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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
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Gas welding equipment — Pressure regulators for manifold
systems used in welding, cutting and allied processes up
to 30 MPa (300 bar)

1

This
syster

a)
b)
c)
d)

e)

It is n@t applicable to pressure regulators fitted directly to the gas cylinders, as defined in ISO 25

2

The f
refere|
docun
ISO5
ISO 9

ISO9
proce

ISO 1

S

Cd

dipsolved acetylene;

[¢

C4

N

hs used in welding, cutting, and allied processes for:

methylacetylene-propadiene-mixtures (MPS);

cope

nternational Standard specifies requirements and test methods for pressure, regulaton

mpressed gases up to 30 MPa') (300 bar);

uefied petroleum gases (LPG);

rbon dioxide (CO,).

ormative references

bllowing referenced documents. are indispensable for the application of this docume
hces, only the edition citéd) applies. For undated references, the latest edition of ftk
hent (including any amendments) applies.
171, Gas welding equipment — Pressure gauges used in welding, cutting and allied proces

DI0, Gas tightness of equipment for gas welding and allied processes

b39, Gas welding equipment — Materials for equipment used in gas welding, cutti
5ses

6296, Gas welding equipment — Vocabulary — Terms used for gas welding equipment

1)

The value 30 MPa relates to maximum cylinder filling pressure at 15 °C.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15296 and the following apply.

3.1

pressure regulator for manifold systems
device for regulating a generally variable inlet pressure to as constant as possible an outlet pressure when

controlling the output of a manifold of cylinders

NOTE The diagram of the pressure regulator is an example only. Optional design characteristics are to be
compatible with the safety requirements specified in this International Standard. See Figure 1.

Key

pressure re
inlet conne
upstream ¢
relief valve,

gulator body
Cctor
ressure gauge

downstrea

pressure r
pressure a

0 N O o WN -

3.2
manifold

pressure gauge

gulator coyver,
justing.screw

3

4

5

assembly of devices generally linking two or more gas sources coupled to a user pipeline system, delivering a

regulated pressure under specified safe conditions

NOTE A manifold can include components like collectors, safety devices, and pressure regulators.

© 1SO 2010 — All rights reserved
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4 Units

41

Pressure

ISO 7291:2010(E)

The pressures measured are gauge pressures?) and are expressed in megapascals or bars.

4.2 Flow

Flow rates are measured in cubic metres per hour corrected to a standard atmosphere3), taking into account

the relevant conversion coefficient for the gas used (see Table 1).

Table 1 — Conversion coefficient, U

Conversion coefficient

Test|gas
air oxygen | nitrogen argon hydrogen helium acetylene LPG, e.g. CO,
propang
alr 1 0,950 1,02 0,851 3,81 2,695 1,05 0,800 0,808
nitrogen 0,983 0,930 1 0,837 3,75 2,65 1,03 0,784 0,792
The cpnversion coefficient, U, is given by Equation (1):
4= (1)
wherg
yd is the density of test gas;
y{ is the density of gas used.
4.3 [Temperature
Tempgratures are measured in degrees Celsius.
5 Manufacturing requirements
5.1 |Materials
Matermats forpressure Tegutators shattconfornmto the Tequirements of SO 9539
2) Pressure exceeding atmospheric pressure.
3) A standard atmosphere at 23 °C and 0,101 3 MPa (1,013 bar), ISO 554("],
© 1SO 2010 — All rights reserved 3
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5.2 Design, machining and assembly

5.2.1 Oxygen pressure regulators

Pressure regulators for oxygen shall be designed and manufactured giving consideration to the possibility of
internal ignition. Pressure regulators for oxygen shall not ignite or show evidence of burning when submitted

to the ignition

testin 9.4.4.

All components and accessories shall be thoroughly cleaned and degreased before assembly.

5.2.2 Acetylene pressure regulators

Pressure regd
decompositio

n. The test shall be carried out in accordance with 9.4.6.

5.2.3 Connections

5.2.3.1 Inl
Choice of inl
5232 O

Choice of out|

5.2.4 Filter

A particle filtg
directly fitted

5.2.5 Press

This device s
the open posi

If the dimen
compressed,

Using the adj
vents.

5.2.6 Press

t connections

connections is left to the manufacturer's discretion.

let connections

et connection is left to the manufacturer's discretion.

ure-adjusting device

then the pressure=adjusting screw shall not be removable.

r.:re gauges

ulators shall be designed and constructed in such a way that they withstand racetylene

r, having an effective cross-section compatible with the discharge, shall be mounted within or
to the pressure regulator upstream ofiwthe pressure regulator valve. The filter shall not be
removable without the use of a tool. The filter shall retain particles of size greater than or equal to 0,1 mm.

nall be designed in such a waythat it is not possible for the pressure regulator valve to be held in
lion, for example, as a consequence of the spring being compressed fully (to its solid length).

sions of the pressure-adjusting screw are such as to prevent the spring becoming fully

usting device, it shall not be possible to obtain a pressure at which the pressure relief gevice

The pressure regulator shall be supplied with upstream and downstream pressure gauges complying with the

functions and

safety requirements specified in ISO 5171.

Inlet connection threads shall conform to international, regional or national standards for pressure gauges.

Pressure gauges shall be designed and constructed in such a way that they withstand acetylene
decomposition. The test shall be carried out in accordance with 9.4.7.

© 1SO 2010 — All rights reserved
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5.2.7 Gas leakage

5.2.71 General
The pressure regulator shall be gastight to the exterior, e.g. to the atmosphere, and internally, i.e. between the

high-pressure and low-pressure parts. At all normal pressures for relevant gases, the leakage shall not
exceed the limits specified in 5.2.7.2 and 5.2.7.3.

5.2.7.2 External leakage

Pressure regulators shall be gastight to the atmosphere and shall conform to the requirements of ISO 9090.
The tqtalleakage shall be less than T0 cmom.

5.2.7.8 Internal leakage, g;

Maximum allowable internal leakage, g, in cubic centimetres per hour, of the pressure regulatoy is a function
of its gtandard discharge, Q,, in cubic metres per hour (see Figure 2).

Fpr 04 < 30 m3/h, ¢; < 50 cm3/h and

—h
o

r 04 > 1500 m3h, g; < 2 500 cm3/h.

Betwden these two pairs of values the allowable leakage rate shall satisfy Condition (2):

5
< = 2
s 3 04 (2)
g¢/(cm3h)
2500
50
30 1500 Q/(m3h)
Key
g internal leakage

01 sfandard discharge

Figure 2 — Allowable internal leakage rates

5.2.8 | Mechanical resistance

5.2.8.1 Resistance to internal pressure
Pressure regulators shall be designed and constructed in such a way that the application of pressures given in

Table 2 in the high-pressure and low-pressure chambers does not lead to permanent deformation
(see 9.4.2.1).

© 1SO 2010 — Al rights reserved 5
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Table 2 — Test pressures

Gas High-pressure chambers

Low-pressure chambers

Oxygen and other compressed gases,
po < 1 MPa (10 bar)

Acetylene

MPS 1,2x 1,5 p,

Oxygen and other compressed gases,
1 MPa (10 bar) < p, < 2 MPa (20 bar)

Oxygen and other compressed gases,
D]

3 MPa (30 bar)

6 MPa (60 bar)

> 2 MPa (20 bar)

3p2

5.2.8.2 Pré¢ssure retention of the low-pressure side

Pressure reguilators shall be designed and constructed so that if the low-pressure chamber of the pressure

regulator, or

ntermediate chamber in the case of two-stage pressure regulators, is<in direct communication

with a full cylinder of gas, for example, the pressure regulator valve is held in the-0pen position and the|outlet
connection is|closed by an attached stop valve or a blind plug, the high-preSsure gas shall either be |safely

retained or vented (see 9.4.2.2).

A pressure rglief device may be fitted to the manifold pressure regulator to fulfil this requirement. For

flammable gages, a means of safely venting shall be provided.

6 Physic

6.1 General

al characteristics

The symbols lised are given in Table 3.

Table 3 — Symbols used
Symbol Explanation

i irregularity coefficient

p pressure

D1 ndminal inlet pressure

)2 ndminal outlet'pressure

Dor adetylene_outlet pressure used for calculation of R (see 9.3.3.3)

Do; adetylene outlet pressure used for calculation of i (see 9.3.5.3)

D3 upstreanmrpressure-for typetesting-pz =2 p, + (0,100 MPa)

Da stabilized outlet pressure (stabilization after flow ceases)

Ds highest or lowest outlet pressure during a test of determination of irregularity coefficient according to 6.4.2

)2 inlet pressure

Do outlet pressure

04 standard (nominal) discharge

Omax maximum discharge

qs internal leakage

R coefficient of pressure increase upon closure

t time

6 © 1SO 2010 — Al rights reserved
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6.2 Pressures

6.2.1 Nominal inlet pressure, p,

Nominal inlet pressure specified by the manufacturer.

6.2.2 Nominal outlet pressure, p,

Nominal outlet pressure for the standard discharge, 0, specified by the manufacturer.

NOTE This nominal pressure is defined for testing, and can be above the normal operating pressure of the pressure
regulafor.

For agetylene pressure regulators, the standard discharge is measured at p,,.

6.2.3 | Outlet pressure for acetylene pressure regulators

For agetylene pressure regulators the outlet pressures p,, p,, and ps shall not;exceed 0,150 MPa (1,5 bar) in
any case, but lower values may be applicable depending on the intended maximum pipeline diameter.

NOTE The nominal outlet pressure, p,, is a function of the nominal diameter of the distribution line. Itfis possible that
maximum values for the outlet pressures are specified in national standards‘and regulations.

6.3 |Flow rates

6.3.1 | Maximum discharge, O«

The maximum discharge which the pressure regulator can provide for an upstream prgssure, ps, in
megapascals, which is given by the expression;

p; = 2 p2 + 1 (3)
NOTE It is possible that Q... is lower than the actual flow, which the pressure regulator can allow|under different
conditipns.

6.3.2 | Standard discharge, ©;

The gtandard discharge) for the pressure regulator is defined by the manufacturer for a particular gas
(see Rigure 3) at theyrated outlet pressure p, (see Table 4).

The fgllowing condition shall be satisfied: 0 > 0,5 O, -

For agetylene pressure regulators, the standard discharge is measured at p,.

© 1SO 2010 — Al rights reserved 7
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Pol
Ps
p4,max
P4
P2
(oF U max &
Key
p, outlet pregsure Pamax Maximum stabilized outlet pressure
p, nominal oyitlet pressure (0] flow rate
ps3 upstream pressure for type testing 04 standard discharge
p4 stabilized putlet pressure Omax  Maximum discharge
Figure 3 — Flow rate characteristics
Table 4 — Pressures?
Nominal inlet pressure Nominal outlet pressure
Gas )2 p2b
MPa (bar) MPa (bar)
0,2 (2)
0,4 (4)
n and other compr 0,6 (6)
Oxygen and other compressed gases 0 to 30 (0 to 300)°
up to 30 MPa {300 bar) 1,0 (10)
1,25 (12,5)
2,0 (20)
Dissolved acelylene 2,5 (25) <0,15(<1,9)
0,15 (1,5)
MPS 2,5 (25)°
0,4 (4)
0,2 (2)
CO, 2042001 0.4-(4)
1,0 (10)
@  For acetylene, Py P, @nd pg shall be less than or equal to 0,150 MPa (1,5 bar).
b If other values for the application of pressure are required, they should be selected preferably from the R20 series containing the
values given.
€ Vapour pressure for MPS at 65 °C. This value shall change depending on components of the gas mixture.
d  Pressure for CO, at 53 °C.
€ Pressure relating to maximum cylinder charging pressure at 15 °C.

8 © 1SO 2010 — Al rights reserved
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6.4 Operating characteristics
6.4.1 Coefficient of pressure increase upon closure, R
This coefficient is defined by:
p,-p
R= 4 2 (4)
Py
where
pp is the nominal outlet pressure (for acetylene pressure regulators, p, = p,,, see Table3)
ph is the stabilized outlet pressure (stabilization pressure) noted 1 min after discharge |ceases — for
acetylene pressure regulators, set to initial conditions Q4, p,p for inlet p,.
For standard discharge Q4, the coefficient R of pressure increase upon closure shall be less than|0,5.
6.4.2 | Irregularity coefficient, ;
This goefficient is defined by:
il= P5— P2 (5)
b2
wherg
pp is the nominal outlet pressure (for acetylene-pressure regulators, p, = p,;, see Table 3);
pk is the highest or lowest value of the.outlet pressure (see Figure 4) during a test in which the inlet
pressure varies from p, to p5 for.a:flew equal to the standard discharge, Q;.
The limits shall be: -0,3 < i < +0,5.
Po Po
P 4 Pa
P 2 P2
AV |
| | |
" | | |
Q | | |
Loy |
Lol o |
| & |
I I
| |
1 |
P1 ps 0 pi P1 ps 0 p
a) With rising characteristic b) With falling characteristic
Key
p, outlet pressure p3 upstream pressure
p;  inlet pressure p4 stabilized outlet pressure
pq hominal inlet pressure ps extreme pressure during i determination
p, hominal outlet pressure
Figure 4 — Typical dynamic expansion curves
© 1SO 2010 — Al rights reserved 9
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6.4.3 Operating temperature range

The pressure regulators shall be capable of operating normally in the temperature range —20 °C to +60 °C.

7 Marking

7.1 Pressure regulator

The following information shall be clearly and permanently marked in accordance with 9.5 on the pressure
regulator body or cover or on a label permanently fixed to the pressure regulator:

a) number of this International Standard (ISO 7291:2010);

b) name or frade mark of the manufacturer or distributor;

c) the standard discharge, 04, and nominal outlet pressure, p;

d) nominal iplet pressure, py;

e) the gas intended for use (use the full name of the gas or the symbols shown in Table 5);
f) the desighation of the pressure regulator model, if necessary;

g) identificajon number, if the pressure relief device is supplied as.a separate unit;

h) an indicatjon of inlet or an arrow showing the direction of flow.

Table 5 +— Recommended code letters for gases to be used for marking of pressure regulators

Gas type Letter code
Air AIRorD
Acetylene A
Carbon dioxide CO2
Coal or town gas C
Ethylene E
Fuel gas or fuel gas mixtures Fa
Hydrogen H
Oxygen
MPS Y
Natural gas, methane M
Nitrogen, inert gases N@
Propane or LPGs P
Propylene
@  See Clause 8 for instructions for use.

7.2 Pressure relief devices

Pressure relief devices that are supplied as a separate unit shall be clearly and permanently marked with the
same identification number as the pressure regulator.

10 © 1SO 2010 — Al rights reserved
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Instructions for use

The manufacturer, supplier or distributor shall supply instructions for use with each pressure regulator,
covering at least:

a)
b)

c)

9

9.1

the field of application of the pressure regulator;

a description of the pressure regulator and the meaning of the marking;

the safe and correct installation of the pressure regulator, including the safe venting of pressure relief

devices, if fitted;

the commissioning tests that are necessary to prove safe and correct installation prior to, ser

the use and maintenance of the pressure regulator (intended for the operator), including
bfety precautions in the case of oxygen.

n

—

ype test procedure

General

Checking conformity to this International Standard of a pressure regulator of a given type consist

a)

b)

tests;

checking of documents.

The gxygen ignition test (see 9.4.4) shall be carfied out after the functional tests (see 9.3) a
internal pressure tests (see 9.4.2).

NOTE These are type tests applicable-t0- pressure regulators only for verifying conformity to th
Standard and are not intended as the programme for production testing of all pressure regulators.

In gerjeral, samples and documents'shall be submitted as required by the testing organization.

9.2

Test conditions

9.2.1 | General characteristics of the test installation

All the pipelines-of the testing installation together with the valve controlling the flow shall have
greater than that-of the pressure regulator to be tested.

9.2.2 | Type of gas

vice;

hazards and

s of:

nd before the

s International

Has passages

Tests shall be carried out with air or nitrogen free from oil and grease.

The ignition test according to 9.4.4 shall be carried out with oxygen.

In all cases, tests shall be carried out with a gas with a maximum moisture content of 50 ug/g (50 ppm)
corresponding to a dew point of —48 °C.

9.2.3 Accuracy of the flow measuring apparatus

The tolerance of the measuring apparatus shall not exceed +3 % of the measuring range.

© 1SO 2010 — All rights reserved
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9.2.4 Pressure measurement and accuracy of the pressure measuring apparatus

The test bench shall be constructed in such a way that upstream pressure and flow can be regulated. The
equipment may be operated by remote control.

The source of gas for the nominal inlet pressure p, and p5 shall have gas available for the duration of the test.

Pressure gauges shall not exceed 1 % error of its indication.

9.3 Functional tests

9.3.1 Genelal

An example pf the test apparatus used for the measurement of the discharge is shown in Figure . The
pressure regdlator may for example be supplied by a buffer cylinder. The upstream pressure p (see 6.3.1) is
held constant|by means of an auxiliary pressure regulator or any equivalent device.

SN S

Dimensions in millimetres

1 —0— I —
2 7
)(/5
1 9 8 <1000 6
Key
1 gas supply 6 thermometer formeasurement of the gas temperature
2 auxiliary regulator 7  pressure regulator (sample)
3 calibrated gauges 8 adjusting screw
4  control valye for regulation 9 buffer gylinder
5 flow meter

Figure 5 — Example for the:measurement of the maximum discharge, O,

9.3.2 Maximum discharge, 0,5

9.3.21 Geheral

The maximum discharge, O, shall be measured at an inlet pressure, p3, as specified in 9.3.2.2 or 9.32.3.

9.3.2.2 MT(imum discharge, 0,,.,, excluding acetylene pressure regulators

The adjusting screw of the pressure regulator sample under test shall be fully screwed in, and the valve for
regulation shall be opened so that:

a) the downstream pressure gauge indicates the nominal (maximum) outlet pressure, p;

b) the flow meter indicates the maximum discharge, Q... taking into account the corrections in 4.2 and
Table 1 and the temperature measured by the thermometer.

9.3.23 Maximum discharge, O,,,,, for acetylene pressure regulators
The adjusting screw of the pressure regulator sample under test shall be fully screwed in, and the valve for

regulation shall be fully opened. The flow meter indicates the maximum discharge, Q5. taking into account
the corrections in 4.2 and Table 1 and the temperature measured by the thermometer.

12 © 1SO 2010 — Al rights reserved
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9.3.3 Standard discharge, O,

9.3.3.1  General

The condition 04 > 0,5 Q,,,,, defined by the manufacturer (see 6.3.2) shall be fulfilled.

The standard discharge, 04, shall be obtained using the settings specified in 9.3.3.2 or 9.3.3.3.

9.3.3.2 Standard discharge, 04, excluding acetylene pressure regulators

The jlquing screw of the pressure rngnln’rnr Qnmpln under test and the valve for rpgnlaﬁnn shall be set to
achieye p,, 04 at p3.

9.3.3.3  Standard discharge, Q4, for acetylene pressure regulators
The adjusting screw of the pressure regulator sample under test shall be fully serewed in, and the valve for

regulgtion shall be opened to achieve O, at p3 and the corresponding outlet® pressure measured. This
presslire shall be referred to as p,p.

9.3.4 | Coefficient of pressure increase upon closure, R
With the pressure regulator set to standard discharge conditions (see"9.3.3) proceed as follows:
a) sjop the flow by using the valve for flow regulation;

b) after 1 min, record the stabilization pressure, py.
c) dpetermine the value of R (see 6.4.1).
9.3.5 | Irregularity coefficient, i

9.3.5.1 General

For the determination of the irregularity coefficient, i (see 6.4.2), plot a dynamic expansion curye. This curve
indicates the downstream pressure as a function of the upstream pressure. During this test, [the upstream
presslire varies from the rated’inlet pressure p, to pressure ps.

An example of the test'apparatus is shown in Figure 6.

The pressure regulator is equipped with two calibrated pressure gauges, preferably recofding gauges
accordling to.class 1 or any other recording device, which produces the dynamic expansion curve directly. The
presslire regulator is supplied from a source of gas capable of being adjusted in a smooth and cgntinuous way
at an ppproximately constant rate, e.g. by one or more gas cylinders. The source of gas shall pe capable of
supplying’the test gas at the nominal inlet pressure Py The pressure regulator discharge is controlled by a

flow meter.

9.3.5.2  Pre-test settings excluding acetylene pressure regulators

The adjusting screw of the pressure regulator sample under test and the valve for regulation shall be set to
achieve p,, Q4 at py.

© 1SO 2010 — Al rights reserved 13
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Key

1 auxiliary gas cylinder

2 gauges of class 1

3 valve for flcl)w regulation
4  flow meter

9.3.5.3

The adjusting

6
7

QUL
%Z

thermometer for measurement of the gas temperature
pressure regulator (sample)

=1000

&
i

adjusting screw
primary gas cylinder

0 N O

Figure 6 — Example for the measurement of the dynamic expansion curves

Pre-test settings for acetylene pressure regulators

screw of the pressure regulator sample under test shall be fully screwed in and the va

regulation shall be adjusted to achieve O, at p,. The resulting outlet pressure shall*‘be measured and rg

to as p,;.

9.3.54 Te

Without chan
the primary (
pressures. Th

5ts

hing the preceding setting, the cylinder valve of the_atxiliary cylinder shall be closed and
ylinder shall be opened. At this time, record the>values of the upstream and downs
e capacity of the primary cylinder shall be sufficient for a test period of at least 15 min.

However, if the pre-test settings can be achieved in less than 30 s and the auxiliary cylinder has sul

capacity, the

9.3.5.5 Re

During this te|
shall be a sm
Figure 4).

The pressure
this test in wh

Determine the
9.4 Tests

9.4.1

est can be carried out without switching,tothe primary cylinder.

sults

5t, there shall be no evidence of oscillation or sticking of the pressure regulator valve and
both pressure regulator dynamic expansion curve, which either rises to a maximum or fall
ps, for the irregularity coefficient, i, is the highest or lowest value of the outlet pressure

ch the inlet pressure varies from p4 to p3.

value ofi(See 6.4.2).

for/mechanical resistance of pressure regulators

ve for
ferred

hat of
tream

ficient

there

5 (see

during

General

WARNING — Precautions shall be taken to protect test personnel.

9.4.2 Intern

9.4.2.1

al pressure tests

Test of resistance to internal pressure

For this test (see 5.2.8.1) the pressure relief device, diaphragm and pressure gauges shall be replaced by
blind plugs. The low and high-pressure chambers shall be hydraulically pressurized for 5 min. After the test,
check that there is no permanent deformation (e.g. measured by comparison).

The test pressures are given in Table 2.
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9.4.2.2

ISO 7291:2010(E)

Pressure retention test of the low-pressure side

For this test (see 5.2.8.2), the pressure regulator valve shall be held permanently open or removed. The
pressure gauges shall be replaced by blind plugs and the outlet blanked off.

The pressure relief device supplied with the pressure regulator shall be in operation.

A pneumatic pressure of p, shall be applied to the pressure regulator inlet, through a valve which is manually
opened quickly.

If no rupture occurs, the test is satisfactory.

If rup
allows

9.4.3

9.4.3.

Gas i

9.4.3.

The ¢
press
open.

The te

9.4.4

Threg
from i

(40 pr
oxyge

The t
meas

The p
(see R
the qu
diamsg
dimen

ure occurs, no pieces shall be ejected. Venting of gas through pressure relief devicq
d.

Leakage tests

|  External leakage

ghtness to the atmosphere shall be tested according to ISO 9090.

P Internal leakage

as tightness of the pressure regulator valve seat is tested at the inlet pressure, pq, fi
ire regulator valve shall be closed (pressure adjusting: screw completely unscrewed) 3
A leakage rate, ¢y, shall satisfy the requirements of §:2:7.3.

st shall be repeated with the upstream pressure’for type testing, ps.

Ignition test for pressure regulators for oxygen

samples of the oxygen pressure(regulator shall be exposed, through their inlets, to pre
hdustrial oxygen [minimum 99,5 % (by mass) purity; hydrocarbon content less than or eq
m)]. The test system (see_Figure 7) shall be provided with equipment for preheating th
n vessel and a quick opeping/valve. Figure 7 gives an example of a test bench.

me required to increase the pressure from atmospheric up to the test pressure shall
ired at point A prierto’the test (see Figure 7).

ressure shallkalso be measured at a distance of 30 mm to 40 mm from the sealing face
igure 7, label™9). At least every second pressure shock shall be recorded. The connection
ick opening valve and the pressure regulator under test shall be 750 mm in length and 14
ter, made from oxygen-resistant metallic material, e.g. copper, stainless steel or brass.
sions. of the tube are essential in order to ensure that a well-defined energy input into

s, if fitted, is

br 5 min. The
nd the outlet

ssure shocks
Lial to 40 ug/g
e oxygen, an

be 2095 ms,

of the sample
tube between
mm in internal
The specified
the pressure

reguld

torto be tested is achieved. Before starting the test, the test samples shall be at room te

perature. The

test pressure shall in all cases be 1,2p, at a temperature of (60 + 3) °C.

Each test series shall consist of 20 pressure shocks at intervals of 30 s (see Figure 8).
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