
Gas cylinders — Compatibility of 
cylinder and valve materials with gas 
contents —
Part 6: 
Oxygen pressure surge testing
Bouteilles à gaz — Compatibilité des matériaux des bouteilles et des 
robinets avec les contenus gazeux —
Partie 6: Essai de compression adiabatique à l’oxygène

INTERNATIONAL 
STANDARD

ISO 
11114-6

First edition 
2022-08

Reference number 
ISO 11114-6:2022(E)

© ISO 2022

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 11

11
4-6

:20
22

https://standardsiso.com/api/?name=3bce4d6254ebb7f0015fee4ec5412c6c


ii

ISO 11114-6:2022(E)

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2022
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on 
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below 
or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

	 ﻿� © ISO 2022 – All rights reserved
�

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 11

11
4-6

:20
22

https://www.iso.org
https://standardsiso.com/api/?name=3bce4d6254ebb7f0015fee4ec5412c6c


ISO 11114-6:2022(E)

Foreword.........................................................................................................................................................................................................................................iv
Introduction..................................................................................................................................................................................................................................v
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references...................................................................................................................................................................................... 1
3	 Terms and definitions..................................................................................................................................................................................... 1
4	 Test installation..................................................................................................................................................................................................... 2

4.1	 Test gas........................................................................................................................................................................................................... 2
4.1.1	 Test gas specification...................................................................................................................................................... 2
4.1.2	 Temperature of test gas................................................................................................................................................ 2

4.2	 Condition of test sample.................................................................................................................................................................. 2
4.3	 Surge tube (cannon)............................................................................................................................................................................ 2

5	 Design of the test facility.............................................................................................................................................................................. 3
5.1	 General............................................................................................................................................................................................................ 3
5.2	 Intermediate connector on the test sample side....................................................................................................... 5
5.3	 Pressure measurement devices............................................................................................................................................... 5
5.4	 Temperature gauge.............................................................................................................................................................................. 5
5.5	 Pressure rise time verification................................................................................................................................................. 5

6	 Test procedure........................................................................................................................................................................................................ 6
6.1	 Samples.......................................................................................................................................................................................................... 6
6.2	 Pressure......................................................................................................................................................................................................... 6
6.3	 Temperature(s)........................................................................................................................................................................................ 7
6.4	 Visual examination.............................................................................................................................................................................. 7

7	 Validity of the test................................................................................................................................................................................................ 7
8	 Pass/fail criteria for the test sample............................................................................................................................................... 7
9	 Test report................................................................................................................................................................................................................... 7
Annex A (informative) Oxygen pressure surge testing of accessories............................................................................. 9
Bibliography..............................................................................................................................................................................................................................10

iii© ISO 2022 – All rights reserved	 ﻿

Contents� Page

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 11

11
4-6

:20
22

https://standardsiso.com/api/?name=3bce4d6254ebb7f0015fee4ec5412c6c


ISO 11114-6:2022(E)

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.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO’s adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee, ISO/TC 58, Gas cylinders, in collaboration with 
the European Committee for Standardization (CEN) Technical Committee CEN/TC 23, Transportable gas 
cylinders, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna 
Agreement).

A list of all parts in the ISO 11114 series can be found on the ISO website.

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

Oxygen pressure surge testing has been required by a number of different product standards covering:

—	 valves used for gas cylinders, tubes, pressure drums and cylinder bundles;

—	 residual pressure valves (RPVs);

—	 self-closing valves;

—	 industrial and medical valves with integrated pressure regulators (VIPRs);

—	 industrial and medical pressure regulators;

—	 hoses.

Oxygen pressure surge testing is also described in other testing standards such as ISO  21010, 
ASTM G175 and ASTM G74.

NOTE	  A list of standards is given in the Bibliography.

Requirements for the test facility and test procedures differ from standard to standard due to 
modifications introduced over the years and lack of coordination. This can result in a need to modify the 
testing procedures and equipment depending on the product (e.g. valves, hoses, pressure regulators) 
knowing that the aim of the test remains the same.

This document aims to standardize the test equipment and the test procedure so that, in future, product 
standards can refer to this document and only give additional requirements, e.g. test pressure, number 
of test samples needed to be submitted for the test.
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INTERNATIONAL STANDARD ISO 11114-6:2022(E)

Gas cylinders — Compatibility of cylinder and valve 
materials with gas contents —

Part 6: 
Oxygen pressure surge testing

1	 Scope

This document specifies requirements for the test apparatus and test procedure in order to apply 
oxygen pressure surges consistently to devices being tested for resistance to ignition by adiabatic 
compression and to materials for oxygen compatibility.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 10286, Gas cylinders — Vocabulary

3	 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
surge tube
<cannon> metallic tube of defined internal diameter and length installed between the outlet plane of 
the quick-opening valve (QOV) or the calibrated orifice (if applicable) and the intermediate connector 
to ensure a reproducible severity of the test condition

Note 1 to entry: In some documents, the term “connecting tube” is used for this purpose.

3.2
test pressure
static pressure upstream of the quick-opening valve in the closed conditions

Note 1 to entry: The test pressure is expressed in bar.

Note 2 to entry: The test pressure is given in the product standard (3.4) (see the Bibliography).

3.3
pressure rise time
time required for the pressure to rise

Note 1 to entry: This is as measured in 5.5.

1© ISO 2022 – All rights reserved	 ﻿
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3.4
product standard
standard that specifies requirements to be fulfilled by materials and/or accessories to establish their 
fitness for purpose

Note 1 to entry: See examples of product standards given in the Bibliography.

4	 Test installation

4.1	 Test gas

4.1.1	 Test gas specification

The pressure surge test shall be carried out with oxygen.

Oxygen specification shall correspond to Table 1.

Table 1 — Gas specification

Parameter Requirement
Minimum purity ≥ 99,5 % by volume

Hydrocarbon content ≤ 0,01 % by volume
Maximum particle size See 5.1

NOTE Most industrial oxygen grades meet the above specifications.

4.1.2	 Temperature of test gas

The oxygen used for calibration and testing shall be at a temperature of (60 ± 3) °C unless otherwise 
specified by the appropriate product standard.

4.2	 Condition of test sample

In general, test samples are (before test series) at room temperature.

NOTE	 Room temperature is typically between 15 °C and 30 °C.

Some standards require the test sample to be heated, e.g. at (60 ± 3) °C.

4.3	 Surge tube (cannon)

The surge tube shall be suitable for oxygen and rated for the maximum pressure and temperature 
which the material of the surge tube reaches during the test.

Surge tubes are usually made of Monel or with Monel liner materials. Other oxygen compatible materials 
may be used.

The surge tube should be nominally straight. A smooth bend in the surge tube is sometimes used to 
retain test samples (such as oil) in position.

The product standards listed in the Bibliography require the use of different geometries for the surge 
tube:

—	 Type A: nominal length of 1 m and an internal nominal diameter of 5 mm (or nominal fractional inch 
equivalent);

—	 Type B: nominal length of 0,75 m and an internal nominal diameter of 14 mm (or nominal fractional 
inch equivalent).
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For other applications, different sizes (diameters and/or lengths) may be specified, e.g. by the 
manufacturer/the user/test laboratories.

Surge tube dimensions should be as close as possible to nominal dimensions. Due to the manufacturing 
process, some differences in inner diameters or length can occur. Such minor dimensional differences 
shall not lead to a reduction in the severity of the test. This can be demonstrated by having an internal 
volume of the surge tube no less than the volume calculated by using the nominal length and diameter.

5	 Design of the test facility

5.1	 General

The test facility room shall be adequately designed such that, in case of failure of either the sample or 
the test apparatus, the operator is protected. The room shall be adequately ventilated to maintain a 
safe environment for personnel, in particular to evacuate combustion products that could potentially 
be toxic. To prevent cross contamination between test programmes and to reduce the risk of a fire 
propagating into the test apparatus from a failed test sample, it shall be ensured that the test apparatus 
is clean for oxygen service. Figure 1 provides two examples of a test apparatus.

a) Test apparatus with an optional orifice

© ISO 2022 – All rights reserved	 ﻿
﻿
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b) Test apparatus without orifice

Key      

1 oxygen buffer 8 filter

2 heating device TT thermocouple measuring the oxygen temperature

3 quick-opening valve L1 nominal length of the surge tube (cannon) –  
distance measured from the orifice to the inlet 
of the intermediate connector

4 pressure release valve L2 nominal length of the surge tube (cannon) – dis-
tance measured from the outlet plane of valve 3 
to the inlet of the intermediate connector

5 surge tube (cannon) – with an overall  
length of L1 or L2 and a continuous  
inner diameter of d

d nominal inner diameter of the surge tube (cannon)

6 intermediate connector PT1 pressure transducer or gauge – measuring the 
test pressure upstream of the quick-opening 
valve (slow measurement)

7 orifice PT2 pressure transducer for determination of the 
pressure rise time (fast measurement)

NOTE	 If there is no orifice, the effective length commences at the valve outlet sealing plane.

Figure 1 — Examples of test apparatus

A (40 ± 20) µm filter shall be installed upstream of the oxygen buffer or other equivalent means shall be 
provided to prevent particle contamination.

Another valve can be added in-line upstream of valve 3 to provide additional safety during maintenance. 
The inner diameter shall be such to not interfere with the performance test apparatus.

In order to remove air from the surge test apparatus, an additional valve (i.e. purge oxygen supply 
valve) can be added using a branch connection located either upstream or downstream of valve 3.
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Quick-opening valve 3 should not be used for purging unless it is specially designed for that purpose.

Oxygen used for purging shall be filtered to the same level as the test gas.

The heated volume in the oxygen buffer should be significantly greater than the volume of the surge 
tube, typically at a ratio of 30 to 1 or greater to avoid significant change in test gas temperature and 
pressure during the test sequence.

5.2	 Intermediate connector on the test sample side

The test apparatus shall be equipped with an intermediate connector that will be used to attach the 
test sample to the apparatus.

Such connectors should have an overall length as short as possible to minimize heat dissipation and 
energy loss. Any transition of the internal diameter between the surge tube and the internal diameter 
of the gas passage of the test sample should be progressive, smooth and whenever possible step-free. 
In all cases, dimensions (including inner diameters and length) of the intermediate connector shall be 
recorded.

5.3	 Pressure measurement devices

At least two pressure transducers or gauges shall be used (see Figure 1):

—	 one upstream of the quick-opening valve;

—	 one within 50 mm of the downstream end of the surge tube (cannon).

5.4	 Temperature gauge

The temperature gauge shall be located upstream of the quick-opening valve (see Figure 1).

In case of standards requiring the test sample to be heated, a second temperature measurement device 
shall be located close to the test sample.

5.5	 Pressure rise time verification

The pressure rise time shall be verified by using a blank plug at the end of the surge tube unless 
otherwise required by the product standard or by the applicable specification.

NOTE	 Some major differences can occur between a plug or a test sample, in particular for hoses.

The pressure measurement used for calibration shall be located within 50 mm of the downstream end 
of the surge tube (cannon) as shown in Figure 1. One way to adjust the rise time to the specified value is 
to use a calibrated orifice upstream of the surge tube (see Figure 1 a) key 7). The distance between the 
calibrated orifice and the quick-opening valve should be minimized, but the surge tube length shall be 
adjusted to reach the specified length.

The test installation shall be regularly checked for the required pressure rise time as per the test 
laboratory quality management system. The pressure rise time is determined by the time difference 
between when the pressure goes from 10 % of the first pressure peak to when it reaches 90 % of the 
first pressure peak as shown in Figure 2. The first pressure peak (see key 2 in Figure 2) shall not be less 
than the test pressure and shall not exceed 110 % of test pressure.

The pressure rise time in the surge tube (measured by a suitable pressure measurement device and 
recorded) shall be 20 ms (+0/–5 ms) unless specified otherwise by product standards.

© ISO 2022 – All rights reserved	 ﻿
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Key
t time, in s 3 90 % of the first pressure peak
p pressure, in bar 4 10 % of the first pressure peak
1 magnification of the recorded pressure rise curve 5 test cycle 1
2 first pressure peak measurement at start of each cycle 6 test cycle 2

Figure 2 — Pressure rise time and pressure cycle timing

6	 Test procedure

6.1	 Samples

If required by the product standard, specific conditioning of test samples may need to be performed 
(e.g. ageing, endurance).

6.2	 Pressure

After the surge tube has been purged (e.g. at low pressure by successive dilution) to obtain the 
theoretical quality conforming to Table 1, test samples shall be submitted to the number of pressure 
cycles from atmospheric pressure to test pressure specified in the product standard. If no product 
standard exists, Annex A can be used. At the end of each cycle, the surge tube shall be vented through 
valve 4 to atmospheric pressure.

NOTE 1	 For some test samples, it is possible to have an additional vent downstream of the test sample to 
release pressure accumulated in the test sample. This is normally specified in the product standard.

The test pressure shall be verified on pressure measurement device at position 3 (located upstream of 
the quick-opening valve) immediately before the first cycle. The tolerance is (–0 + 3) %.

NOTE 2	 For large test samples, the test pressure can be increased in order to stay within the given test 
pressure range.
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Holding time at test pressure and equalization time at atmospheric pressure are not fixed but each shall 
be 3 s minimum.

NOTE 3	 Holding time and equalization time are usually 10  s. Some product standards require to have a 
minimum holding time and equalization time of more than 3 s.

The total time of a pressure cycle shall be (30 ± 3) s. Total time is the time between the beginnings of 
two consecutive pressure cycles.

The test pressure shall be verified with the pressure measurement device located upstream the 
quick‑opening valve (see Figure 1 PT1) immediately after the last cycle with the quick opening valve in 
the closed position.

During a test of a given test sample, the test pressure after the last cycle compared to that at cycle 1 
shall not have decreased by more than 3 %.

The quick-opening valve (see Figure 1 PT1) inlet pressure shall be recorded during the test cycle.

6.3	 Temperature(s)

The temperature(s) shall be recorded during the test (see 5.4).

6.4	 Visual examination

After the test sequence, a visual examination shall be performed if required by the product standards.

7	 Validity of the test

The test will be considered as valid unless at least one of the following factors are observed:

—	 a leak of the system (test rig) downstream of the quick-opening valve occurs during the test;

—	 any of the requirements of the procedure specified in this document are not followed.

8	 Pass/fail criteria for the test sample

The pass/fail criteria for the test samples are generally defined in the product standards.

However, a product will be considered to have failed the test if:

—	 there are any traces of ignition (e.g. surface deterioration including change in surface texture and/
or colour, material loss);

—	 components have displaced (no longer in place where they were installed) due to testing, and/or are 
non-functional (e.g. broken) or missing;

—	 the test sample is leaking (audible sound).

If necessary, the test sample shall be compared with an unused test sample to highlight the differences 
caused by the test.

9	 Test report

A written test report shall be issued, summarizing the tests carried out and the results obtained.

The test report shall include:

a)	 reference to this document, i.e. ISO 11114-6:2022, and the product standard (if any);

© ISO 2022 – All rights reserved	 ﻿
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b)	 information on the test sample:

1)	 manufacturer or supplier;

2)	 serial number/batch number/markings if available;

3)	 drawing and material specification as appropriate;

c)	 number of samples tested;

d)	 condition of the sample (e.g. as received, after ageing, after endurance);

e)	 information on surge tube type (Type A, Type B) or specific type (as per 4.3) with indication of 
nominal length and internal diameter; information on the material if it is not Monel;

f)	 dimensions (including internal diameter, transition profile and length) of the intermediate 
connectors;

g)	 average pressure rise time during verification and testing and as a minimum the accuracy of the 
measurement (indicate if performed with a plug or with the sample, see 5.5);

h)	 pressures and accuracy;

i)	 temperature of the test gas [e.g. measured at position TT of Figure 1 a) and b)];

j)	 temperature of the test sample (if required) before the test sequence starts;

k)	 pictures as required in 6.4.
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