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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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P was prepared by Technical Committee ISO/TC 121, Anaesthetic and respiratory equipni
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

the technical committees are circulated to the member bodies for voting: -Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd

ee SC 6, Medical gas systems.

Pressure regulators and pressure regulators with flow-metering devices
Manifold and line pressure regulators
Pressure regulators integrated witlr cylinder valves
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consists of the following parts, under the general title Pressure regulators for use with medlical
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Manifold pressure regulators are used to reduce cylinder pressure to a lower pressure within a source of
supply of a medical gas pipeline system.

Line pressure regulators are used to reduce the pressure supplied by manifold pressure regulators or by
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important that the operating characteristics of manifold and line pressure regulators are sy
bd in a defined manner.

essential that regular inspection and maintenance be undertaken to ensure that the pressur
inue to meet the requirements of this part of ISO 10524.

part of ISO 10524 pays particular attention to:

use of suitable materials;

safety (mechanical strength, leakage, safe relief of excess pressure and resistance to ignition)
cleanliness;

type testing;

marking;

information supplied by the manufacturer.

ex B contains rationale statements for some of the requirements of this part of ISO 10524.
subclauses marked with~an asterisk (*) after their number have corresponding rationale

rporated into this-part of ISO 10524. It is considered that knowledge of the reasons for the r¢g
not only facilitate~the proper application of this part of ISO 10524, but will expedite any
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ecified and
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INTERNATIONAL STANDARD ISO 10524-2:2005(E)

Pressure regulators for use with medical gases —

Part 2:
Manifold and line pressure regulators

1 |Scope
1.1 This part of ISO 10524 specifies requirements for manifold pressure regulators (as defined in 3.6)
intehded to be connected to cylinders with nominal filling pressures up to 25 000-kPa at 15 °C fand for line

pregsure regulators (as defined in 3.4) for inlet pressures up to 3 000 kPa and‘intended for usg in pipeline
systems for the following medical gases:

— |oxygen;

— |nitrous oxide;

— |air for breathing;

— |carbon dioxide;

— | oxygen/nitrous oxide mixtures;

— |air for driving surgical tools;

— | nitrogen for driving surgical tools;

— |oxygen produced by an oxygen.concentrator.

1.2 This part of ISO 10524 applies to manifold pressure regulators and line pressure regulators|supplied as
individual units or to the relevant components incorporated within an assembly.

1.3 | This part of ISO710524 does not apply to pressure regulators for use with vacuum pipeline systems.

NOTE Requirements for pressure regulators for use with vacuum pipeline systems are covered in ISO 10079-3.

2 [Normative references

The following referenced documents are indispensable for the application 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 32:1977, Gas cylinders for medical use — Marking for identification of content

ISO 7396-1:2002, Medical gas pipeline systems — Part 1: Pipelines for compressed medical gases and
vacuum

ISO 14971:2000, Medical devices — Application of risk management to medical devices

ISO 15001:2003, Anaesthetic and respiratory equipment — Compatibility with oxygen

© 1SO 2005 - All rights reserved 1
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EN 837-1:1996, Pressure gauges — Part 1: Bourdon tube pressure gauges — Dimensions, metrology,

requiremen

ts and testing

3 Terms and definitions

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

3.1

closure pressure

Py

stabilized oltlet pressure, after cessation of the flow, from a pressure regulator when the flow has been/s¢t to
standard digcharge

3.2

double-stapge pipeline distribution system

pipeline distribution system in which gas is initially distributed from the supply system at-a“higher pressure
than the nominal distribution pressure

NOTE This higher pressure (nominal supply system pressure) is then reduced to the nominal distribution pressure by
additional ling pressure regulators.

3.3

flow charagteristic

variation of foutlet pressure in relation to flow with the inlet pressure retaining constant

3.4

line pressyre regulator

pressure re
pressure re|

3.5
manifold
device for g
pipeline sys

3.6
manifold p|
pressure re

3.7

gulator intended to be installed within a medicalgas pipeline system downstream of a man
julator or cryogenic gas supply system

onnecting the outlet(s) of one or more cylinders or cylinder bundles of the same medical gas
tem

ressure regulator

medical gas pipeline system

complete s
system with

3.8

nominal dig

pressure of

stem which’eomprises a supply system, a monitoring and alarm system, a pipeline distriby
terminal units at the points where medical gases or vacuum may be required

julator intended to be'installed within sources of supply containing cylinders or cylinder bundle$

fold

to a

D

tion

tribution pressure

gas which the pipeline system is intended to deliver at the terminal units

3.9

nominal inlet pressure

Py

upstream pressure (specified as a single value by the manufacturer) for which the pressure regulator is
intended to be used

NOTE P, for manifold pressure regulators is the maximum cylinder filling pressure at 15 °C.
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3.10
nominal outlet pressure

Py

downstream pressure for the standard discharge, 0,4, specified by the manufacturer

3.1
pressure characteristic
variation of the outlet pressure in relation to inlet pressure under constant flow conditions

3.12

pressure-gauge

dev

3.13
pre
dev

3.14
pre
dev

3.18

ce that measures and indicates pressure

ssure regulator
ce that reduces the inlet pressure and maintains the set outlet pressure within specified limits

ssure-relief valve
ce intended to relieve excess pressure at a pre-set value

single-fault condition

con
extq

[IEC
3.1

Pip§
pres

3.17
source of supply

that

dition in which a single means for protection against a safety/hazard in equipment is defective
rnal abnormal condition is present

60601-1:1988, 2.10.11]

smj;le-stage pipeline distribution system

line distribution system in which gas is_distributed from the supply system at the nominal
sure

portion of the supply systemwith associated control equipment, which supplies the pipeline

or a single

distribution

distribution

at test inlet

3.20
test inlet pressure

Py

minimum inlet test pressure

NOTE See Table 1.

© 1SO 2005 - All rights reserved
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3.21

test outlet pressure

Ps

highest or lowest value of the outlet pressure resulting from a variation in the inlet pressure between P, and P3
at previously adjusted conditions P4, Py, 04

4 Symbols

The symbols used for the functional characteristics are given in Table 1.

Table 1 — Symbols

P, Nominal inlet pressure
P, Nominal outlet pressure
Py Test inlet pressure
P, Closure pressure
Pg Test outlet pressure
04 Standard discharge
R Coefficient of pressure increase.upon closure
i Irregularity coefficient
NOTE P;=2P,+ 100 kPa

Examples ¢f a line pressure regulator and a manifold pressure regulator with terminology are givep in
Annex A.

5 General requirements

5.1 Safety

Manifold and line pressure regulators shall, when transported, stored, installed, operated in normal use |and
maintained jaccording to the-instructions of the manufacturer, cause no safety hazard which could be foregeen
using risk npanagement prosedures in accordance with ISO 14971 and which is connected with their interlded
application,|in normal condition and in single fault condition.

5.2 Altennative-construction

Manifold and-ire—pressure—+egulators—and-cemponents—erparis—thereof—udsing—materials—orhavirg—ferms of
construction different from those detailed in Clause 5 shall be accepted if it can be demonstrated that an
equivalent degree of safety is obtained.

Such evidence shall be provided by the manufacturer upon request.

NOTE Attention is drawn to ISO 14971 on risk management.

5.3 Materials

5.3.1* The materials in contact with the medical gases listed in 1.1, during normal use shall be resistant to
corrosion and compatible with oxygen, the other medical gases and their mixtures in the temperature range
specified in 5.3.2.

4 © ISO 2005 — All rights reserved
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NOTE 1 Corrosion resistance includes resistance against moisture and surrounding materials.

NOTE 2 Compatibility with oxygen involves both combustibility and ease of ignition. Materials which burn in air will burn
violently in pure oxygen. Many materials that do not burn in air will do so in pure oxygen, particularly under pressure.
Similarly, materials that can be ignited in air require lower ignition energies for ignition in oxygen. Many such materials can
be ignited by friction at a valve seat or by adiabatic compression produced when oxygen at high pressure is rapidly
introduced into a system initially at low pressure.

NOTE 3  Criteria for the selection of metallic and non-metallic materials are given in ISO 15001.

5.3.2 The materials shall permit the manifold and line pressure regulators and their components to meet the
req‘ wamanta of E A 1n tha tamaarati e ram s ~F 20.°C ¢t~ . a0 °C

HFermertS-oero<ih-the CrrpTTratarcTargcoT ZU O O T OU O

NOTE Regional or national environmental conditions may require deviation from this range of temperatufes.

5.3.8 Manifold and line pressure regulators shall meet the requirements of this part,of ISO (10524 after
being packed for transport and storage and being exposed to environmental conditions as stated by the
marnufacturer.

5.3.4 Springs, highly strained components and parts liable to wear, which©ame in contact with the medical
gas|shall not be plated.

NOTE Any plating could detach from the component surface.

5.3.p* Aluminium or aluminium alloys shall not be used for<components of manifold pressure regulators
whdse surfaces come into contact with gas at cylinder pressute\in normal or single-fault condition.

5.3.p Evidence of conformity with the requirements 0f.5.3.1, 5.3.2, 5.3.3, 5.3.4 and 5.3.5 shall pe provided
by the manufacturer upon request.

5.4| Design requirements

5.4.1 Pressure gauges
5.4./1.1 If a Bourdon tube pressure gauge is used, it shall conform to EN 837-1 (except for the minimum
nominal size) and shall meet the\requirements given in 5.4.1.2 to 5.4.1.7. The requirements in 5.4.1.2 to
5.4.11.7 also apply to other types of pressure gauge.

5.4.01.2 The connector shall be a thread complying with EN 837-1 or a proprietary connector.

5.4./[.3 The indicated value of a pressure gauge shall be legible to an operator having a visugl acuity of 1
(corrected if necessary) 1 m from the gauge with an illuminance of 215 Ix.

5.4/.4 The scale of the inlet pressure gauge shall extend to a pressure at least 33 % greater than
nominal inlet pressure, P;.

NOTE A pressure gauge with a scale range of 0 to 31 500 kPa (315 bar) can be used for a pressure regulator with a
nominal inlet pressure, P, of up to 23 000 kPa.

5415 The inlet pressure gauge and outlet pressure gauge shall be class 2,5 or better in accordance
with EN 837-1:1996.

5.4.1.6 The connector for a pressure gauge with a scale range greater than 4 000 kPa shall be fitted with
an orifice with an area no greater than 0,1 mm2.

shall be provided by the
4.1.4 and 5.4.1.6 shall be

5.4.1.7 Evidence of conformity with the requirements of 5.4.1.1 and 5.
manufacturer upon request. Compliance with the requirements of 5.4.1.2, 5.4.
checked by visual inspection or measurement as required.

41.5
13,5
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5.4.2 Pressure-adjusting device

54.21

5.4.2.2

The pressure regulator shall be provided with a pressure-adjusting device.

Except for a line pressure regulator to a single terminal unit for air or nitrogen for driving surgical
tools, the pressure-adjusting device shall be designed so that it can be locked into position and adjusted only
with the use of a tool.

Compliance shall be tested by attempting to adjust the pressure without the use of a tool.

5423 Th

e pressure-adjusting device shall be captive or removable only with the use of a tool.

Compliance

5.4.24 Th
open positig

Compliance

54.2.5

pressure- relief valve opens.

Compliancs

5.4.3 Filtjation

Manifold an
than 100 pn

Evidence ofi

NOTE T

5.44 Meg

5441

nominal inle¢t pressure, P4, without rdpturing. The outlet side of a manifold or line pressure regulator sha

capable of

5.4.4.2

of the presg
held in the
retained or

The tests fg
strength for

e pressure regulator shall be designed so that the pressure regulator valve cannot be held in
n as a consequence of the pressure regulator spring being compressed to its solidength.

shall be tested by inspection.

Using the pressure-adjusting device it shall not be possible to set.a“pressure at which

shall be tested by inspection.

d line pressure regulators shall be fitted on the inlet side with a filter that prevents particles gre
h from entering the pressure regulator.

conformity shall be provided by the manufacturer upon request.

'he filter can be a separate item.

hanical strength

The inlet side of a manifold~or line pressure regulator shall be capable of withstanding x 2,2
vithstanding x 4 its nominal outlet pressure, P,, without rupturing.

ure regulator is\exposed to nominal inlet pressure P, (for instance if the pressure regulator val
open position.and the outlet connector is closed). The high-pressure gas shall either be sz

vented.

r méchanical strength of manifold pressure regulators are given in 6.2.6. The tests for mecha
lineypressure regulators are given in 6.3.3.

shall be tested by attempting to remove the pressure-adjusting device without the use of 3 tod|.

the

the

ater

— UT
o =
o @

Components of the*manifold pressure regulator shall not be ejected if the low-pressure chamber

eis
fely

hical

5.4.5 Manifold pressure regulators

5.4.5.1*

Inlet connector

The dimensions of the inlet connector shall be at the discretion of the manufacturer.

A cylinder v.

5.4.5.2

alve connector shall not be used as an inlet connector.

Outlet connector

The dimensions of the outlet connector shall be at the discretion of the manufacturer.

© ISO 2005 — All rights reserved
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5.45.3 Leakage

5.4.5.3.1 The total external leakage to the atmosphere shall not exceed 0,2 ml/min (equivalent to a
pressure decay of 0,020 2 kPa-l/min) at nominal inlet pressure P, and closure pressure P,

The test for external leakage is given in 6.2.5.1.

5.4.5.3.2 The internal leakage through the pressure regulator valve shall not exceed 1 ml/min (equivalent to
a pressure decay of 0,101 0 kPa-I/min) at nominal inlet pressure P, and test inlet pressure Ps.

The test for internal leakage is given in 6.2.5.2.

54.b6.4 Functional and flow characteristics

5.4.5.41 Standard discharge, O,

Thejstandard discharge, Oy, shall be in accordance with the value(s) stated by the fnanufacturer.

If the manifold pressure regulator is designed for a range of nominal outlet'pressures, P,, the nfanufacturer
shall specify values of standard discharge, O, for the upper and lower limjts-of the nominal outlet gressure.

Thejtest to demonstrate compliance to the manufacturer’s declared value(s) of O, is given in 6.2.1.
5.4.5.4.2 Coefficient of pressure increase upon closure, R
The| coefficient of pressure increase upon closure, R, is calctlated using the formula:

Faz Py
P2

R= (1)

The] coefficient, R, shall be less than 0,3.

Thel test for determining the coefficientof\pressure increase upon closure, R, is given in 6.2.2.
5.4.5.4.3 Irregularity coefficient, :

Thelirregularity coefficient (i)‘is/calculated using the formula:

=t (2)
Py

Thelirregularityycoefficient, i, shall fall within the limit + 0,3.

Thel test far determining the irregularity coefficient, i, is given in 6.2.3.

5.4.575 —Pressure-retiefvaive

Each manifold pressure regulator shall be provided with a pressure-relief valve which may be integral with or
separate from the manifold pressure regulator. Bursting discs shall not be used.

The pressure-relief valve shall automatically relieve excess pressure and shall reset at a pressure equal to or
above the nominal outlet pressure, P,, or the set pressure.

© 1SO 2005 - All rights reserved 7
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The leakage from the pressure-relief valve shall comply with the requirements of 5.4.5.3.1 up to a pressure of
1,6 x P, or 1,6 times the set pressure.

The discharge of the pressure-relief valve shall be equal to or greater than the standard discharge, Q4, at a
pressure of 2 P,

The pressure-relief valve shall be fitted in such a way that gas will be discharged safely.

The test for

the pressure-relief valve is given in 6.2.4.

Additional pressure relief valves may be required to protect the pipeline distribution system. See ISO 7396-1.

NOTE i
5.4.5.6*

Manifold pn
damage wh

The test for
5.45.7

Manifold pr
less than th
regulations
5.4.6 Lin

NOTE
stage distri

items.
5.4.6.1*
The dimens
A cylinder v
5.4.6.2

The dimens
5.4.6.3

5.4.6.3.1

[he pressure-relief valve need not be integral with the pressure regulator.
Resistance to ignition

essure regulators for the medical gases listed in 1.1 shall not ignite or show dnternal scorc
en subjected to oxygen pressure shocks.

resistance to ignition is given in 6.2.7.
Nominal inlet pressure

pssure regulators for all the medical gases listed in 1.1 shall have nominal inlet pressures, P,
e maximum filling pressure of the medical gas cylinder at 15.2C”as specified in national or regi

ke pressure regulators

50 7396-1 specifies the functions that are required-when line pressure regulators are installed in a d
tion system. The devices which fulfil these functions’ (e.g. pressure gauges, shut-off valves, pressure

o
t:x {arm
switches, enpergency and maintenance inlet point) can be~either integral to the line pressure regulator or be separate

Inlet connector

ions of the inlet connector shallbe at the discretion of the manufacturer.
blve connector shall not be.used as an inlet connector.

Outlet connector

ions of the outlet.connector shall be at the discretion of the manufacturer.
Leakagée

Thé_fotal external leakage to the atmosphere shall not exceed 0,2 ml/min (equivalent f{

pressure de

ning

not
bnal

ble-

(0]

cayof 0,020 2 kParl/min) at nominal inlet pressure, P4, and nominal outlet pressure, P,

5.4.6.3.2

The internal leakage through the pressure regulator valve shall not exceed 0,2 ml/min (equivalent
to a pressure decay of 0,020 2 kPa-l/min) at nominal inlet pressure, P, and at the minimum inlet pressure
specified by the manufacturer.

The tests for leakage are given in 6.2.5.

54.6.4

Outlet pressure variation limits

The outlet pressure shall not vary by more than + 0 % and — 10 % when the flow is varied from zero to O, at

the nominal

The test for

inlet pressure, P4, and at the minimum inlet pressure specified by the manufacturer.

measuring variation of outlet pressure is given in 6.3.1.

© ISO 2005 — All rights reserved
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6.5* Resistance to ignition of sealing materials and lubricants

For line pressure regulators the auto-ignition temperature of the non-metallic components in contact with the
gas at the inlet side of the pressure regulator, including the sealing materials and lubricants (if used) shall not
be lower than 200 °C. The auto-ignition temperature of the non-metallic components in contact with the gas at
the outlet side of the pressure regulator, including the sealing materials and lubricants (if used) shall not be
lower than 160 °C.

Evidence of conformity with this requirement shall be provided by the manufacturer upon request.

The_test for the determination of the auto-ignition temperature of non-metallic components is given in 6.4.

NOTE Values of the auto-ignition temperature always depend on the test method used, which\doe
simylate all possible operating conditions.

5.4.

A lipe pressure regulator for any medical gas listed in 1.1 shall not have a nominalinlet pressure,

b.6 Nominal inlet pressure

thanp 3 000 kPa.

5.5
5.5.

Con
the

Evid
5.5.

If Iu
mix

Evid

NOT

6.1

6.1.

Constructional requirements
1* Cleanliness

hponents of manifold and line pressure regulators in contaetwith the medical gases listed in 1.
Cleanliness requirements of ISO 15001.

ence of conformity with this requirement shall be previded by the manufacturer upon request.
P Lubricants

bricants are used, they shall be compatible with oxygen, the other medical gases listed in 1
ures in the temperature range specified’ in 5.3.2.

ence of conformity with this requirement shall be provided by the manufacturer upon request.

E Attention is drawn togAnnex D of ISO 15001:2003.

Test methods
Conditions

1 General

Th

atactc ara tvuna tactc
A oot <

5 not exactly

Py, greater

shall meet

1 and their

TTotT Y PTtCOtoT

6.1.2 Ambient conditions

Except where otherwise stated, carry out tests at ambient conditions.

6.1.3 Test gas

In all cases carry out tests with clean, oil-free air or nitrogen with a maximum moisture content of 50 ug/g
corresponding to a dewpoint of — 48 °C at atmospheric pressure.

© 1SO 2005 - All rights reserved
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When a pressure regulator is tested with a gas other than that for which it is intended, the flows shall be
converted using the conversion coefficients given in Table 2.

Table 2 — Conversion coefficients

Conversion coefficient

Intended gas 2

Test gas air Test gas nitrogen
Air 1 0,98
Oxygen 0,95 0,93
Nitrogen 1,02 1
N,O 0,81 0,79
Co, 0,81 0,79
Oxygen from an 0.95 0,93

oxygen concentrator

a

Flow of intended gas = Flow of test gas x conversion coefficient.

6.1.4 Reference conditions

Correct flows to 15 °C and 101,3 kPa.

6.1.5 Test equipment for functional and flow characteristics

Construct the test equipment in such a way that the inlet.ahd outlet pressures may be regulated separately.
The equipnment may be operated by remote control. Ensure that the gas supply for the nominal inlet presgure,
P,, and theftest inlet pressure, P53, has sufficient capagity for the test.

Ensure thaf all the components of the test equipment have a flow capacity greater than that of the pressure

regulator to|be tested.

6.2 Testimethods for manifold pressure regulators

6.2.1 Tes} method for determining standard discharge, O,

The equipnjent for this test'is’shown in Figure 1. The gas can be supplied from a buffer cylinder.

10
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Q /o 0’0 ;

Key|

a b WON -

Set
any
set

Figu
givg
to P

Thig
The

6.2.

A
 J

auxiliary pressure regulator 6  pressure-adjustingdeyice
gas supply 7  flow control valye

buffer cylinder 8 flowmeter

calibrated pressure gauges 9  thermometer

pressure regulator under test

Maximum 1 m.

Figure 1 — Equipment for performance and functional tests

and hold constant the test inlet pressure, P5, by means of an auxiliary pressure regulator (1 in
equivalent device. Using the pressure-adjusting device (6 in Figure 1) on the pressure regulatg
the outlet pressure to the-manufacturer’'s upper value of P,. Gradually open the flow contro
re 1) until the manufacturet’s upper value of standard discharge, O, (taking into account the
n in Table 2) is attained/on the flowmeter (8 in Figure 1). If the outlet pressure has decreased
b and re-adjust the flow to 04. Lock the pressure-adjusting device.

test shall bedgarfied out at the minimum and maximum limits of P, and O, specified by the ma

values _recorded shall be in accordance with the manufacturer’s specification.

R . Test method for determining the coefficient of pressure increase upon closure, R

Figure 1) or
r under test,
valve (7 in
corrections
re-adjust it

nufacturer.

Use the test equipment shown in Figure 1. This test is carried out with the pressure regulator set and locked as
described in 6.2.1

Apply pressure P53 to the inlet of the pressure regulator being tested (5 in Figure 1). Adjust the flow to 0,
(taking into account the corrections given in Table 2), using the flow control valve (7 in Figure 1). Stop the flow
by closing the flow control valve (7 in Figure 1). Allow the outlet pressure to stabilize for 60 s and record the value

P,

Determine the value of the coefficient of pressure increase, R.

This test shall be carried out at the minimum and maximum limits of P, and O, specified by the manufacturer.

© 1SO 2005 - All rights reserved
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6.2.3 Tes

t method for determining the irregularity coefficient, i

The equipment for this test is shown in Figure 2. Ensure that sufficient gas is available in the gas supply to be
able to complete the test in one session.

A
 J

Key

1 auxiliary
2 primary
3 calibrate]
4  pressurg

a  Maximum 1 m.

For the de
(see Figure

Equip the
Unlock the
regulator in
valve (6 in
corrections

\

1 2
gas cylinder 5 pressure-adjusting device
has cylinder 6 flow controkvalve
d pressure gauges 7 thermameter
regulator under test 8 flowmeter

Figure 2 — Equipment for determination of pressure characteristics

termination of the_drregularity coefficient, i/, and correct mechanical functioning, plot a c
5 3 and 4). The cdrve indicates the variation of outlet pressure as a function of the inlet pressur

ressure regulator under test (4 in Figure 2) with two calibrated gauges or recording equipm
pressure<adjusting device on the pressure regulator under test. Apply pressure P, to the pres
et. Operate the pressure-adjusting device on the pressure regulator under test and the flow co
Figure2) to obtain the standard discharge, Q4 at the outlet pressure, P, (taking into account
given in Table 2). Lock the pressure-adjusting device.

urve
e.

ent.
sure
htrol
the

Record the values of the inlet and outlet pressures whilst the inlet pressure is varied through the range

Py to Ps.

Plot the values of the inlet and outlet pressure. The graph should be a curve, either rising to a maximum

(see Figure

3) or falling (see Figure 4).

From the graph determine the value of Ps that is the highest (see Figure 3) or the lowest (see Figure 4) value
of the outlet pressure during the test in which the inlet pressure was varied from P, to Ps.

Determine the value of the irregularity coefficient, i.

12
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Q”
P1 P3 0
Key|
X nlet pressure
Y putlet pressure
Figure 3 — Typical rising pressure characteristic
YA
P
P,
A
Q’
P1 'D3 0 X

Key
X inlet pressure
Y outlet pressure
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Figure 4 — Typical falling pressure characteristic
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6.2.4 Test method for pressure-relief valve

Apply an increasing pressure through the outlet connector up to a pressure of 1,6 x P,. At this pressure the
leakage from the pressure-relief valve shall comply with the requirements of 5.4.5.3.1. Then increase the
pressure until the pressure-relief valve opens. Note this pressure. Increase the pressure to 2 x P,. At this
pressure measure the discharge of the pressure-relief valve. The discharge shall be equal to or greater than
0. Decrease the pressure and check that the pressure-relief valve reseats at a pressure equal to or above

the nominal

outlet pressure P, or the set pressure.

For this test the value of P, shall be the upper limit of the range of P, specified by the manufacturer.

6.2.5 Tes

6.2.51 B

Measure th
Py, with thej

For this tes

6.2.5.2 |

Measure th
pressure ar

Repeat the

For this tes
6.2.6 Tes

6.2.6.1 H
Ensure thaf]

Replace the
regulator to

Verify that t

6.2.6.2 L

6.2.6.2.1
shall be in

l methods for leakage

xternal leakage

e external leakage of the pressure regulator at the nominal inlet pressure, P, andclosure pres
outlet plugged.

the value of P, shall relate to the upper limit of P, specified by the manufagturer.

hternal leakage

e internal leakage at the nominal inlet pressure, P,, with thepressure-adjusting device set to
d the outlet open.

test at the test inlet pressure, P5.

the value of P53 shall relate to the lower limit of P5'specified by the manufacturer.
t method for mechanical strength
ligh-pressure side

the pressure-adjusting device is set to zero pressure.

high-pressure gauge, with;a plug. Hydraulically pressurize the high-pressure side of the pres
x 2,25 its nominal inlet-pressure, P, for 5 min.

he requirements.6f5.4.4.1 are met.

ow-pressure-side

Thisstest shall be carried out on the complete pressure regulator. The pressure regulator v
the fully open position and the outlet(s) plugged throughout the test. Rapidly apply a pneunt

pure,

rero

pure

alve
atic

pressure of]

P7.to the inlet of the pressure requlator.

Verify that the requirements of 5.4.4.2 are met.

6.2.6.2.2

Replace the pressure-relief valve and outlet pressure gauge, if fitted, with plugs. If necessary, in
order to hold the test pressure, replace the diaphragm with a blank. Pressurize the outlet chamber of the
pressure regulator to x 4 times its nominal outlet pressure, P,, for 5 min.

For this test the value of P, shall be the upper limit of P, specified by the manufacturer.

Verify that the requirements of 5.4.4.1 are met.

14
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6.2.7 Test method for resistance to ignition

Expose a pressure regulator to pressure shocks from industrial oxygen (minimum 99,5 % purity and
hydrocarbons less than or equal to 10 ug/g) through the inlet connector. The test equipment is shown in
Figure 5. Before starting the test the test pressure regulator shall be at room temperature.

Apply a pressure shock by increasing the pressure from atmospheric pressure to the test pressure in a time of
20 fg ms measured upstream (at 10 in Figure 5) of the pressure regulator under test. Use an initial test
pressure of x 1,2 nominal inlet pressure, P,, at 60 °C % 3 °C. During the test the inlet (test) pressure shall not
decrease by more than 3 %.

Apply to the pressure regulator under test a series of 20 pressure shocks at intervals of 30 s with_the pressure
regulator valve fully open and the outlet closed.

Aftdr each pressure shock maintain the test pressure for 10 s and then bring the pressure\back to atmospheric
pregsure by means of the upstream outlet valve (5 in Figure 5) and hold at atmospheri¢ pressure for at least
3 s [see Figure 6).

Aftdr the test has been completed, dismantle the pressure regulator under test and inspect all internal parts
and|areas for damage (e.g. evidence of ignition or scorching).

Regeat this test on two additional pressure regulators.

NOTE This test method is derived from 1ISO 7291.

Dimensions |n millimetres

750
QP

L 10

(@]
~J

/

Key

1 oxygen supply 6 connection tube with internal diameter of 14 mm
2 inletvalve 7  pressure regulator under test

3 vessel with device for pre-heating oxygen to 60 °C +3°C 8 pressure transducer

4  quick opening valve 9 thermometer

5 outlet valve 10 measuring point

Figure 5 — Test bench for ignition test on manifold pressure regulators
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1,2P

-

Key
1 nextpre

6.3 Test

6.3.1 Tes

20 -5 ms

10

A

 J
A

Y
A

30

 J

A

bsure shock

Figure 6 — Test.interval

methods for line pressure regulators

t method for measuring the variation of the outlet pressure

 J

The equipment for this test is shown jin“Figure 1. The pressure regulator under test (5in Figure 1) car

supplied by
pressure re

With the fl
manufactur,
04, is attair
position. St
the flow is

At the sam
lowest outlg

a buffer cylinder (3 in Figure 1). Hold the upstream pressure constant by use of an auxi
julator (1 in Figure 1) or.any equivalent device.

pw control valve~(/-in Figure 1) closed, apply the minimum inlet pressure specified by
er. Set the outletpressure to P,. Gradually open the flow control valve until the standard dischg
ed. Readjust(the” outlet pressure to P, if necessary and lock the pressure-adjusting device in
bp the flow by closing the flow control valve. Record the highest and lowest outlet pressure w
aried from.zero to Q.

e setting of the pressure-adjusting device, apply an inlet pressure of P,. Record the highest

be
iary

the
rge,
this
hilst

and
han

t pressure whilst the flow is varied from zero to 0. Verify that the lowest pressure is not less

90 % of the highest pressure.

This test shall be carried out at the upper and lower limits of P, specified by the manufacturer.

6.3.2 Test methods for leakage

6.3.2.1

External leakage

Measure the external leakage of the pressure regulator at the nominal inlet pressure, P4, and outlet pressure,
P,, with the outlet plugged. For this test the value of P, shall be the upper limit of P, specified by the
manufacturer.

Verify that the leakage does not exceed 0,2 mi/min.

16
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Internal leakage

Measure the internal leakage at the nominal inlet pressure, P4, with the pressure-adjusting device set to zero
pressure and the outlet open. Repeat the test at the minimum inlet pressure specified by the manufacturer.

Verify that the leakage does not exceed 0,2 mil/min.

6.3.3 Test method for mechanical strength

6.3.3.1

High-pressure side

Ens
with
pres

Ver

e that the pressure-adjusting device IS Set 1o Zero pressure. Replace the miet pressure gag
a plug. Hydraulically pressurize the high-pressure side of the pressure regulator to x 2,25its.
sure, Py, for 5 min.

fy that the requirements of 5.4.4.1 are met.

ge, if fitted,
ominal inlet

6.3..2 Low-pressure side
6.3..2.1  This test is carried out on the complete pressure regulator. The(pressure regulator vdlve shall be
in the fully open position and the outlet(s) plugged throughout the test. Rapidly apply a pneumatic|pressure of

P4 tp the inlet of the pressure regulator.

Verify that the requirements of 5.4.4.2 are met.

6.3.8.2.2 Remove the pressure-relief valve and outlet pressure gauge, if fitted, and replace with plugs. If
necgessary to hold the test pressure, replace the diaphragm:with a blank. Pneumatically pressurize the outlet
chamber of the pressure regulator to x 4 its nominal outletpressure, P,, for 5 min.

Verify that the requirements of 5.4.4.1 are met

Forlthis test the value of P, shall be the upper limit of P, specified by the manufacturer.

6.4| Test method for determination-of the auto-ignition temperature of sealing materials and
lubficants

Megsure the auto-ignition temperature of the non-metallic materials including sealing materials and lubricants

(ifu
Plad

nicKel steel cladding. To obtain large reactive surfaces, coat liquids as well as pasty substance

cerg
(sed
120
mor
cha
and

5ed) using the apparatus sfiown in Figure 7.

e finely divided test material in quantities of about 0,3 g to 0,5 g into a stainless steel tube wit

mic material. Eill)the gas-tight tube containing the sample, with oxygen at a specifie
NOTE 2) andythen inductively heat it, using a low frequency heater in an approximately linear
°C/min. Manitor the temperature of the sample as a function of time by use of a thermo
itor the fressure using a pressure transducer. Record both pressure and temperature u
hnel recorder. The point at which spontaneous ignition occurs is denoted by a sudden rise in {

h a chrome-
5 on fibrous
d pressure
manner, at
couple, and
5ing a dual
emperature

pressure. The auto-ignition temperature and the corresponding final oxygen pressure can b

T seen from

the feceord (see Figure 8).

NOTE 1 Auto-ignition temperatures in compressed oxygen can generally be reproduced with variations of £ 5 °C in the
range up to 200 °C. Variations of about + 10 °C and in some cases even higher, are known to occur in the range from
200 °C to 500 °C. Usually five tests at the same pressure are performed.

NOTE 2  Data on auto-ignition temperatures of non-metallic materials depend upon the test method and there are
differences in the values obtained by different test laboratories. The measurement of the auto-ignition temperature of non-
metallic materials is typically carried out at a pressure of 4 000 kPa and data are unavailable for pressures of 1 400 kPa.
The typical relationship is that the auto-ignition temperature of non-metallic materials decreases with increasing oxygen
pressure to an approximately constant value above pressures of 4 000 kPa. However, it is known that this typical
relationship is not evident with some non-metallic materials. Care should therefore be taken to investigate the properties of
new non-metallic materials that may be used for oxygen service.
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N

A==
7(_%-E'F'< i

Key

1 pressurg transducer 5 reaction vessel
2 valve 6.“"test sample

3 oxygen supply 7/ thermocouple
4 inductivg heater

Figure T — Equipment for determining the autoignition temperature of non-metallic components

6.5 Test method for durability of markings and colour coding

Rub markings and colour coding by hand, without undue pressure, first for 15 s with a cloth rag soaked with
distilled water, then for 15 s with a cloth rag soaked with ethanol and then for 15 s with a cloth rag soaked with
isopropanol.
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350

300

250

200

150

100

50

1 2 3 L X
Key|
X fime (min)
Y pressure/temperature
1 femperature (°C)
2 pressure (kPa/100)
3 puto-ignition temperature

Figures8~— Typical record of an auto-ignition temperature determination in compressed pxygen

7 Marking, colour coding, packaging

7.1 Marking

7.1.1 Manifold and line pressure regulators shall be durably and legibly marked with the symbol of the
relevant gas in accordance with Table 3. The test for the durability of markings is given in 6.5.

NOTE In addition to the symbol, the name of the gas can be used.

7.1.2 In addition to the requirements of 7.1.1, the pressure regulator shall be marked with the following:
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a) the name and/or the trademark of the manufacturer or distributor;

b) the model or type designation;

c) means to ensure traceability such as type, batch or serial number or year of manufacture;
d) the nominal inlet pressure, Py;

e) for manifold pressure regulators the designation 'HP' at all ports connected to inlet pressure;

f) an arrow showing the direction of the flow.

Table 3 — Medical gases, marking and colour coding

Name Symbol Colour, coding @

Oxygen 0, White P
Nitrous oxidp N,O Blue °

Air for breathing Air © Black-white ?
Air for driving surgical tools Air-800 Black-white ?
Nitrogen for|driving surgical tools N,-800 Black ?
Carbon dioxjde Co, Grey P
Oxygen from an oxygen concentrator Under consideration Under consideration
Mixture oxygen/nitrous oxide 0O,/N>O White-blue P

a8  See Ann

b In accorg

¢ National

ance with ISO 32.

languages can be used for air.

ex C for regional and national deviations of colour coding'and nomenclature for medical gases.

7.1.3 Pressure gauges shall be marked'with the following:
a) name gnd/or trademark of the'manufacturer and/or distributor;
b) the words “USE NO OIL?orthe symbol shown in Figure 9;
c) the unifs of pressure.
-
]
|

7.2 Colo

Figure 9 — Symbol for “use no oil” (Application of ISO 7000-0248)

ur coding

7.21 If colour coding is used, it shall be in accordance with Table 3 or regional or national standards.

NOTE Annex C shows regional and national deviations of colour coding and nomenclature for medical gases.

20
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7.2.

7.3

7.3.
and

ISO 10524

2 Colour coding shall be durable. The test for the durability of colour coding is given in 6.5.

Packaging

-2:2005(E)

1 Manifold and line pressure regulators and spare parts shall be sealed to protect against contamination

packaged to prevent damage during storage and transportation.

7.3.2 Packages shall provide a means of identification of the contents.

8

8.1
tech
acc

8.2
cert

Inst
with
and
inst
the

of
abb

Parficular attention shall be given to the following safety-related items:

8.3
rang

nf G to ted-bv-tt f
Manifold and line pressure regulators shall be accompanied by documents containing
bmpanying documents shall be regarded as a component part of pressure regulators:

Instructions for installation shall make reference to the procedures for(testing, commis
fication given in ISO 7396-1.

fuctions for use shall contain all information necessary to operate the-pressure regulator in

its specification and shall include an explanation of the function ef\controls, the sequence
connection and disconnection of detachable parts and accessories. Instructions for use shall ¢
uctions for the safe performance of cleaning, inspection and.preventive maintenance to be p
pperator or by authorized persons, and shall indicate the recommended frequency of such act
ecommended spare parts shall be provided. The meaning*of figures, symbols, warning stat
reviations on the pressure regulator shall be explained.in‘the instructions for use.

the danger of fire or explosion arising from the use of lubricants not recommended by the man
the danger of fire or explosion arisingfrom oxygen pressure shocks;
the danger which can arise from.changing the setting of the pressure-relief valve;

the danger of fire arising.from allowing the pressure regulator to come into contact with oils,
other combustible substances.

The performance.6f'the manifold and line pressure regulators shall be stated by assigning vi
je of inlet pressure, to the range of nominal outlet pressure, P,, and to the related standard disq

at least a

nical description, instructions for installation and use and an address to which theyusér can refer. The

sioning and

accordance
bf operation
ive detailed
prformed by
vities. A list
ements and

ufacturer;

greases or

alues to the
harge, 0,.
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Annex A
(informative)

Examples of pressure regulators

Figures A.1 and A.2 provide examples of pressure regulators.

D |
6
L

N

i —
3 — = R
——
J NC /\;S 8 [

i
.
i
@)
o

Key

1 cover 8 outlet port

2 body 9 diaphragm

3 filter 10 pressure regulator spring
4  inlet port 11 pressure-adjusting device
5 inlet pressure gauge 12 pressure-relief valve

6 outlet pressure gauge

7 pressure regulator valve

Figure A.1 — Diagram of a typical manifold pressure regulator
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