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Foreword

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

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting~Publication as an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 6406 wag prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcommittee SC 4, Operational
requirements|for gas cylinders.

This second gdition cancels and replaces the first edition (ISO 6406:1992), which has been technically re¢vised.
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Gas cylinders — Seamless steel gas cylinders — Periodic
inspection and testing
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B341, Transportable gas cylinders — Fitting of valves to gas cylinders

B769, Gas cylindérs — Stamp marking
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expiry of the

interval established in accordance with the requirements of the United Nations Recommendations on the
Transport of Dangerous Goods — Model Regulations or as specified by national or international authorities
(see Annex A).

Provided the cylinder has been subjected to normal conditions of use and has not been subjected to abusive
and abnormal conditions that would render the cylinder unsafe, there is no general requirement for the user to
return a gas cylinder before the contents have been used even though the periodic inspection and test interval
may have lapsed.

1) To be published. (Revision of ISO 9712:1999)
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It is the responsibility of the owner or user to submit the cylinder for periodic inspection and test within the
interval specified by national or international authorities or as specified in the relevant cylinder design standard
if this is shorter.

4 List of procedures for periodic inspections and tests

Each cylinder shall be submitted to periodic inspections and tests. The following procedures, where applicable,
form the requirements for such inspections and tests and are explained more fully in later clauses:

a) identification of cylinder and preparation for inspection and tests (Clause 5);

b) depressurization and de-valving (Clause 6);

c) external yisual inspection (Clause 7);

d) check of jnternal condition (Clause 8);

e) supplementary tests (Clause 9);

f) inspectiop of cylinder neck (Clause 10);

g) pressureltest or ultrasonic examination (Clause 11);
h) inspectioph of valve and other accessories (Clause 12);
i) replacement of cylinder parts (Clause 13);

i) cylinder repairs (Clause 14);

k) final openations (Clause 15);

I)  rejection and rendering cylinder unserviceable (Clause 16).

It is recommended that the procedures a)-ta:1) be performed in the sequence listed. In particular, the chieck of
internal condition [d)] should be carried-out’before the pressure test or before the ultrasonic examination|[g)].

Cylinders tha{f fail an inspection ortest shall be rejected (see Clause 16). Where a cylinder passes the gbove-
listed procediires but the condition of the cylinder remains in doubt, additional tests shall be performed to
confirm its suftability for contifued service (see Clause 9) or the cylinder shall be rendered unserviceablsg.

Depending o] the reasen for rejection, some cylinders may be recovered (see Annex B).

The inspectigns and-'tests shall be carried out only by persons who are competent in the subjeg¢t and
authorized under.the relevant regulations.

Mechanical properties of steel cylinders may be affected by heat exposure. Therefore, the maximum
temperature for any operation shall be limited in accordance with the manufacturer's recommendation.

5 Identification of cylinder and preparation for inspections and tests

Before any work is carried out, the relevant cylinder data and its contents and ownership shall be identified
(e.g. from the labelling and stamping, see ISO 13769). Cylinders with incorrect or illegible markings or
unknown gas contents shall be set aside for special handling.

If the contents are identified as hydrogen or other embrittling gas, only those cylinders manufactured or
qualified as hydrogen cylinders shall be used for that service. It shall be checked that the cylinder is
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compatible for hydrogen service, i.e. with respect to the maximum tensile strength and internal surface
condition. Cylinders in accordance with ISO 13769 are stamped “H”.

All other cylinders shall be withdrawn from hydrogen service and their suitability for their new, intended service
checked (see ISO 11621).

6 Depressurization and de-valving procedures

6.1 General

Cylinders to be internally inspected or tested by a pressure test are required to be depressurized and de-
valved. Cylinders not internally visually inspected and tested by ultrasonic examinationydp not require
complete depressurization and de-valving unless the ultrasonic examination indicates |there is an
unacceptable flaw present and the inspector wishes to investigate further (see 11.4)

6.2 |Cylinders requiring depressurization
Cylinders shall be depressurized and emptied in a safe, controlled manner before proceeding. Particular
attention shall be given to cylinders containing flammable, oxidizing, corresive or toxic gases to ¢liminate risks
at thelinternal inspection stage. See Annex C.
Befor¢ removing any pressure retaining accessory, e.g. valve) flange, etc., a positive chleck shall be
performed to ensure that the cylinder does not contain any gas*under pressure. This may be [performed as
descriped in Annex D using the device such as shown in Figure D.1.

Cylinders with inoperative or blocked valves shall be treated as outlined in Annex D.
Similgrly, in the case of cylinders disassembled “from bundles and not equipped with cylindgr valves, the
connegcting “T”-junctions shall also be checked.te determine whether the gas is able to pass ffeely from the
cylindgers using, for example, the device shown-in Figure D.1.

Provided the requirements previously.stated have been complied with, the cylinder shall be gepressurized
safely|and the valve shall be removed:

6.3 |Cylinders not requiring de-valving

Cylinders shall be depressufrized to below 5 bar before ultrasonic examination. For cylinders unger inspection
by thg ultrasonic method;’see 11.4.

7 Bxternalvisual inspection

7.1 |Preparation for external visual inspection

When necessary, the cylinder shall be cleaned and have all loose coatings, corrosion products, tar, oil or other
foreign matter removed from its external surface by a suitable method, e.g. by brushing, shot-blasting (under
closely controlled conditions), water jet abrasive cleaning, chemical cleaning or other suitable methods. The
method used to clean the cylinder shall be a validated, controlled process. Care shall be taken at all times to
avoid damaging the cylinder or removing excess amounts of cylinder wall (see Annex B).

If fused nylon, polyethylene or a similar coating has been applied and the coating is seen to be damaged or it

prevents proper inspection, then the coating shall be stripped. If the coating has been removed by the
application of heat, in no case shall the temperature of the cylinder have exceeded 300 °C.

© 1SO 2005 - All rights reserved 3
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7.2

Inspection procedure

The external surface of each cylinder shall then be inspected for:

dents, cuts, gouges, bulges, cracks, laminations or excessive base wear;

heat damage, torch or electric arc burns (see Table B.1);

corrosion (see Table B.2). Special attention shall be given to areas where water may be trapped. These

include the entire base area, the junction between the body and the foot-ring and the junction between

and the shroud;
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ability, if relevant (see Table B.1).

criteria, see Annex B. Cylinders no longer suitable for future (service shall be rer
(see Clause 16).

pf internal condition

Il be inspected internally in order to complete periodiciinspection and testing requirement
br examination by the ultrasonic method in lieu of the pressure test and when reference n
h 11.4.4.2.2 are used for calibration, the valve-need not be removed. Otherwise, each cy
cted internally using adequate illumination tosidentify any defects similar to those listed in

hall be taken to ensure that the method of illumination presents no risks to the tester
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pved. Any cylinder showing presence of foreign matter or signs of more than light s
Il be cleaned internally under:closely controlled conditions by shot-blasting, water jet ab
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valve removal. If any moisture is present, the cylinder shall be rendered unserviceable;

observed in the hydraulic test fluid, the cylinder shall be rendered unserviceable.

9 Supple

mentary tests

looking for contamination, e.g. rust from the water used after the hydraulic test. If rust contamination is

Where there is doubt concerning the type and/or severity of a defect found on visual inspection, additional
tests or methods of examination shall be applied, e.g. ultrasonic techniques, check weighing or other non-
destructive tests. Only when all doubts are eliminated may the cylinder be further processed (see Annex B).
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10 Inspection of cylinder neck

10.1

Cylinder-to-valve threads

When the valve is removed, the cylinder-to-valve threads shall be examined to identify the type of thread
(e.g. 25E) and to ensure that they are

— ol

ean and of full form;

— free of damage;

— f

aa-of bhieec -
o ooy

— free of cracks;
— free of other imperfections.

Cracks manifest themselves as lines that run vertically down the thread and acrdss the threa

shoul
area s

10.2

Other
(see A

10.3

Wher¢ necessary and where the manufacturer or.the competent design authority confirms that

the ne
effect

appro

104
When
inspe

any s
shall {

11 F

11.1

not be confused with tap marks (thread machining stop marks). Special attention should
t the bottom of the threads.

Other neck surfaces

surfaces of the neck shall also be examined to ensure they are free of cracks or
nnex B).

Damaged internal neck threads

ck permits, threads may be re-tapped or. the thread type changed to provide the appropri
ve threads. After re-tapping or changing the thread form, the threads shall be cheg
briate thread gauge (e.g. ISO 11191.for25E threads).

Neck ring and collar attachment
a neck ring/collar is attached, an examination shall be carried out to ensure that it is ¢
t for thread damage. A neck ring shall only be changed using an approved procedure. If i

gnificant damage to-cylinder material has occurred by replacement of the neck ring/colla
e rendered unsefviceable (see Clause 16).

ressure test or ultrasonic examination

General

] faces. They
be paid to the

other defects

the design of
ate number of
ked with the

tecure and to
t is found that
r, the cylinder

Each cylinder shall be submitted for either a pressure test or an ultrasonic examination.

WARNING — Appropriate measures shall be taken to ensure safe operation and to contain any energy
that may be released. It should be noted that pneumatic pressure tests require more precautions than
hydraulic pressure tests since, regardless of the size of the container, any error in carrying out this
test is highly likely to lead to a rupture under gas pressure. Therefore, these tests shall be carried out
only after ensuring that the safety measures satisfy the safety requirements.

Each cylinder subjected to a hydraulic pressure test shall use a suitable liquid, normally water, as the test
medium. The hydraulic pressure test may be a proof pressure test or a volumetric expansion test as
appropriate to the design specification of the cylinder. The hydraulic proof pressure test may be replaced by a
pneumatic proof pressure test. Having decided to use one particular type of test, its results shall be final. The
test pressure shall be in accordance with the stamp markings on the cylinder.
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Once a cylinder has failed one of the above-mentioned tests, none of the other test methods shall be applied
to approve the cylinder.

11.2 Proof pressure test

11.2.1 General

The following proposes a typical method for carrying out the test. Any cylinder failing to comply with the
requirements of a proof pressure test shall be rendered unserviceable.

This test requires that the pressure in the cylinder be increased gradually until the test pressure is reached. The
cylinder test dressure shall be held for at Teast 30 s with the cylinder isolated from the pressure source, during
which time there shall be no decrease in the recorded pressure or evidence of any leakage. Adequate'[safety
precautions shall be taken during the test.

11.2.2 Test gquipment

11.2.21 Il rigid pipework, flexible tubing, valves, fittings and components forming\the pressure sysfem of
the test equigment shall be designed to withstand a pressure of at least 1,5 x the ' maximum test presgure of
any cylinder that may be tested.

11.2.2.2 ressure gauges shall be of Industrial Class 1 (+ 1 % deviatioh.from the end value) with al scale
appropriate tg the test pressure (e.g. EN 837-1 or EN 837-3). They shall*be checked for accuracy against a
calibrated master gauge at regular intervals at least once a month. Jhe ‘master gauge shall be calibrgted in
accordance With national requirements. The pressure gauge shall be chosen so the test pressure is between
approximately one-third and two-thirds of the value capable of being measured on the pressure gauge.

11.2.2.3 he design and installation of the equipment,-the connection of the cylinders and the opgrating
procedures shall be such as to avoid trapping air in the system when a liquid medium is used.
11.2.2.4 Il joints within the system shall be leak-tight.

11.2.2.5 A suitable system control device shatll be fitted to the test equipment to ensure that no cylinder is
subjected to g pressure in excess of its test pressure by more than the tolerances given in 11.2.3.3.

11.2.3 Test griteria
11.2.31 More than one cylinderat a time may be tested provided that they have the same test presgure. If
individual tesf points are not-used, then in case of leakage, all cylinders being tested shall be individually
retested.

11.2.3.2 Before applying pressure, the external surface of the cylinder shall be dry.

11.2.3.3 The” pressure applied shall not be less than the test pressure and shall not exceed the test
pressure by 3| %-or 10 bar, whichever is lower.

11.2.34 On attaining the test pressure, the cylinder shall be isolated from the pump and the pressure held
for a minimum period of 30 s.

11.2.3.5 If there is a leakage in the pressure system, it shall be corrected and the cylinders retested.

11.2.4 Acceptance criteria
During the 30 s hold period, the pressure, as registered on the pressure gauge, shall remain constant.

There shall be an absence of visible leakage on the entire surface of the cylinder. This check can be made
during the 30 s hold. There shall be no visible permanent deformation.

6 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=f752af6d8d79a064d12646e1d3059557

ISO 6406:2005(E)

11.3 Hydraulic volumetric expansion test

Annex E proposes typical methods for carrying out this test and gives details for determining the volumetric
expansion of seamless steel gas cylinders by the preferred water jacket method or the non-water jacket
method. The test methods, equipment and procedure chosen shall be approved by the authorized body. The
water jacket volumetric expansion test shall be carried out on equipment with a levelling burette, with a fixed
burette, or with a weighing bowl. Care shall be taken that the entire external surface of the cylinder is wet
without the presence of any bubbles.

The permanent volumetric expansion of the cylinder expressed as a percentage of the total expansion at test
pressure shall not exceed the percentage given in the design specification after the cylinder has been held at
test pressure for a minimum period of 30 s _If this figure for permanent expansion is exceeded, the cylinder shall

be rerldered unserviceable.

11.4 [Ultrasonic examination

11.4.1 Background
The dltrasonic examination of gas cylinders as described below is based, ‘en the ultrasonic examination of

pipes |in accordance with 1SO 9305, ISO 9764 and ISO 10543. The special geometrical features of gas
cylindgers and the boundary conditions for periodic inspections have been ‘taken into account.

11.4.4 Scope

The uftrasonic examination (UE) of seamless steel gas cylinders (water capacity > 2 I) within the framework of
periodic inspections may be carried out in lieu of the tests\described in 11.2 and 11.3.

11.4.3 Requirements

11.4.3.1 General
The cylindrical part of the cylinder, the transition to the shoulder, the transition at the base and crjitical zones of
the bgse shall be examined ultrasonically with the help of an automated examination device (¢.g. Figure 1).
When| such an examination devicé:is not able to do this outside the cylindrical section, a supplementary
manugl examination shall be perfermed (see Figure 2).

Cylinders that are suspected-of fire or heat damage shall not be examined ultrasonically.

11.4.3.2 Examination equipment

The ipstallation”shall be able to scan the whole surface of the cylindrical part of the cylinder,| including the
adjacegnt transitions to the base and shoulder. An inspection system shall have a numben and type of
transducers\and different beam directions required to identify all the reference features in the cal|bration piece.
Such prvipstallation may have five or more ultrasonic transducers suitably arranged (e.g. Figure B).

Other arrangements of transducers may be possible provided that longitudinal and transverse defects can be
detected.

Any ultrasonic method (e.g. the pulse echo, guided wave) that demonstrates the ability to detect defects and

to measure wall thickness shall be used. The most common techniques used today are the contact or the
immersion type. Other techniques may be used. See Figure 4 as an example.

© 1SO 2005 - All rights reserved 7
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Key

1 UE transdycers, moving

2 ultrasonic ¢xamination equipment

3 cylinder mgvement

Figure 1 — Examples of two types of ultrasonic.examination devices for gas cylinders

(45°, L)

‘—Q:

(45°, T)

Key

longitudinal of the base shape
transverse of the base shape
manual (common practice)

automated (common practice)

Om -

Figure 2 — Defect detection in cylinder ends with foot-rings
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L1, L2 longitudinal transducers
T1, T2 transverse transducers
w wall thickness transducer

Figure 3 — Examples of the arrangement of transducers
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Figure 4 — Examples of coupling techniques
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The cylinder wall shall be examined using UE transducers capable of detecting the specified calibration
notches. The examination shall cover longitudinal defects in both circumferential directions (clockwise and
anti-clockwise) and transverse defects in both longitudinal directions (forward and backward) and consider
these defects to be located on the internal and external surfaces.

The cylinder wall shall be examined using UE transducers capable of detecting the specified minimum
guaranteed wall thickness using a normal transducer (angle of refraction 0°). The accuracy of the system shall
be +5 % or + 0,1 mm, whichever is greater. The inaccuracy shall be taken into account when verifying the
wall thickness.

The cylinders to be examined and the search unit with the transducers shall go through a rotating motion and

translation re
during calibra

The ultrasoni
calibration cy|
minimum gua|
accuracy is m

A distinction i

Key

T1 transverse

1
2
3
4
5
6
7
8

10

screen

tive to one another. The speeds of translation and rotation shall not exceed the speed

used

on.

C examination unit shall have a screen capable of depicting the various defects present
inder. The installation shall have an automatic alarm when a fault signal (defect or

aintained. See Figure 5.

h the defect detection between internal and external flaws shall be possible.

1

T

transducer

in the
below-

ranteed wall thickness) is registered that alerts the operator of each transducér.to ensure that its

calibration specimen wall

UE signal trace from calibration specimen wall
inner reference notch

UE signal trace from inner reference notch
outer reference notch

UE signal trace from outer reference notch

alarm level

Figure 5 — Flaw alarm examples
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11.4.3.3 Manual ultrasonic unit

The requirements in 11.4.3.2 shall apply as appropriate for the selection of the transducers and servicing of
the unit.

11.4.3.4 Cylinders

The external and internal surfaces of any cylinder to be examined ultrasonically shall be in a suitable condition
for an accurate and reproducible test. In particular, the external surface shall be free of corrosion, non-
adhering paint, dirt and oil. An ultrasonic examination is only meaningful when the noise signals caused by the

surface are at least 50 % below the corresponding reference signal.

11.4.3.5 Personnel

The ekamination equipment shall be operated by, and its operation supervised by, qualified an
personnel only, as defined in ISO 9712:—. The tester may be certified to 1ISO 9712:5= Level |
examination; however, the Level | operator shall be supervised by a Level |l operator. The testin
shall fretain a Level lll operator (company employee or a third party) to oversee the en
examination programme.

11.4.4 Calibration

11.4.41 General
Calibrption of the UE defect examination and wall thickness measurement shall use a calibrat
with nptches. A specimen of convenient length shall be prépared from a cylinder representative
to be tested with the same nominal diameter, wall thickness, external surface finish and materi
ic properties as the cylinder under test, e.g:.all steels. The standard reference (referen
calibration cylinder) shall have a known minimum-guaranteed wall thickness, Iy,
the cylinder under test.

11.4.4.2 Defect detection

11.4.42.1 UE notch requirements‘and dimensions

nual and automated idefect examination purposes, a minimum of four rectangular notch
as reference notches in the-calibration specimen (see Figure 6). The notches can be produ
means of electrical erogion™or sawing, or by machining. The bottom corners of the notch may be
notch¢s shall be locdated’such that there is no interference from any other defect in the refere
The fgrm and dimensions of the reference standard shall be verified. The four notches shall be a

For

riner notch'in longitudinal direction;

riner.notch in transverse direction;

| experienced
for ultrasonic
) organization
ire ultrasonic

ion specimen
bf the cylinder
al with similar
Ce cylinder or

that is less than or equal to

es is required
ced either by
rounded. The
nce standard.
5 follows:

outer notch in longitudinal direction;

outer notch in transverse direction;
with the following dimensions in each case:

length, L: 50 mm;

depth, D: for cylinders with actual tensile strength > 950 MPa or cylinders intended to contain embrittling

gases (see ISO 11114-1), depth D < (5 + 1) % actual measured wall thickness, #,, of the calibration piece
located in the sidewall at a location that does not exceed 115 % of the minimum guaranteed wall

thickness with an absolute minimum of 0,2 mm and an absolute maximum of 1 mm;

© 1SO 2005 - All rights reserved
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— depth, D: for cylinders with actual tensile strength <950 MPa and not intended to contain embrittling
gases, depth D <10 % of actual measured wall thickness, ¢,, of the calibration piece located in the
sidewall at a location that does not exceed 115 % of the minimum guaranteed wall thickness with an
absolute minimum of 0,2 mm and an absolute maximum of 1 mm;

— width, W: <2 D.

W o
Q ~
X 2,
L
W o
Q w
1

2
7

1 outer notcH
2 inner notch
L length of nptches: 50 mm

D depth of the notches: < (5 #1)% Iq OF < 10 % ¢,
W width of thg¢ notches: < 2D

., actual megsured wallthickness

Figure 6 — Examples of reference notches
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When a 10 % sidewall notch criterion is used, a fifth inner transverse transition notch is required to examine
the sidewall-to-base transition (SBT) region. The fifth notch shall have the same dimensions of width and
length as the previously described four notches with the notch depth (10 £ 1) % of minimum calculated wall
thickness (see Figure 7).

Key

N
QO

NOTE

bproximate notch location

Notch depth (10 + 1) % of minimum calculated wall thickness ...

Figure 7 — Sidewall-to-base transition (SBT) region

11.4.4.2.2 Internal inspection notch requirements

When

using ultrasonic examinationtfor- internal inspection, one of the following calibration re

group|ngs shall be required:

|
o

% internal longitudinaland transverse reference notches with dimensions as previously sp
qur notches. When_ &his” notch criterion is selected as part of commissioning the syste
bnfirmed on oneCiypical specimen that the system is capable of detecting a (10 + 1)
see Figure 7); 0r

O =

-~

D % internal‘longitudinal and transverse reference notches with dimensions as previously
Re fourotches, a fifth SBT notch (see Figure 7) with previously specified dimensions, as
pttom ‘hole (FBH) with a depth of 1/3 minimum guaranteed wall thickness and a diamete

o =

erence notch

ecified for the
m, it shall be
© SBT notch

specified for
well as a flat
r less than or

fual to x 2 minimum guaranteed wall thickness (see Figure 8).

(]
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%
%
E
i

Y,

Key
1 FBH

Figure 8 — Typical flat bottom hole (FBH) notch

11.4.4.2.3 (alibration procedures

During the cqlibration procedure, the ultrasonic examination_equipment shall be adjusted in such a wgy that
the amplitude|of the echoes from the reference notches equals the alarm level (e.g. Figure 9). This alarm level
shall be set o at least 50 % of the screen height. On, automated systems, this step shall be perfprmed
dynamically. This sensitivity is the reference sensitivity.

Key

1 alarm level
2  signal of reference notch

Figure 9 — Reference notch amplitude

For screening gas cylinders that previously have not been ultrasonically examined and that contain embrittling
gases (see I1SO 11114-1), the ultrasonic sensitivity may be increased by 6 dB provided the system is first
calibrated against the reference feature used for the acceptance criteria to establish the basic sensitivity
(e.g. Figure 10). Cylinders failing this screening examination shall require further investigation or shall be
rendered unserviceable.
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4 N
o 2
=)
=}
+
1L
. /
Key
1 alarm level
2 signal of adjusted reference notch
Figure 10 — Screening test amplitude
11.4.4.3 Wall thickness
To calibrate the manual and automated wall thickness measurementfa local thin area (LTA) w
equal|to at least x 2 the effective beam width at the point of entrance on the calibration spec
used, the exact wall thickness being known.
The minimum guaranteed wall thickness of the gas cylinder-known from the type approval is se
level ip the evaluation unit of the ultrasonic wall thickness:measuring device.
11.4.4.4 Frequency of calibration
The WE equipment shall be calibrated at least at the beginning and at the end of each ¢
regardless of length, and when any timing.equipment is changed (e.g. change of transducer). Ca
also be undertaken at the end of operations'that are of a duration less than that of a normal shift]

recali

11.4.3 Performing the examination

11.4.5

calibration,
subs%}uently to the last acceptable calibration must be re-examined after the equipme

the presence of the respective reference notch is not detected, all cylindg

rated.

.1 Defect detection in cylindrical section by automated installation

Vlindrical section of the cylinder and the transitions to the shoulder and to the base shall be

dinal and transverse defects using an automatic examination device.

th a diameter
men shall be

as the alarm

perator shift,
libration shall
If, during the
rs examined
nt has been

examined for

the scanning

system provides 100 % coverage of the surface being examined. When applicable, e.g. a helix-based system,
at least 10 % overlap shall be guaranteed. Figure 7 shows notch placement for examination of an SBT.

11.4.5.2 Defect detection in cylinder ends for cylinders with foot-rings

In the case of cylinders with foot-rings, the critical area in the transition zone shall be checked taking into
account the accessibility of the test surface and the roughness of the external surface (see Figure 2).

11.4.5.3 Wall thickness measurement by automated installation

The cylindrical section shall be examined 100 % for wall thinning.

© 1SO 2005 - All rights reserved
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11.4.5.4 Base thickness measurements by manual testing

Only for cylinders with convex bases (see Figure 11), the thickness of the base at the centre shall be
measured manually with a normal ultrasonic transducer if UE has not already been performed using automatic
devices. This measurement shall be greater than or equal to the minimum guaranteed sidewall thickness for
shapes A and B in Figure 11 and greater than or equal to x 1,5 the minimum guaranteed sidewall thickness
for shapes C and D.

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:

b>1,5 1 40r 0,40 H/D > 0.20

b > t, for|H/D > 0,40

11.4.6 Interpretation of results

Gas cylinders
defect signal
above the

(e.g. Figure 1

e

q

11.4.7 Records

examined to the examination sensitivity in accordance with 11.4.4.2 ‘and 11.4.4.3 whe
Aabove the alarm level has been recorded have passed the examination! Where a defect
larm level (defect or below minimum guaranteed wall thickfiess) has been req
P), the cylinder shall be re-evaluated in accordance with Annex B or Scrapped.

bre no
signal
orded

In addition to the required records as specified in 15.7, the following-information shall be recorded:

a) identification of ultrasonic equipment used;

b) serial number or unique identification of the calibration cylinder used;

c) ultrasoni¢ examination symbol;

d) results of examination. If subsequent evaluation in accordance with 11.4.6 and Annex B requalify the
cylinder, [he basis of requalification shallbe recorded.

12 Inspection of valve and-other accessories

If a valve or gny other accessory is to be reintroduced into service, it shall be inspected and maintained to

ensure that i{ will performi\satisfactorily in service and meet the requirements of gas tightness from| valve

manufacturing standards,'see, e.g. ISO 10297. An example of a suitable method is given in Annex F.

13 Replac

pment of cylinder parts

Replacement of foot-rings and neck-rings or the grinding of cuts and other imperfections may be carried out.
All operations involving the application of heat shall conform to the heat limits given in 15.1. All corrosion
products shall be removed prior to repair.

NOTE

When a neck-ring and/or foot-ring is replaced, the empty weight of the cylinder may change.

14 Cylinder repairs

Any operation that could result in loss of wall thickness to below minimum guaranteed wall thickness shall be
completed before the inspection and testing procedure (see Annex B).

16
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1 cylindrical section

Figure 11 — Convex base ends
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Key

T2 transverse|transducer
screen
cylinder wgl
UE signal from cylinder wall

crack on internal surface

UE signal from crack

region of s{gnals from cracks on internal surface

region of s{gnals from cracks on external surface

0 N b~ ON -

alarm leve

Figure 12 — Example of detection of crack in transverse direction

15 Final operations

15.1 Drying, cleaning and painting

15.1.1 Drying and cleaning
The interior of each cylinder shall be thordughly dried by a suitable method, at a temperature not excgeding

300 °C, immediately after hydraulic pressure testing, so that there is no trace of free water. The interior|of the
cylinder shall be inspected to ensure-that'it is dry and free from other contaminants.

15.1.2 Painting and coating

Cylinders are|sometimes.r&painted using paints that require stoving. Plastic coatings may also be re-applied.
Paint or coating shall be applied in such a way that markings stamped on the cylinder remain legible.

In no case shall the temperature of the cylinder exceed 300 °C since overheating could chande the
mechanical properties of the cylinder.

15.2 Re-valving of the cylinder

Before re-valving the cylinder, the thread type shall be identified. The appropriate valve shall be fitted in
accordance with ISO 13341.

15.3 Check on cylinder tare

This requirement shall apply only to cylinders for liquefied gases. However, it may be applied to any cylinder
when there is doubt. The tare of the cylinders shall be obtained by weighing on a scale calibrated with
traceability to national or international standards. The weighing scale shall be checked for accuracy on a daily
basis. The capacity of the weighing scale shall be suitable for the tare of the appropriate cylinders.
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The tare is the sum of the empty weight plus the mass of any coating (e.g. paint) used in service, the mass of
the valve including dip tube where fitted, any fixed valve guard and the mass of all other parts that are
permanently attached (e.g. by clamping or bolting) to the cylinder when presented for filling. If the tare of the
cylinder differs from the stamped tare by more than the value shown in Table 1 and this is not due to reasons of
damage, the original tare shall be cancelled. The new correct tare shall be marked in a durable and legible
fashion (see ISO 13769). The empty shell weight shall not be altered.

Table 1 — Permissible deviation in tare

Cylinder water capacity, Maximum permissible deviation in tare
S S N A
05<¥V<50 +50
50<7V <20 +200
V>20 1400

15.4 Retest marking

15.4.1 General

After gatisfactory completion of the periodic inspection and tests, each cylinder shall be permanently marked
accorgling to the relevant standard or regulation, e.g. ISO 13769; with

a) the stamp or identification of the authorized inspectionbody or test station, followed by

b) the date of testing.

15.4.2 Retester symbol and retest date

The retester symbol is the symbol of .the”inspection body or test station. The retest date is the date of the
current test, which shall be indicated by the year and month.

15.4.3 Stamping

Thesq marks shall be in-aceordance with the relevant standard or regulation, e.g. ISO 13769.

15.5 [Reference tonext inspection and test date

In acgordance-with the relevant regulations of an authorized body and when regulations require, the next
inspegtionr and test date may be shown by an appropriate method such as by a disc fitted between the valve
and the“eylinder indicating the date (year and month) of the next periodic inspection and/or tgsts. Annex G
prOVi S—one CAGIIIV:U ofan c/\;ot;llg OyOtUIII for ;Ild;bat;lly retest-dates—othet OyotUIIID are—ir use, and the

same systems are used with different colours for the same year.

15.6 Identification of contents

Before the cylinder is re-introduced into service, the intended contents shall be identified. This need not be
part of the periodic inspection and test procedure. As an example, use ISO 7225 for labelling and ISO 32 for
colour coding. If painting is required, care shall be exercised in accordance with 15.1.2. If a change of gas
service is involved, care shall be taken to follow the requirements of ISO 11621.
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15.7 Records

A cylinder periodic inspection and test shall be recorded by test station personnel, and the

information shall be available for inspection:

a) owner's name;

b) manufacturer's or owner's serial number;

c) cylinder mass (empty weight), or tare, where applicable;

d) typeofin

spection and test performed;

following

e) testpres
f) result of i
g) current re
h) identifica
i) identifica
j)  details off

Additionally,

sure (if applicable);

hspection and test (pass or fail); in case of failure, the reasons should be recorded;
test date — year/month/day;

ion symbol of the retest body or the test station;

ion of retester;

any cylinder repairs made to defects as described in Annex®.

necessarily bé kept on a single file, but will enable a particular cylinder to be uniquely traced. These item

k) cylinder
I)  manufact

m) manufacf

hanufacturer's name;
urer's serial number;

uring design specification;

n) water caTacity/size;

0) manufac

16 Rejecti

The decision
If it is imposq
cylinder unse|
especially thd
implication of

uring test date.

pn and rendering’cylinder unserviceable

fo reject a cylinder may be taken at any stage during the periodic inspection and test proc
ible to recover a rejected cylinder, after notifying the owner the testing station shall ma
rviceable for holding gas under pressure so that it is impossible for any part of the cy
shoulder, to be re-issued into service. In case of any disagreement, ensure that thg
the contemplated action is fully understood.

t shall be possible to obtain the following items of information from records, which neg¢d not

S are:

pdure.
e the
inder,
legal

Prior to taking any of the following actions, ensure the cylinder is empty (see Clause 6).

The following

a) crushing

methods may be used:

the cylinder by mechanical means;

b) burning an irregular hole in the top dome equivalent in area to approximately 10 % of the area of the top

dome or,

in the case of a thin-walled cylinder, by piercing in at least three places;

c) irregular cutting of the neck;

d) irregular cutting of the cylinder in two or more pieces including the shoulder;

e) bursting using a safe method.

20
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Annex A
(informative)

Periodic inspection and test periods

The following information includes intervals as outlined in the United Nations Recommendations for the
Transport of Dangerous Goods, Model Regulations, 13t edition. The most current edition should be consulted.

Table A.1 — Intervals for periodic inspections and tests

UN recommended’period
Description Gas type (examples)
years
Ar, N,, He, etc. 10
H, 2 10
Air, O, 10
Compressed gases
Self-contained breathing air, O,, etc. b
Gases for underwater breathing apparatus b
Coc¢ 5

Liquefied gases Refrigerants, CO, 10

Corrosive gases d 5

Toxic gases that are

non-cc?rrosive SO2F2 5

:

5 years or 10 years accordirjg to
dangerous properties.

Gas mixtures All mixtures Generally, mixtures that are [toxic
or corrosive have a 5-year interval,
and other mixtures have a 1p-year
interval.

NOTE 1 These test periods may be used provided the dryness of the product and that of the filled cylinder are
such that'there is no free water. This condition shall be proven and documented within a quality system of the filler. If
these_conditions cannot be fulfilled, alternative or more frequent testing may be appropriate.

NOTE' 2 At all times, certain requirements may necessitate a shorter time interval, e.g. the dew point of the gas,
polymerization reactions and decomposition reactions, cylinder design specifications, change of gas service, et¢.

@  Particular attention shall be paid to the tensile strength and surface condition of such cylinders. Cylinders not in
conformance with the special hydrogen requirements shall be withdrawn from hydrogen service. See 1ISO 11621 for
possible additional testing.

b Local regulations will specify interval of periodic inspections and test.

€ This product requires very dry gas. See ISO 11114-1.

d Corrosivity is with reference to human tissue (see ISO 13338) and NOT cylinder material as indicated in Annex C.
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Annex B
(normative)

Description, evaluation of defects and conditions for rejection of
seamless steel gas cylinders at the time of visual inspection

B.1 Gener

Gas cylinder
conditions to

The object o

rejection critefi

This annex a
require modif

Any defect in
After such ar

al

defects may be physical, material or due to corrosion as a result of environmentahor s
which the cylinder has been subjected during its life.

a.

bplies to all cylinders, but those that have contained gases havingcspéecial characteristic
ed controls.

the form of a sharp notch may be removed by grinding, machining or other approved me|
bpair, the wall thickness shall be checked, e.g. ultrasonically.

B.2 Physigal or material defects

Evaluation of

physical or material defects shall be in accordance with Table B.1.

Permanent attachments (e.g. foot-rings or shrouds) shall be inspected and shall be suitable for their int

purposes.

B.3 Corrosion

B.3.1 Gene
The cylinder 1
Internal corro

There is diffig
their service d

ral
hay be subjectedi\te’environmental conditions that could cause external corrosion of the me
sion of the-métal may also occur owing to service conditions.

ulty inspresenting definite rejection limits in tabular form for all sizes and types of cylinde
onditions. The limits of rejection are usually established following considerable field experic

ervice

this annex is to give general guidelines to gas cylinder inspectors as to\the applicafion of

5 may

thods.

ended

tal.

s and
bnce.

Extensive experience and judgment are required in evaluating whether cylinders that have corroded internally
are safe and suitable for return to service. It is important that the surface of the metal is cleaned of corrosion
products prior to the inspection of the cylinder.

B.3.2 Types of corrosion

The types of corrosion generally may be classified as in Table B.2.

22
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Table B.1 — Rejection limits relating to physical and material defects in the cylinder shell

Rejection limits in accordance

Repair or render

Type of Defect Definition with Clause 7 @ unserviceable
Bulge Visible swelling of the cylinder All cylinders with such a defect Render unserviceable
o . . When the depth of the dent
A depression in the cylinder which | exceeds 3 % of the external Render unserviceable
has neither penetrated nor diameter of the cylinder
Dent removed metal and is greater in OR
depth than 1 % of the external
diameter When the dlameter of the dent is Render unserviceable
less than x 15 its depth
When the depth of the cut or gouge . .
exceeds 10 % of the wall thickness Repair possile
OR
A sharp impression where metal o
has been removed or redistributed :/r\]/hen tthri I(Tr:jgtrr;e)t(c?e?tsh% Yo of Rebair possitle b
Cut of gouge and whose depth exceeds 5 % of ?. e; ernal diameter of the pair p
the cylinder wall thickness (see cylinder
Figure B.1) OR
When the wall thickness isiless
than the minimum guaranteed wall | Render unsejviceable
thickness
Cracki A.Sp“t or rift in the metal (see All cylinders with such defects Render unsefviceable
Figure B.2)
Excessive general or localized
heating of a cylinder usually
indicated by: All cylinders in categories a) and b) | Render unsefviceable
a) partial melting of the cylinder
Fire damage b) distortion of cylinder Cylinders in categories c¢) and d) Repair possiljle. In case of
c) charring or burning of paint may be acceptable after inspection |doubt, render
d) fire damage to valve, melting of and testing unserviceablg.
plastic guard or date ring‘or/fusible
plug if fitted
o . ' . All cylinders unless it can be clearly
Elug gr neck Ad.d'tlonal insefts\itfed in the established that addition is part of | Repair possiljle
insert$ cylinder neck, base or wall .
approved design
Stamping Marking-by means of a metal AII.cyllnders with .|Ileg|ble, modified Render unselviceable ©
punch or incorrect markings
Partial’'melting of the cylinder, the
Arc off torch Rpidition of weld metal or Fhe All cylinders with such defects Render unseiviceable
burns removal of metal by scarfing or
cratering
Suspiticus Marks introduced other than by the Continued usk possible
pIF cylinder manufacturing process and | All cylinders with such defects o P ;
marks after-additienal inspection

approved repair

Vertical stability

Deviation from verticality which
may present a risk during service
(especially if fitted with foot-ring)

Repair or render

unserviceable

a

When applying the rejection criteria given in this table, the conditions of use of the cylinders, the severity of the defect and safety

factors in the design shall be taken into consideration.

b

Repair is possible provided that after repair by a suitable metal removal technique, the remaining wall thickness is at least equal to

the minimum guaranteed wall thickness.

C

If it can be clearly established that the cylinder fully complies with the appropriate specifications, altered operational and modified

markings may be acceptable and inadequate markings may be corrected, provided there is no possibility of confusion.
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Table B.2 — Rejection criteria for corrosion of the cylinder wall

Type of corrosion

Definition

Rejection limits in accordance
with Clause 7 @

Repair or render
unserviceable

General corrosion

Loss of wall thickness over an
area of more than 20 % of
either the interior or exterior
total surface area of the
cylinder (see Figure B.3)

If the original surface of the metal is no

longer recognizable
OR

If the depth of penetration exceeds
10 % of the original thickness of wall

OR

Repair possible P

Repair possible P

If the wall thickness is less than
minimum guaranteed wall thickness

Render unserviteable

Local corrosion

Loss of wall thickness over an
area of less than 20 % of
either the interior or exterior
total surface area of the
cylinder, except for the other
types of local corrosion
described below.

If the depth of penetration exceeds
20 % of the original thickness of the
cylinder wall

OR

If the wall thickness is less than
minimum guaranteed thickness ©

Repair-possible P

Render unserviceaple

Chain pitting or line
corrosion

Corrosion forming a narrow
longitudinal or circumferential
line or strip, or isolated craters
or pits which are almost
connected (see Figure B.4)

If a total length of corrosion in‘ahy
direction exceeds the diameter of the
cylinder and the depth exceeds 10 %
of the original wall thickness ©

OR

If the wall thickness is less than
minimum guaranteed thickness °©

Repair possible 94

Render unserviceaple

Isolated pits

Corrosion forming isolated
craters, without significant
alignment (see Figure B:5)

If the diameter of the pits is greater
than*-mm, refer to the “local
corresion” row.

If the diameter of the pits is less than
5 mm, the cylinder should be
assessed as carefully as possible in
order to check that the remaining
thickness of the wall or base is
adequate for the intended use of the
cylinder.

See above

Repair possible P

Crevice corrosion

Corrosion,associated with
takingplace in, or immediately
around, an aperture

If, after thorough cleaning, the depth of

penetration exceeds 20 % of the
original wall thickness

Repair possible ¢

scrapped.

b After repair

@  |f the bottorn of the defeet cannot be seen and if its extent cannot be determined using appropriate equipment, the cylinder ghall be

a’'cylinder shall follow the requirements given in Clauses 7, 8, and 9.

d

€ If corrosion has reached limits of depth or extent, the remaining wall thickness should be checked with an ultrasonic device. The
wall thickness may be less than the minimum guaranteed wall thickness, e.g. small (depth and extent) isolated pits (see Figure B.5),
where authorized by the relevant regulations taking into consideration the severity of the defect and safety factors.

Repair is possible provided that after repair by a suitable metal removal technique, the remaining wall thickness is at least equal to
the minimum guaranteed wall thickness.

24
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.

Figure B.3 — General corrosion
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Figure B.4 — Channel (line) corrosion

O
Fk§r(§8’.5 — Isolated pits
Og)<>
%\%
O
Qv
D
R
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List of gases corrosive to cylinder material

Table C.1 — Gases corrosive to cylinder material

Gas name Chemical formula UN class or division Subsidiary risk
Boron trichloride BCl, 23 8
Boron trifluoride BF, 23 8
Chlorine Cl, 2.3 8
Dichlorosilane SiH,Cl, 2.3 21,8
Fluorine Fy 2.3 51,8
Hydrogen bromide HBr 2.3 8
Hydrogen chloride HCI 2.3 8
Hydrogen cyanide HCN 6.1 3
Hydrogen fluoride HF 8 6.1
Hydrogen iodide HI 2.3 8
Methylbromide CH,Br (R40B1) 2.3
Nitric oxide NO 2.3 51,8
Nitrogen dioxide N,Oy 2.3 51,8
Phosgene EOCl, 2.3 8
Silicon tetrachloride SiCl, 8
Silicon tetrafluoride SiF, 23 8
Sulfur tetrafluoride SF, 2.3 8
Trichlorosilane SiHCl, 4.3 3,8
Tungsten hexaflucride WFg 2.3 8
Vinyl bromide C,H3Br (R1140B1) 21
Vinyl chleride C,H5CI (R1140) 21
Vinyl fluoride C,H5F (R1141) 21
NOTE 1 These gases in a pure form are recognized to be potentially corrosive to low alloy steels. See Tables 4,

NOTE 2

6, 8,9, 10 and 11 of ISO 11114-1:1997.

Mixtures containing these gases may not be corrosive.
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Annex D
(normative)

Procedure to be adopted when de-valving and/or when it is suspected

D.1 Chec

The following
cylinders, thi
personnel sh
any, has bee
case of lique
removed afte

As indicated i
unobstructed.
provides equi

— by introd
checking

— by using

— for a cyli
the tare g
gas undsg
under pr¢

— for a val
specific 3
methods

D.2 Valve

Only when it
removed. Per]

that a cylinder valve is obstructed

procedures shall be carried out only by trained personnel. In view of the potential hazs

operation can lead to injury from stored energy release, fire and toxic hazards;
Il take such precautions as deemed necessary for the work to be performed.c\When the
h released and the pressure within the cylinder reduced to atmospheric pressure, and,
fied gases, when there is no frost or dew on the outside of the cylinder;”the valve m
an additional check is made to establish that there is free passage through the valve.

h Clause 6, a systematic check shall be made to establish that the(assage through the v
The method adopted shall be a recognized procedure such as‘one of the following or or
Valent safeguards:

ucing a gas, non-reactive to the gas stored in the cylinder, at a pressure up to 5 bé
its discharge;

the device shown in Figure D.1 to hand-pump airlinto the cylinder;

nder of liquefied gas, first check to establish that the total weight of the cylinder is the sa
tamped on the cylinder. If there is a positive difference, the cylinder may contain either lig
r pressure or contaminants. Lack of a(positive difference does not rule out the presence off
ssure;

ve incorporating a residual-pressure device (e.g. see ISO 15996), the operator shall

dapter to release the remaining pressure and verify the absence of pressure using one
described previously.

unobstructed

is established that there is no obstruction to gas flow in the cylinder valve, may the va
sonal protection during de-valving shall be assessed.

rds in
ence,
gas, if
in the
ay be

alve is
e that

r and

me as

uefied
a gas

use a
of the

ve be

D.3 Valve obstructed

The following methods are applicable for cylinders of non-toxic, non-flammable and non-chlorofluorocarbon
(non-CFC) gases. Appropriate safety precautions should be taken to ensure that no hazard results from the
uncontrolled discharge of any residual gas. When a cylinder is found to have an obstructed gas passage in
the valve, the cylinder shall be set aside and handled by specially trained personnel in this task as follows:

— by sawing or drilling the valve body until interception is made with the gas passage between the valve
body stem and valve spindle seat. The operation shall be properly cooled particularly when handling

oxidizing

gases; or

— by loosening or piercing the pressure relief device in a controlled manner.

28
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The following methods are applicable to cylinders of toxic, flammable, air reactive, water reactive, oxidizing
and CFC gases. After release, containment and subsequent disposal shall be carried out safely and without

impact to the environment:

— partially unscrew the valve within a glanded cap, secured and joined to the cylinder and vented to a safe
discharge point. The principles of a suitable device are illustrated in Figure D.2. This procedure shall be

performed in a controlled manner in such a way as to avoid personal injury; or

— mechanically remove the valve in an enclosed, automatic device that will contain the release of gas and

release of energy; or

th linderi 1ol itabla t tain th | f drel f
ace-thecylinderinacontainersuitable to containthe release of gas-and release of energy and crush or

p
phincture the cylinder to release the material and pressure.

Dimension

s in millimetres

Key

1 rubber tube-(internal diameter 8 mm, external diameter 13 mm) ground to olive shape and bonded
2 tube (internal diameter 3 mm, external diameter 8 mm)

3  rubbenbulb

N~ [ 7

[V

Bonded.

Hand pressure.

o

Figure D.1 — Typical device for detecting obstructed cylinder valve
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Key

drive for dg-valving.machine
gas-tight gland

gas-tight séat

cylinder frame and clamping device
pressure gauge

vent valve

D b~ WN -

a8  Direction of rotation.

o

To gas disposal system.

NOTE Operate remotely using de-valving machine.

Figure D.2 — Typical device for the removal of a damaged gas cylinder valve
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Annex E
(informative)

Volumetric expansion testing of gas cylinders

E.1 General

406:2005(E)

This 3

—

\

— th

The W

nnex gives details of the three methods for determining the volumetric expansion of steel-g
yo water jacket methods (preferred method);
e non-water jacket method.

ater jacket volumetric expansion test shall be carried out on equipment\with a levelling &

fixed burette or with a weighing scale that contains water.

E.2

The fd

|
e li=3

|
[oy o) o s = 0 Q

|
(ORI

|
[V e

lest equipment

llowing general requirements shall apply to all three metheods of test:

ressure of any cylinder that may be tested;

ass burette at the maximum recorded pressure shall be of sufficient length to contain the
kpansion of the cylinder and shall havebotes of uniform diameter such that the expansio
an accuracy of 1 %, or 0,1 ml, whicheéver is greater;

eighing scales shall be capable of providing total expansion measurements to an accura
1 g, whichever is greater;

ressure gauges shall be\of the Industrial Class 1 with a scale appropriate to the test press
b calibrated at regular-intervals and at least once per month;

suitable system control device shall be used to ensure that no cylinder is subjected to
kcess of its testpressure +go//‘: or 10 bar, whichever is less;

pework:should utilize long bends in preference to elbow fittings, and pressure pipes shou
5 possible; flexible tubing shall be capable of withstanding 1,5 x the maximum test pr
Naipment;

as cylinders:

urette, with a

ydraulic test pressure pipelines shall be capable of withstanding a pressure x 1,5 the maximum test

full volumetric
h can be read

cy of +1 % or

lre; they shall

a pressure in

d be as short
essure in the

— all joints shall be leak tight;

— when installing equipment, care shall be taken to avoid trapping of air in the system.

E.3 Water jacket volumetric expansion test

E.3.1

General

This method of test necessitates enclosing the water-filled cylinder in a jacket that is also filled with water. The
total and any permanent volumetric expansion of the cylinder are measured as to the amount of water
displaced by the expansion of the cylinder when under pressure and after the pressure is released. The
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permanent expansion is calculated as a percentage of the total expansion. The water jacket shall be fitted with
a safety device capable of releasing the energy from any cylinder that may burst at test pressure.

An air-bleed valve should be fitted to the highest point of the jacket.

Two methods for performing this test are described in E.3.2 and E.3.3. Other, equivalent methods are
acceptable provided they are capable of measuring the total and, if any, permanent volumetric expansion of

the cylinder.

E.3.2 Water jacket volumetric expansion test — Levelling burette method

The equipme tshoutd-beinstattedas—showrmin Figwc B
2 3 1
w/ g 4
u = 5
6
7 8
><——+
3 N °
10 '
SITR:
g~ 1k
12
- @
15 L 16
D<—
Key
1 overflow 9 jacket filling valve
2 calibrated burette'sliding in fixed frame 10 position when pressure is released; reading = permanent expgnsion
3 fixed framdg 11 position at test pressure; reading = total expansion
4  water supply 12 position before pressurization
5 water and eye level 13 air-bleed valve
6 pointer attached to fixed frame at water level 14 pump
7  hydraulic line valve 15 relief device
8 priming valve 16 drain

Figure E.1 — Water jacket volumetric expansion test (levelling burette method)
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