convex end
shall be not less than that required by the following criteria: where the inside knuckle radius, r, is not
less than 0,075 D, then:

— b21,5afor0,40>H/D = 0,20;

— bzaforH/D 2 0,40.

To optain a satisfactory stress distribution in the region where the end joins the shell/any thickening
of the end when required shall be gradual from the point of juncture, particularlyyat the bpse. For the
appljcation of this rule, the point of juncture between the shell and the end is défined by the horizontal
lineqd indicating dimension H in Figure 1.

Shape b) shall not be excluded from this requirement.

7.3.2 The cylinder manufacturer shall prove by the pressure cycling test detailed in 9.R.2 that the
design is satisfactory.

The [shapes shown in Figure 1 are typical of convex heads.ahd base ends. Shapes a), b), d) and e) are
basg ends, and shapes c) and f) are heads.

7~\/\/\! 7\/\/\! s

R

_|_
L
-+

/«\/—\/'\l

|
|
|
|
|
|
|
|
%
|

1
D/2 D/2 | 0/2
a) b) )
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Key
1  cylindri

7.4 Desiy

741 Wh

— a1 224

— a,224d

— h=0,17
— r=0,07

The design

al part

Figure 1 — Typical convex ends

rn of the concave base ends

D;
5 D.

drawing shall at least show values for a;, a,, hand r.

en concave base ends (see(Figure 2) are used, the following design values are recommended:

To obtain a satisfactory stress distribution, the thickness of the cylinder shall increase progressively in
the transition region between the cylindrical part and the base.

7.4.2 The cylinder manufacturer shall in any case prove by the application of the pressure cycling
test detailed in 9.2.2 that the design is satisfactory.
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7.5

7.5.1
for t

type

NOTE

7.5.2

prev
the ¢
end
max
cylix
stre
such
sped
and

7.6

Whe
shoy
the

trap

Figure 2 — Concave base ends

Neck design

The external diameter and thickness of the formed néck end of the cylinder shall he adequate

he torque applied in fitting the valve to the cylinder. The torque can vary according
, diameter of the thread, the form of the thread and the'sealant used in the fitting of th¢

»

For information on torques, see ISO 13341.

! In establishing the minimum thicknessthe thickness of the wall in the cylindej

ent permanent expansion of the neck during the initial and subsequent fittings of th
ylinder without support of an attachment. The external diameter and thickness of the f|
pf the cylinder shall not be damaged (no permanent expansion or crack) by the applid
imum torque required to fit th€ valve to the cylinder (see ISO 13341) and the stressg
der is subjected to its test pressure. In specific cases (e.g. very thin-walled cylinders) ¥
bses cannot be supported-by*the neck itself, the neck maybe designed to require rei
as a neck ring or shrunk on' collar, provided the reinforcement material and dimension
ified by the manufacturer and this configuration is part of the type approval procedu
D.2.5).

Foot rings

n a footfing is provided, it shall be made of material compatible with that of the cylinde
1d preferably be cylindrical and shall give the cylinder stability. The foot ring shall be
Cylinder by a method other than welding, brazing or soldering. Any gaps which can
5 shiall be sealed by a method other than welding, brazing or soldering.

o the valve
valve.

neck shall
b valve into
ormed neck
ation of the
s when the
where these
hforcement,
b are clearly
e (see 9.2.4

I. The shape
secured to
form water

7.7

Neck rings

When a neck ring is provided, it shall made of a material compatible with that of the cylinder and shall
be securely attached by a method other than welding, brazing or soldering.

The axial load to remove the neck ring shall be greater than 10 times the weight of the empty cylinder
but not less than 1 000 N, and that the torque to turn the neck ring is greater than 100 Nm.
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7.8 Design drawing

A fully dimensioned drawing shall be prepared which includes the specification of the material and
details relevant to the design of the permanent fittings. Dimensions of non-safety related fittings can be
agreed between the customer and manufacturer and need not be shown on the design drawing.

8 Construction and workmanship

8.1 General

The cylinder shall be produced by:

a) forginglor drop forging from a solid ingot or billet;
b) manufqcturing from seamless tube;

c) pressing from a flat plate;

d) cold wdrking or cryoforming preform.

Metal shall
corrected b

8.2 wall

During pro
thickness a

8.3 Surfj

not be added in the process of closure of the end. Manufaeturing defects shall ng
v plugging of bases (e.g. addition of metal by welding).

thickness

duction, each cylinder or semi-finished shell shall be examined for thickness. The
any point shall be not less than the minimum thickness specified.

ice imperfections

The internall and external surfaces of the finished.cylinder shall be free from imperfections which g

adversely a
evaluation,

8.4 Ultra

8.4.1 Aftd
wall thickn
and sub-sur

8.4.2
closed (wh
ultrasonic

In 4

:

'fect the safe working of the cylinder/For examples of imperfections and assistance on
Kee Annex A.

sonic examination

r completion of the-final heat treatment and cold working and after the final cylind
bss has been achievéd, each cylinder shall be ultrasonically examined for internal, extg
face imperfectioiis in accordance with Annex B.

t be

wall

ould
heir

rical

rnal

b be

ddition¢o ‘the ultrasonic examination as specified in 8.4.1, the cylindrical area t
h creates the shoulder and in case of cylinders made from tube, also the base) sha

positioned jn"the cylinder ends.

I be

y-€xamined prior to the forming process to detect any defects that after closure could be

In case of cylinders produced from tubes (provided that the thickness of the tube is unaltered), this
additional test is not required if the tube is 100 % ultrasonic tested before closure of the ends in

accordance

with Annex B.

The test shall be performed as close as possible to the open end of the shell.

The untested area shall extend to a length of not more than 40 mm from the open end of the shell.

In both 8.4.1 and 8.4.2, it is not required to perform the ultrasonic examination for small cylinders with

a cylindrical length of less than 200 mm or where the product of p, x V< 600 bar. 1 (for R

>
ma =

or p, x V<1200 bar.1 (for R, < 650 MPa).

10

650 MPa)
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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 diameters.

For cold stretch and cryoformed cylinders, higher values are acceptable provided they are validated by
the pressure cycling test and the maximum shall be specified on the approved design drawing.

8.6

Mean diameter

The mean external diameter of the cylindrical part outside the transition zones on a cross-section shall

not dleviate by more than +1 % from the nominal design diameter.

For

old stretch and cryoformed cylinders, higher values are acceptable provided they.are yalidated by

the pressure cycling test and the maximum shall be specified on the approved desigh'drawing.

8.7
The

per netre in length (see Figure 3).

For

8.8

For
per

For

proviided that they are acceptable for the intended application.

Straightness

Imaximum deviation, b, of the cylindrical part of the shell from a straight line shall not e

Verticality and stability

cold stretch and cryoformed cylindets; higher values for deviation from vertical ¢

kceed 3 mm

old stretch and cryoformed cylinders, higher values can be dsed provided that they ar¢ acceptable
for the intended application.

h cylinder designed to stand on its base, the deviation, g, from vertical shall not exdeed 10 mm
metre in length (I,) (see Figure 3). The outer.diameter of the surface in contact with te ground is
recommended to be greater than 75 % of the nominal outside diameter.

an be used

© IS0 2021 - All rights reserved
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|
[ ]
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- <

|
|
.y
G f

Key
2 maximum 0,01 x [, (see 8.8)
b maximujm 0,003 x I, (see 8.7)

Figure 3 +— Deviation of the cylindrical part of the shell from a straight line and from vertical

8.9 NecK threads

The internall neck threads shall conform to a1'ecognized standard agreed between the parties to permit
the use of ajcorresponding valve thus minimizing neck stresses following the valve torqueing operafion.
Internal ne¢k threads shall be checked.using gauges corresponding to the agreed neck thread or hy an
alternative method agreed between the parties.

EXAMPLE Where the neck thréad is specified to be in accordance with ISO 11363-1, the correspording
gauges are specified in ISO 11363>2;

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

9 Type approval procedure

9.1 GeneralTequirements

A technical specification of each new design of cylinder or cylinder family as defined in f), including
design drawing, design calculations, steel details, manufacturing process and heat treatment details,
shall be submitted by the manufacturer to the inspector. The type approval tests detailed in 9.2 shall be
carried out on each new design under the supervision of the inspector.

A cylinder shall be considered to be of a new design, compared with an existing approved design, when
at least one of the following applies:

a) itis manufactured in a different factory;

12 © IS0 2021 - All rights reserved
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it is manufactured by a different process (see 8.1); this includes the case when major process

changes are made during the production period, e.g. end forging to spinning, cha
treatment process;

nge in heat

itis manufactured from a steel of different specified chemical composition range from that defined

in 6.2;

it is given a different heat treatment beyond the limits stipulated in 6.3 and 6.4;

e) the base or the base profile has changed, e.g. concave, convex, hemispherical, or the base thickness/

f)

g)
h)

j)

If th

If th
cyliy

cylinder diameter ratio has changed;

the overall length of the cylinder has increased by more than 50 % (cylinders writ

ratio greater than 3);
Lhe nominal outside diameter has changed;

the guaranteed minimum thickness has changed;

pressure duty than that for which design approval has been given, it shall not be dee
hew design);

the guaranteed minimum yield strength, R
for the finished cylinder have changed.

cg and/er’the guaranteed minimum tensi
Ring’
b diameter of the internal thread has increased\by less than 50 % then:

n case of tapered threads, the torque testshall be performed (see 9.2.4);

e diameter of the internal thread has increased by 50 % or more, the pressure cycling
ders shall also be performed\(see 9.2.2).

In bgth cases, the new diameter’shall be reported in the revised type approval certificate.

9.2

9.2.]

A mi
desi

Prototype test

|  General@equirements

bn shall'be made available for the prototype testing. However, if for special applicatio

nu

bef of cylinders required is less than 30, see 9.4.

h a length/

Hiameter ratio less than 3 shall not be used as reference cylinders for any newcdesign with this

the hydraulic test pressure, p;, has been increased (where a cylinder is to be used for lower-

med to be a

NOTE When the test pressure has decreased, a revision gfthe type approval certificate can be needed.

le strength,

n case of parallel threads, the calculdtion of the shear strength shall be performed (seg9.2.5).

test on two

nimum+0f.30 cylinders which are guaranteed by the manufacturer to be representativ¢ of the new

ins the total

In the course of the type approval process, the inspector shall select the necessary cylinders for testing

and:

a) verify that:

— the design conforms to the requirements of Clause 7;

sections of the cylindrical part and on a longitudinal section of the base and head;

— the requirements of Clause 6 are conformed to;

selected for inspection;

© IS0 2021 - All rights reserved
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the requirements of 7.6, 7.7, 7.8, and 8.5 to 8.9 inclusive are conformed to for all cylinders
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— the internal and external surfaces of the cylinders are free of any defect which should make

m unsafe to use (for examples, see Annex A);

supervise the following tests on the cylinders selected:

representative stamp markings;

identifiable with the batch;

tests specified in 9.2.3 (base check) on the two cylinders selected for mechanical testi

ntergranular corrosion test in accordance with 10.6 for cylinders made from austenitig

duplex steels;

tests specified in 9.2.2 (pressure cycling test) on three cylinders, the'éylinders bed
resentative stamp markings;

neck threads conform to the geometrical requirements for all inspected cylinders;

tests specified in 9.2.4 or 9.2.5 on one cylinder, which is tragéable with the batch.

ssure cycling test

hall be carried out on cylinders bearing represéntative markings with a non-corrg
cting the cylinders to successive reversals at an‘upper cyclic pressure, which is equal t
st pressure, p;,. The cylinders shall withstand<12 000 cycles without failure.

the

b)
NO
— the
— an
— the
rep
— the
— the
9.2.2 Pre
This test s
liquid, subijg
hydraulic tg
For cylinde
two thirds

's with a hydraulic test pressure p;, > 450 bar, the upper cyclic pressure may be reduct
this test pressure. In this case the cylinders shall withstand 80 000 cycles without fai

f
The value OI the lower cyclic pressure shallfigt'exceed 10 % of the upper cyclic pressure but shall

an absolute
The cylindé

The freque
measured

After the te
thickness if
the usual pi
convex basq

maximum of 30 bar.

cy of the reversals ¢f'pressure shall not exceed 0,25 Hz (15 cycles/min). The temperd
n the outside surfaee of the cylinder shall not exceed 50 °C during the test.

st, the cylindér bases shall be sectioned to measure the thickness and to ensure that]
sufficientlyclose to the minimum thickness prescribed in the design and shall be w
oduction tplerances. In no case shall the actual base thickness a; (for concave base) or 4
) excegdthe minimum value(s) specified on the drawings by more than 15 %. If the sp€

type approy

ral procedure for small quantities is followed (see 9.4), the cylinder base shall be secti

after the bursSttest if the pressure cycling test and the burst test are performed on the same cylind

r shall actually experiencé the maximum and minimum cyclic pressures during the test.

the tests specified in 10.1.2 a) (hydraulic burst test) on two cylinders, the cylinders bearing

the tests specified in 10.1.2 b) (mechanical testing) on two cylinders, the test pieces being

sive
b the

ed to
lure.

have

ture

this
thin

(for
cific
bned

ET.

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

9.2.3 Base check

A meridian section shall be made in the base centre of the cylinder and one of the surfaces, thus
obtained, polished for examination under a magnification of between x5 and x10.

The cylinder shall be regarded as defective if the presence of cracks is detected. It shall also be regarded
as defective if the dimensions of any pores or inclusions present reach values considered to pose a
threat to safety.

14
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For cylinders manufactured from tube, the base section shall be etched after the initial visual
examination of the polished surface, to verify the absence of a plug. In no case shall the sound thickness
(i.e. the thickness with no imperfections) in the base centre be less than the minimum specified
thickness (see 7.4.1).

9.2.4 Torque test for taper thread only

9.2.4.1 Procedure

The body of the cylinder shall be held in such a manner as to prevent it from rotating. The cylinder shall
bef. tthavalveoray g-atrt :‘ e e t—To—=; Hres-the-masxctimanrtor e—speette 11501334’1
for the relevant material or as recommended by the manufacturer where not covered by, ISQ 13341. Ifa
necH ring is part of the cylinder design, it shall be attached to the cylinder during torqie tedt.

C— Vv O pToS, d

The parameters that shall be monitored and recorded are:
a) palve or plug material;

b) palving procedure;

c) hpplied torque;

d) fiameter of internal tapered thread at upper end.

9.2.4.2 Acceptance criteria

The cylinder neck and threads shall remain within the.gauge tolerances.
9.2.5 Shear stress calculation for parallel thireads

9.2.5.1 Procedure

The [bigger diameter of the parallel threads shall have a tight fit and a calculated shear strength of at
least 10 times the shear stress at the test pressure of the cylinder.

NOTE An example of the shear stress calculation can be found in Annex E, which is based| on US-FED-
STD-{H28/2.

The parameters that shiall be recorded are:
a) fype of thread;

b) ralculatedsshear stress level.

9.2.5.24_Acceptance criteria

The calcutated shearstrengtivshall be at teast 10 Times the shear Stress at test pressure.

9.3 Type approval certificate

If the results of the verifications and tests according to 9.2 are satisfactory, the inspector shall issue a
type approval certificate. Annex C provides an example of a type approval certificate. Other formats
with at least the same content are also acceptable.
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9.4 Specific type approval/production tests for cylinders ordered in small quantities

For cylinders ordered in small quantities, the type approval is limited to the given order. For such
orders, Clause 10 can be ignored. The inspector shall select two cylinders on each order for testing and:

a) verify that:

b) superv

10 Batch
10.1 Gene

10.1.1 Allf
cylinder mg

For the pur
— thetyp

— the cer

the

design conforms to the requirements of Clause 7;

the thicknesses of the walls and ends on two cylinders (those taken for mechanical testing)
meet the requirements of 7.3 to 7.6, the measurements being taken on at least three transverse

se

tions of the ry]inﬂrir‘:l] part and ona ]nngihlﬂinn] section ofthe hase and hnnd;

the

the
sel

the
the

ong
crif
crif

NO

cylinders.

ong
sar
str

requirements of Clause 6 are conformed to;

requirements of 7.6, 7.7, 7.8, and 8.5 to 8.9 inclusive are conformed to forfall cylin
pcted for inspection;

internal and external surfaces of the cylinders are free of any defect-which should n
m unsafe to use (for examples, see Annex A);

se the following tests:

cylinder shall be subjected to the pressure cycling test-(see procedure and accept
eriain9.2.2), thenitshall be subjected to hydraulic burstests (see procedure and accept
eriain 10.5);

[E The pressure cycling test and the hydraulic burst test can be performed on two diff

ne cylinder apply the torque test (see procedure and acceptance criteria in 9.2.4) or s
bss calculation as applicable (see procedure and acceptance criteria in 9.2.5).

tests

ral requirements

ests for checking the quality of the gas cylinder shall be carried out at the completion o
nufacture, i.e. atany stage after the heat treatment.

boses of the batch testing, the manufacturer shall provide the inspector with:
e appreval certificate;

ificates stating the cast analysis of the steel supplied for the construction of the cylindg

ders

nake

ance

ance

prent

cylinder shall be subjected to mechanical f€sts specified in 10.2, 10.3 and 10.4, and on the

hear

f the

bI'S;

— evidence that appropriate heat treatment has been performed;

— the certificates showing the ultrasonic examination results;

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

— confirmation that threads have been checked in accordance with gauging requirements. The gauges
to be used shall be specified (e.g. ISO 11363-2).

10.1.2 During the batch testing, the inspector shall undertake the following.

— Ascertain that the type approval certificate has been obtained and that the cylinders conform to it.

16
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Check whether the requirements given in Clauses 6, 7 and 8 have been met and, in particular,
check by an external and internal visual examination of the cylinders whether their construction
is satisfactory. The inspector shall verify that the requirements of 7.7, 7.8, and 8.2 to 8.9 have been
fulfilled by the manufacturer. The visual examination shall cover at least 10 % of the cylinders
submitted. However, if an unacceptable imperfection is found (as specified in Annex A), 100 % of
cylinders shall be visually inspected.

Select the necessary cylinders per batch for destructive testing and carry out the tests specified
in 10.1.2 a) (hydraulic burst tests) and 10.1.2 b) (mechanical testing). Where alternative tests are
permitted, the purchaser and the manufacturer shall agree which tests are to be carried out. Where
cold working or cryoforming causes inhomogeneity of mechanical properties within the cylinder,
sufficient sets of test pieces shall be taken in accordance with Figure 4 to prove the deJ;ign. Where
hlternative tests are permitted, the purchaser and the manufacturer shall agree on‘which tests are
Lo be carried out.

Check whether the information supplied by the manufacturer referred te/in 10.1.1 is correct.
Random checks shall be carried out.

Assess the results of the hardness testing specified in 11.3.
following tests shall be carried out on each batch of cylinders.
Dn one cylinder, one hydraulic burst test (see 10.5).

Dn a further cylinder:

— one tensile test in the longitudinal direction (sge*10.2);

— either two bend tests (see 10.3.1) in a circumferential direction, one flattening test [see 10.3.2),
or one ring flattening test (see 10.3.3): this'‘can be done on the same cylinders as those taken for
mechanical testing.;

— when necessary and when the thickhess of the cylinder permits the machining of a test piece at

least 3 mm thick, three impagttésts in the transverse or longitudinal direction as|required in
10.4;

— for cylinders made frOom" austenitic and duplex steels, an intergranular corrogion test in
accordance with 10:6:

— for cylinders made from continuously cast material, a base check in accordan¢e with the
requirements ef9.2.3 shall be carried out.

4]

. For thedacdtion of test pieces, see Figure 4.

©1S0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=9c00416be4c41cfd37f1c5f6b4bd0265

ISO 9809-4:2021(E)

Key

Bow N R

10.2 Tensjle test

bend tedt pieces or flattening ring test pieces
transveilse impact test pieces
longitudinal impact test piece (alternative positions shown dashed)

tensile test pieces

Figure 4 = Typical location of the test pieces

10.2.1 A tensile testshall be carried out on the material taken from the cylindrical part of the cylihder

by adopting either ofithe following procedures.

a)

b)

18

The redtangular specimens shall be prepared in accordance with Figure 5 and with a gauge lehgth
L, =S,mewwmm the
cylinder, shall not be machined. The minimum percentage elongation values shall be those given for
the material in ISO 9328-1, when in the same condition. The elongation values for other material
grades not covered by ISO 9328-1 shall be agreed between the cylinder manufacturer and the
relevant authority. However, the elongation after fracture (4) measured shall in no case be less
than 14 %.

The machined round specimens shall be prepared having the maximum diameter practicable, the
elongation, A, measured on a gauge length of five times the specimen diameter being no less than
those specified in 10.2.1 a) plus 2 %, but in no case less than 16 %.

It is recommended that the machined round specimens are not used for wall thickness less than
3 mm.
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10.2.2 The tensile test shall be carried out in accordance with ISO 6892-1.

NOTE

Attention is drawn to the method of measurement of elongation described in ISO 6892-1,

particularly

in cases where the tensile test piece is tapered, resulting in a point of fracture away from the middle of the gauge
length.

10.3

10.3.

10.3.
ringp with a width of 25 mm or 4 ¢, whichever is greater, into equal parts (see Figure 4). Eag

shal
strip

10.3.1.2 The test piece shall-not crack when bent inwards around the former until the ins
are fot further apart than-the diameter of the former (see Figure 6).

v < 4t
< D/8

Lo/5 Ly Lo/5

Figure 5 — Tensile test'piece

Bend test and flattening test
1 Bend test

1.1 The bend test shall be carried*out on two test pieces obtained by cutting either

be of sufficient length to permit-the bend test to be carried out correctly. Only the ed
may be machined.

one or two
h test piece
lges of each

de surfaces

Figure 6 — Illustration of the bend test

© IS0 2021 - All rights reserved
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10.3.1.3 The diameter of the former, Dy, shall be established from Table 1.

For the actual tensile strength, R, given in Table 1, D; < n x the test piece thickness, .
10.3.2 Flattening test
10.3.2.1 The flattening test shall be performed on one cylinder selected after the heat treatment.

10.3.2.2 The test cylinder shall be flattened between the wedge-shaped knife edges with a 60° included
angle, the edges being rounded to a nominal radius of 13 mm. The length of the wedges shall be not less
than the w{dth of the flattened cylinder. The longitudinal axis of the cylinder shall be at an angle of
approximately 90° to the knife edges.

10.3.2.3 The test cylinder shall be flattened until the distance between the knife edges is ikaccordpnce
with Table [l. Distance between knife edges or platens < u x t, where ¢, is the average cylinder (wall
thickness af the position of testing. The flattened cylinder shall remain visually uncfacked.

Table 1 — Bend test and flattening test requirements

Artual tensile strength, R, Bend test Flattening test
MPa n (cylinder or ring)

ua

R <440 2 6

440 <R, <520 3 6

520 <R, <600 4 6

600 <R, <700 5 7

700 <R, <800 6 8

800 <R, <900 7 9

R, >900 8 9

10.3.3 Rinlg flattening test

The ring fldttening test shall be carried out on one ring with a width of 25 mm or 4 t, whichever is
greater, taken from the cylinder-body. Only the edges of the ring may be machined. The ring shalll be
flattened bgtween the platens@ntil the distance between the platens is in accordance with Table 1] The
flattened ripg shall remain visually uncracked.

10.4 Imp4ct test

10.4.1 For[cylinders made from austenitic stainless steel, impact tests are not required. They are[only
required fof ferritic and martensitic steels.

10.4.2 Except for the requirements set out in this subclause, the test shall be carried out in accordance
with ISO 148-1.

The impact test pieces shall be taken in the direction as required in Table 2 from the wall of the cylinder.
The notch shall be perpendicular to the face of the cylinder wall (see Figure 7). For longitudinal tests,
the test piece shall be machined all over (on 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. The test pieces taken in the transverse direction shall be machined on four faces only, the outer
face of the cylinder wall unmachined and the inner face optionally machined as shown in Figure 8.
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10.4.3 Minimum acceptance values shall be as given in Table 2.

Key

1 [ransverse test piece

2 gylinder longitudinal axis

3 [harpy V-notch perpendicular to the wall
4  longitudinal test piece

Figure 7 — Description of the transverse and longitudinal impact test piece

7]

a) Test piece taken from the cylinder wall

— ||| =~
~ ~

< >

b) Front view of the test piece in the impact tester
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[

c) Top view of the test piece in the impacttester

Key

1  machinihg optional

2 strikingfnvil

3  testpiede

4  centre of strike

a  Directioh of strike.

Figure 8 — Description of the transverse impact testing
Table 2 — Impact test acceptance values

Cylinder digmeter D, mm > 140 <140
Direction offtesting transverse longitudinal
Width of tegt piece, mm 3to5 >5to 7,5 >75to010 3to10
Test temperptured, <€ -50 -50
Impact valufb, Jfcm?
— Mean oflthree test pieces 2(0) 25 A0 a0
— Individual test piece 24 28 32 48

a  For applications at lower temperatures, the test shall be carried out at the lowest temperature specified.

b The impact value (J/cm?) is calculated by dividing the impact energy (J) by the actual cross-sectional area below the
notch (cm?2) of the Charpy test specimen.

10.5 Hydraulic burst test

10.5.1 Test installation

The test equipment shall be capable of operating in accordance with the test conditions specified in
10.5.2 and of producing accurately the information specified in 10.5.3.
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A typical hydraulic burst test installation is illustrated in Figure 9.

1 2 5 I 6

/ -
P—
- 3

j

/ll\

Key
fest fluid reservoir

fank for measuring tiietest fluid (the test fluid reservoir can also be used as the measuring tank.)
bump

bressure gaugeé

bressure /tinye curve recorder

yent orair-release valve

fest'well

tvlinder

O N O Ul D W N

Figure 9 — Typical hydraulic burst test installation

10.5.2 Test conditions

As the cylinder and test equipment are being filled with water, care shall be taken to ensure that no air
is trapped in the circuit by operating the hydraulic pump until water is discharged from the vent or air-
release valve. During the test, pressurization shall be carried out in two successive stages.

a) Inthe first stage, the pressure shall be increased at a rate of not more than 5 bar/s up to a pressure
value corresponding to the initiation of plastic deformation.
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b)
until th

e cylinder bursts.

10.5.3 Interpretation of test results

10.5.3.1 Interpretation of the burst test results shall involve:

In the second stage, the pump discharge rate shall be maintained at as constant a level as is possible

a) examination of the pressure/time curve or pressure/volume-of-water-used curve, to determine
the pressure at which the plastic deformation of the cylinder commences, together with the burst
pressure;

b) examinjation of the burst tear and of the shape of its edges.

10.5.3.2 Fdr the results of a burst test to be considered satisfactory, the following requirements ghall

be met.

. 1 :

a) The obgerved yield pressure, py, shall be equal to or greater than I x the test'pressure, i.e.

> —X
py F Pn

b) The actjual burst pressure, p;, shall be equal to or greater than 1,6.¥the test pressure, i.e.

Py 21,6 py

10.5.3.3 The cylinder shall remain in one piece and shall\not fragment.

10.5.3.4 The main fracture shall be in the cylindrieal portion and shall not be brittle, i.e. the frad

edges shall

metal and in no case shall reach the neck. ForCconcave bases, the tear shall not run further thar
body at the base end and, for coriveX bases, the tear shall not reach the centre of the baske.

cylindrical

10.5.3.5 Aq
The fractur

a) Forqus

be inclined with respect to the wall. The tear shall not reveal a significant defect iy

fceptance criteria
e shall be acceptableonly if it conforms to one of the following descriptions.

nched and tempered cylinders:

lon|

itudinal, without branching (see Figure 10);

ture
the
| the

— longitudinal,with a side branching at each end which in no case extends beyond the longitudlinal

plape normal to the fracture plane (c; < D/4; see Figure 11).

b) For crypfarmed or solution-annealed cylinders:

— lon

gitudinal, without branching (see Figure 10);

— longitudinal, with a side branching at each end which in no case exceeds half the cylinder
circumference (c, < D/2; see Figure 12).

24

\m\m

Figure 10 — Acceptable burst profiles: longitudinal without branching
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Figure 11 — Acceptable burst profiles: longitudinal with side branching, c;& (1 D/4)

"y

igure 12 — Acceptable burst profiles for cryoformed or solution annealed cylindérs only:
longitudinal with side branching, c, < (r D/2)

10.6 Intergranular corrosion test
This|test is required on austenitic andduplex stainless steel grades only.
The test shall be carried out in-aceordance with ISO 3651-2.

The [test requires that the specimens be taken from a part of the cylinder that providds specimen
georhetry suitable for hend'testing, see Figure 4.

11 [Fests/examinations on every cylinder

11.1 General

Dur1ng production, the examinations specified in 8.2 and 8.4 shall be carried out on all CylillldeI'S.

Following the final heat treatment, all cylinders, except those selected for testing under Clause 10, shall
be subjected to the following tests:

— A hydraulic proof pressure test in accordance with 11.2.1 or a hydraulic volumetric expansion test
in accordance with 11.2.2. The test method requirements are given in 11.2. Additional guidance for
these test methods and equipment control (calibration and maintenance) can be found in ISO 18119.
The purchaser and the manufacturer shall agree on which of these alternatives shall be carried out.

— A hardness test in accordance with 11.3.

— Aleaktestin accordance with 11.4, if the cylinder is manufactured from tube with a closed end (e.g.
by spinning or threaded plug).

— A water capacity check in accordance with 11.5.
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11.2 Hydraulic test

11.2.1 Proof pressure test

The water pressure in the cylinder shall be increased at a controlled rate until the test pressure, p;, is
reached within a measuring tolerance of 0/+3 % or +10 bar, whichever is lower.

The cylinder shall remain under pressure, p;, for at least 30 s to establish that the pressure does not
fall and that there are no leaks. During the period that the cylinder is under test pressure, it shall be
visible (including the base) and remain dry. After the test, the cylinder shall show no visible permanent

deformation

n and no trace of moisture implying leakage.

11.2.2 Vol
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cylinders do not leak.

The following are examples of typical testing procedures:

— A pneumatic leakage test where the bottom end can be clean and free from all moisture on the test
pressure side. The inside area of the cylinder bottom surrounding the closure can be subjected
to a pressure equal to at least 2/3 times the test pressure of the cylinder for a minimum of 1 min.
This area shall not be less than 20 mm in diameter around the closure and at least 6 % of the total
bottom area. The opposite side shall be covered with water or another suitable medium and closely

examin

ed for indication of leakage.

— Alternative tests on finished cylinders (e.g. helium leak test or pneumatic leakage test).

For both the above leak testing procedures, cylinders that leak shall be rejected.
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11.5 Capacity check

The manufacturer shall verify that the water capacity conforms to the design drawing.

12 Certification

Each batch of cylinders shall be covered by a certificate signed by the inspector to the effect that the
cylinders meet the requirements of this document in all respects. A certificate can cover several batches
of cylinders. Annex D provides a typical example of a suitability worded acceptance certificate. Other
formats with at least the same content are also acceptable.

Cop:tes of the certificate shall be issued to the manufacturer. The original certificate shall pe retained
by the inspector and the copies by the manufacturer.

NOTE Regarding certificates, national regulations can contain additional or overridingirequirements.

13 Marking

EacH cylinder shall be permanently marked on the shoulder, or on a reitiforced part of the cyllinder or on
a permanently fixed collar or neck ring, in accordance with ISO 13769.

In addition, the grade of stainless steel may be stamp marked (e:g: “316L").

NOTE Regarding marking, national regulations can containadditional or overriding requiremepnts.
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Annex A
(normative)

Description and evaluation of manufacturing imperfections and
conditions for rejection of seamless steel gas cylinders at the time

of final inspection by the manufacturer

A.1 Overnview
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n be

proportionately increased to the thickness, provided that it does not adversely affect the safe
performance or integrity of the cylinder.

Where needed, the severity of a detected imperfection can be further evaluated by the use of other
devices or methods.

If unclean, the cylinder surfaces should be re-cleaned before submitting the cylinder for inspection.
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If appropriate, small imperfections, as permitted by Table A.1, can be removed by local dressing,

grinding, machining or other suitable methods. Great care shall be taken to avoid introducing new
defects or imperfections.

After such a repair, the cylinders shall be re-examined, and if the wall thickness is reduced, it shall be

rechecked and be at least at minimum guaranteed wall thickness.

A.3 Manufacturing imperfections and the procedure for their evaluation

The most commonly found safety- and performance-related manufacturing imperfections and their

des]A
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or p
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The
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process that shall be followed at the final visual inspection is given in Figure A.1.
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Figure A.1 — Flow-diagram for the final visual inspection of gas cylinders at the time of product

© IS0 2021 - All rights reserved

acceptance

29


https://standardsiso.com/api/?name=9c00416be4c41cfd37f1c5f6b4bd0265

ISO 9809-

4:2021(E)

A.4 Acceptance and rejection conditions

The following categorize the levels of imperfections and provide instructions depending on the severity
of the imperfection and regarding the disposition of the cylinders.

Level 1 imperfection

Conforming condition of a cylinder that has no adverse effects on the safe performance or integrity of
the cylinder. Cylinders with Level 1 imperfections are acceptable and do not require repair.

Level 2 imperfection

Non-confor
with Level

imperfections is to be repaired, it shall be repaired in accordance with A.2.2 and be ré-inspe

Otherwise,

the cylinders are to be treated as cylinders with Level 3 imperfections.

Level 3 imperfection

Non-confor

with Level 3 imperfections shall be rejected. Rejected cylinders with Level 34imperfections shall n
repaired anld shall be rendered unserviceable.

The cylinddrs presented to the inspector for inspection at the time of product acceptance should

been found

30

acceptable by the manufacturer and should be free of iniperfections to Levels 2 and 3.

ming condition of a cylinder with features more severe than Level 1 imperfections. Cylinders
2 imperfections shall be rejected. If it is decided that a rejected cylinder with Level 2

rted.

ming condition of a cylinder with features more severe than Level 2 inperfections. Cylinders

bt be

have
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Figure A.3 — Dent
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Figure A.4 — Dent containing cut or gouge

a) Groove, cut b) Metallic or sca pression

N\

Figure A.5 — Impression in a wall “
o)
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2 minor sharp folds

3 rounded depressions (valley)

Figure A.10 — Examples of shoulder folds

40 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9c00416be4c41cfd37f1c5f6b4bd0265

IS0 9809-4:2021(E)

-

djéﬁre A.12 — Orange peel

Figure A.13 — Chipped threads
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Figure A.14 — Pitting b:ll
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Annex B
(normative)

Ultrasonic examination

B.1_General

This| annex is based on techniques used by cylinder manufacturers. Other techniquées ot ultrasonic
examination can be used, provided that these have been demonstrated to be)suitaple for the
manufacturing method.

B.2| General requirements

The [ultrasonic examination equipment shall be capable of at least detecting the referen¢e standard
notches as described in B.3.2. It shall be serviced regularly in acc¢ordance with the manufacturer’s
opetfating instructions to ensure that its accuracy is maintained:, The inspection records and approval
certlficates for the equipment shall be maintained.

The

cert
ISO
to th
ultra

For
reso
of ex

A co|
and

B.3

B.3.

The
relat
and
cove

pance method or the pulse echo system shall be used. Either the contact or immersion

ppling method which ensures adequate transmission of ultrasonic energy between th

pperation of the ultrasonic examination equipment shalkbe by qualified and experience
fied at least to Level 1 and supervised by personnel certified at least to Level 2 in acco
D712. Other standards which meet or exceed thesé minimum requirements can be u
e approval of the inspector. The inner and outer“surfaces of any cylinder which is to b
lsonically shall be in a condition suitable for@n accurate and reproducible examination

flaw detection, the pulse echo systenryshall be used. For thickness measurement

amination shall be used.
the cylinder shall be used,

Flaw detection of the cylindrical parts

1 Procedurée

cylinderste be examined and the search unit shall go through a rotating motion and
ive to ene‘another such that a helical scan is performed on the cylinder. The velocity of
trapslation shall be constant within £#10 %. The pitch of the helix shall be less thai
red, by the probe (at least a 10 % overlap shall be guaranteed) and be related to the eff

d personnel
rdance with
sed subject
e examined

either the
techniques

b test probe

translation
‘he rotation
1 the width
bctive beam

: 1 1 b 100.0Z dndel 1 . Ll A 1 e e :
widthsuchastoensure 166 70 COVETageat tIIe VEIOTITY OT tIIe T otatioar aira tr arrstatromr ased durlng the
calibration procedure.

An alternative scanning method may be used for detection of transverse imperfections, in which the
scanning or relative movement of the probes and the work piece is longitudinal, the sweeping motion
being such as to ensure a 100 % surface coverage with approximately 10 % overlapping of the sweeps.

The cylinder wall shall be examined for longitudinal imperfections with the ultrasonic energy
transmitted in both circumferential directions and, for transverse imperfections, in both longitudinal
directions.

For concave-based cylinders where hydrogen embrittlement or stress corrosion can occur (see
ISO 11114-1), the transition region between the cylindrical part and the cylinder base shall also be
examined for transverse imperfections in the direction of the base. For the area to be considered, see
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