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Introduction

The measurement and monitoring of the level of oxygen presentin &
has become a common practice in many areas of clipical medicin
anaesthesia, respiratory therapy, paediatrics, and intensive care. A
are currently available which are intended for these, applications.
Standard establishes minimum safety requirements based on par|

gaseous mixture
e. These include
ariety of devices

This International

hmeters that are

believed to be achievable within the limitationsof existing technology.

Annex N contains a rationale for the #nost important requirements
provide additional insight into the €easoning that led to the requi
ommendations that have been incorporated into this International St
contains a bibliography of othér pertinent literature.

it is included to
ements and rec-
landard. Annex P
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INTERNATIONAL STANDARD

ISO 7767 : 1988 (E)

Oxygen analyzers for monitoring patient breathing

mixtures — Safety requirements

1 Scope

ISO 7767 is ¢ne of a series of International Standards based on
IEC 601-1:1977; in |EC601-1:1977 (the “General
Standard”), [this type of International Standard is referred to as
a “Particular Standard”. As stated in 1.3 of IEC 601-1 : 1977,
the requirdments of this International Standard take
precedence pver those of IEC 601-1 : 1977.

The scope pnd object given in clause 1 of {EC 601:1()1977
applies except that u shall be replaced by the following.

This Intdrnational Standard specifies safety\requirements
for oxygen analyzers, as defined in 3.8 {in this International
Standard) intended for use in determining the oxygen level
in breathing gas mixtures adminiStered to patients. Both
sampling and non-sampling oxygen analyzers are covered.

The field of|application includes, but is not limited to,
a) anaTthetic machines and breathing systems;
b) ventl

ators;

c) baby inCubators;

Section 1 : General

agreements, based on this International | Standard are
encouraged to investigate the possibility of applying the most
recenteditions of the standards listed below. Members of IEC
and. ISO maintain registers of currently valjd International
Standards.

ISO 5356-1 : 1987, Anaesthetic and respiratory equipment —
Conical connectors — Part 1 Cones and sockets.

ISO 5356-2 : 1987, Anaesthetic and respiratory equipment —
Conical connectors — Part 2 : Screw-threaded weight-bearing
connectors.

IEC 79-3 : 1972, Electrical apparatus for |explosive gas
atmospheres — Part 3 ; Spark test apparatus |for intrinsically-
safe circuits.

IEC 79-4 : 1975,
atmospheres —
temperature.

Electrical apparatus for
Part 4 :

explosive gas
Method of teqt for ignition

|EC 601-1 : 1977, Safety of medical electrical equipment —
Part 1 : General requirements.

d) oxygen concentrators {domiciliary or clinical).

Oxygen analyzers intended for use in laboratory research
applications are outside the scope of this International
Standard.

2  Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to

3 Definitions

For the purposes of this International Standard, the definitions
given in clause 2 of IEC 601-1 : 1977 apply together with the
following additional definitions.

3.1 alarm: Warning signal that is activated when the oxygen
reading reaches or exceeds the alarm limit.


https://standardsiso.com/api/?name=3b593b39eb324d9a8f0eb39baa200dfb

ISO 7767 : 1988 (E)

3.2 alarm limit: Oxygen reading at which the alarm is first
activated.

NOTE — This occurs either when
a) a decreasing oxygen level reaches the low alarm limit;

b} an increasing oxygen level reaches the high alarm limit.

3.3 alarm set-point: Alarm limit adjustment control or
display value which indicates the oxygen reading at which the
alarm will be activated (the indicated alarm limit).

NOTE — Dependj o actiorrard-desigrro z
the alarm limit and alarm set-point may differ from each other.

3.4 alarm system: Those parts of the oxygen analyzer
which

a) establish the alarm limit(s);

b) detect when the indicated oxygen level exceeds the
alarm limit(s);

c) provide L warning signal when the alarm limit(s} is (are)
exceeded.

3.5 caution [signal: Indication meaning that caution or
prompt action i§-required.

NOTE — Exampl
tery power in a 1}
tivated.

3.6 display:
qualitative infor|

3.7 interferel
ence between t
fering gas mixt
mixture in whic
replaced by nitr]

s of such a condition are a change from mains to bat-
hains-operated device, or the battery test mode ac-

Device that visually indicates quantitative or
Mmation.

hce with measurement accuragy: Differ-
he oxygen reading in the presence.of an inter-
re and the oxygen reading in-a-corresponding
the interfering gas or vapour fraction has been
pgen.

3.8 oxygen jlnalyzer: Devicecthat measures and indicates

the oxygen lev

in a gaseous fmixture.

3.9 oxygen level: Concentration of oxygen in a gaseous

mixture.

NOTE — This ma

y be-expressed in any suitable unit such as percent by

3.13 response time: Time required for the oxygen analyzer
to achieve a 10 % to 90 % response to a step change in oxygen
level.

3.14 sensing area: Part of the oxygen analyzer that is in
direct contact with the gas mixture of which the oxygen level is
to be measured.

NOTE — An example of such a part is the membrane surface of an
oxygen-sensing electrode.

315 she g+—Psriod-during-which-the-exyge analyzer or
any of its' components are stored in its origingl container
according to the accompanying documents:

ance of an oxygen analyzer or any,of\its components meets the
requirements of this International\Standard, when used and
maintained according to the.accompanying documents.

3.16 useful life: Period of time during which ihe perform-

3.17 expected useful" life: Period during | which the
performance of an oxygen analyzer or any of its cdmponents is
expected to meet'the requirements of this Interngtional Stan-
dard, when used{and maintained according to the pccompany-
ing documents.

3.18.(warning signal: Indication of danger, meaning that
urgent action is required. :

4 General requirements and general
requirements for tests

Test methods other than those specified in this |nternational
Standard but of equal or greater accuracy may be used to verify
compliance with the requirements of this International Stan-
dard. However, in the event of a dispute, the methqds specified
in this International Standard shall be used as the reference
methods.

The requirements given in clauses 3 and 4 of IEC §01-1 : 1977
apply except for the following addition:

In ﬁ, add the following:

— at 20 °C if the tests are to be carried out at pny nominal
temperature within the operating temperature fange of the

volume or partial pressure in kPa {(or mmHg).

3.10 oxygen reading: Measured oxygen level as indicated
by the oxygen analyzer.

3.11 partial pressure: Pressure that each gas in a gas mix-
ture would exert if it alone occupied the volume of the mixture
at the same temperature.

3.12 percent (V/V) oxygen (or other gases): Level of
oxygen (or other gas) in a mixture, expressed as a percentage
volume fraction.

OXygen analyzer,

— unless otherwise specified in individual test methods,
with- dry test gas mixtures that have a relative humidity
below 2 %;

— at ambient atmospheric pressure.

NOTES
1 Room air is considered to be 20,9 % oxygen.

2 Care should be taken to ensure that room air used for testing is
not contaminated, e.g. from exhaust ducts, etc., and has a relative
humidity below 95 %.
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5 Classification

The requirements given in clause 5 of IEC 601-1 : 1977 apply.
NOTE — Oxygen analyzers used in the home (for example, to monitor
oxygen concentrators) should be designated as Class Il equipment due

to the fact that the protective earthing in many homes may be inad-
equate or nonexistent.

6 Identification, marking and documents

The requirements given in clause 6 of IEC 601-1 : 1977 apply

ISO 7767 : 1988 (E)

NOTE — Markings related to controls should be visible and/or legible
to an operator having a visual acuity (corrected if necessary} of at
least 1 when the operator is 1 m in front of the oxygen analyzer at an
illuminance of 215 lux. Markings should be clearly identified with their
associated displays or visual indicators.

e} In 6.7, replace item a) by the following:
If visual indicators are used on the oxygen analyzer, with the
exception of alphanumeric displays, their colouring shall

conform to the following requirements:

1) _Red shall be 1ised to indicate to the operator that the

except for tr]rmmwmmm H
a) In §_1 rgplace item d) by the following:

If the sizel of the oxygen analyzer does not permit the com-
plete marking as specified throughout this clause, at least
the following shall be marked on the oxygen analyzer: the
name of the manufacturer; a serial number or lot or batch-
identifyinl number; and symbol number 14 in table D.1 of
IEC 601-1|: 1977.

b) In 6.1, afd the following to item f):

Oxygen analyzers shall be marked with a serial number or
other lot pr batch-identifying number.

[22]

c) In 6.1, afld the following to item g):

[+)]

Oxygen apalyzers shall be marked with the words ““Not for
use in brgathing systems”, if applicable (see clause 62.1).

d) in

(=]

.1, agd additional items as follows:

I

y) marking on the outside of the oxygen analyzershall ad-
ditionally linclude the following:

— for oxygen analyzers not intended-for use with
inhalagjon anaesthetic agents, the phrase “’Not for use
with iphalation anaesthetic agents’, Jif applicable (see
clause|60.1).

— a|statement that the/operator should see the ac-
compgnying documents for the effect of moisture on
accurdcy, if applicable:

— symbol number 14 in table D.1.

— the words “Will not withstand mechanical shock”’,
if appljcable (see clause 21.1), and symbol number 14 in

oxygen analyzer or a portion of it has falled.

2) Flashing red shall be used to6.denotq an emergency
condition requiring an immediate response by the
operator. . :

3) Yellow shall be used to denote a cordition in which
there is need for caltion or re-check, pr in which an
unexpected delay is experienced.

4) Green’shall be used to indicate tHat the oxygen
analyzer is/ready for use or in normal operation.

5}. “Blue shall be used only as an advisory indicator.
The function of all lights and displays shall pe marked.

Compliance shall be checked by functional test and inspec-
tion.

NOTE — Visual indicators and their associated markings should be
visible and/or legible to an operator having visual facuity {corrected
if necessary) of at least 1 when the operator is lodated 1 m in front
of the oxygen analyzer at an illuminance of 215 Ilix.

f) In 6.8.2, add the following to jtem a):

The instructions for use shall additionally include the follow-
ing information:

1) A description of the purpose and intended use of the
oxygen analyzer.

2) A description of the principles of operation of the
oxygen analyzer, including the relationship between gas
concentration and its partial pressure anfl the effects of
humidity.

table D71

— the alarm set-point of the oxygen level, if the oxy-
gen analyzer is provided with a non-adjustable oxygen
level alarm.

z) the following shall either be marked on the body of the
oxygen analyzer or be permanently attached to the oxygen
analyzer:

— abridged operating instructions which shall include
an indication of the period of time necessary, following a
change in oxygen level, for the oxygen reading to
stabilize. :

3} A detailed specification, including the following:
— the oxygen level measurement range and the ac-
curacy of measurement (see clauses 50.3, 50.4 and
50.5); o

— the stability of measurement accuracy (see
clauses 50.6 and 50.7);

— the response time (see clauses 50.8 and 50.9);

— the oxygen level alarm range and its accuracy
(see clauses 50.10, 50.11 and 50.12);
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— the operating and non-operating temperature
ranges (see clause 61);

— for sampling-type oxygen analyzers, the gas
diversion rate (see clause 63.3);

— power requirements;

— time from switching on to obtaining specified
operating performance.

compartment) necessary for correct operation and on-

site servicing by the user.

7) Instructions for operation of the oxygen analyzer, in-

cluding the following:
— pre-use checking and calibration;

— routine inspection and testing;

— recommended methods for cleaning and

disinfection or sterilization.

‘4) Detdjls of any effect on stated function due to the
following:

— Humidity or condensation including, for example,
any adverse effects if an adaptor is provided to im-
provel the function of the sensor in the presence of
condénsation or particulate water (see clause 44.5);

— interfering gases or vapours {see clause 60);
— mechanical shock (see clauses 21.1 and 21.2);
— dyclic pressure (see clause 62);

~— Barometric pressure or pressure at the site of use
of thg oxygen analyzer;

— fluctuations in line or battery voltage;

— dgeing of the oxygen sensor or of the oxygen
analyzer itself (see clause 64).

NOTE — If the oxygen level is displayed in units of oxygen con-
centration, the accompanying documents should\ contain an
explanatidn that readings in concentration units'gre correct only
under the|pressure at which the oxygen amalyzer is calibrated.

5) The |expected useful life-of the oxygen sensors, if
they are| intended to be-réplaced during the useful
lifetime ¢f the oxygen analyzer. The useful life shall be
stated ag the number of hours, days, or months of con-
tinuous Yse in dry, 400'% (V/ V') oxygen at 23 °C during
which the oxygen:ahalyzer meets the requirements given
in 50.3, §0.5,50.6'and 50.8 of this International Standard
(see clause64).

8) A description of an in-service test usin
the calibration gas.

9) lllustrated service information, includin

Instructions for preventive maintenancg
calibration, and those-adjustments that §
to maintain the oxygen analyzer in corr:
conditions, asywell as a description
justments{and replacements that can H
by the ©perator.

10), . Andescription of the correct installatio

g room air as

g:

and service
re necessary
bct operating
bf those ad-
e performed

h of the oxy-

gen analyzer and the connection of the oxygen sensor or

sampling tubing. The maximum permissibl
separation between the oxygen analyzer an
area shall be stated.

e distance of
i the sensing

NOTE — If the oxygen analyzer requires a sgnsor cable or

sampling tubing for connection from the oxygen
sensing area, the cable or tubing should be of s
to reduce the likelihood of its being elongated be
limit and being stressed at the connection point
that the sensor cable becomes disconnected, thi
dicated by an alarm.

11)  Unless it can be demonstrated that
analyzer is not susceptible to electron
terference, a warning statement in the ing
use to the effect that the function of the ox
may be adversely affected by the opera
equipment as high frequency apparatus, s
micro-wave equipment in the vicinity.

analyzer to the
fficient length
ond its elastic
. In the event
b should be in-

the oxygen
hagnetic in-
tructions for
gen analyzer
ion of such
hort-wave or

12) If the lowest temperature that the oxygen analyzer
can withstand during transport is higher than — 40 °C
and/or if the highest temper en analyzer

NOTES

1 Other operating conditions may also be used as a basis for
useful life.

2 The shelf life of oxygen sensors should be stated.

3 The expected useful life of other expendable components of
the oxygen analyzer, for example batteries, should be stated
under specified conditions of use.

6)  Anillustration of the features of the oxygen analyzer
indicating the location of all operating controls, ad-
justments and system components (e.g., the battery

can withstand during transport is lower than 70 °C, the
recommended temperature shali be stated in the ac- .
companying documents and the transport package shall
be printed with a notice indicating the restrictions on
temperature during transport.

NOTE — Attention is drawn to the bibliography given in
annex P.

7 Power input

The requirements given in clause 7 of IEC 601-1: 1977 apply.
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Section 2 : Safety requirements

8 Basic safety categories

The requirements given in clause 8 of IEC 601-1 : 1977 apply.

9 Removable protective means
The requirements given in clause 9 of IEC 601-1 : 1977 apply.

10 Special environmental conditions

12 Single fault condition

The requirements given in clause 12 of IEC 601-1 : 1977 apply
with the following addition:

Applicable single fault conditions are short and open circuits
of the sensor and associated circuitry which

The requirerhents given in clause 10 of IEC 601-1 : 1977 apply.

11 Special measures with respect to safety
The requirements given in clause 11 of IEC 601-1 : 1977 apply.

13 General

The requirements given in clause 13 of IEC 6011 : 1977 apply.

14 Requiirements related-to-classification

The requirements given in clause-14 of IEC 601-1 : 1977 apply.

16 Limitation of voltage and/or current

The requirements given in clause 15 of IEC 601-1 : 1977 apply.

Section 3 : Protection against electric shock hazards

— ___cause S[}a[ks [Q QCCuUr, or
— increase the energy of sparks;.or

— increase temperatures;

18 Earthing and potential equalization

The requirements given in clause 18 of IEC 60[1-1 : 1977 apply.
See also clauses 19 and 39.3.

19 Continuous leakage currents and patient
auxiliary currents

The requirements given in clause 19 of IEC 6(1-1 : 1977 apply
except as follows:

In item e}, add the following:

16 Enclosures and protective covers

The requirements given in clause 16 of IEC 601-1 : 1977 apply.

17 Insulation and protective impedances

The requirements given in clause 17 of IEC 601-1 : 1977 apply
together with the following additional item:

g) Deterioration of parts due to anaesthetic agents and
oxygen should be taken into account.

The patientleakage current shall be measufed at the follow-
ing positions:

— for non-sampling (continuous monitoring) oxygen
analyzers, at the oxygen sensor;

— for sampling {intermittent) oxygen analyzers, at the
junction of the sampling tubing and the body of the oxy-
gen analyzer.

20 Dielectric strength

The requirements given in clause 20 of IEC 601-1 : 1977 apply.


https://standardsiso.com/api/?name=3b593b39eb324d9a8f0eb39baa200dfb

ISO 7767 : 1988 (E)

Section 4 : Protection against mechanical hazards

21 Mechanical strength

The requirements given in clause 21 of |IEC 601-1 : 1977 are
replaced by the following:

21.1 Free-standing oxygen analyzers

Such oxygen analyzers (that is, those not manufactured as an
integral, inseparable component of a larger system) and all

— that the shape of the shock pulse is in accordance with
figure 1;

— that the oscillogram. of the shock pulse includes a time
approximately 33 ms (3 D) long;

— that the acceleration amplitude {4) of the ideal half-
sine pulse is 300 m/s2 (30 x gravity) and its duration (D) is
11 ms;

that-the-measwed-accelerationpulse-is—contained be-

separable components, such as oxygen sensors shall either:

a) meet the requirements given in 50.3 and 50.8 and, if ap-
plicable 50.10, 50.12 and 50.13; electrically live parts shall
not be accessible, compliance being checked by the test
given in 21.2; or

tween the broken line boundaries shown in(figure 1;

— that the measured velocity change, (which| may be ob-
tained by integration of the acceleration pulse) [is within the
limits V; £ 0,1 V;, where the velocity change associated
with the ideal pulse is:

b) be mar

d with the warning to the effect that it does

not meet this requirement (see 6.1), with a similar warning

appearing in|

21.2 Testm

the accompanying documents.

ethod

21.2.1 Princigle

Determination

bf the accuracy of the oxygen reading, the

response time 1nd, if applicable, the alarm accuracy after the
e

oxygen analyz
jected to a mec|

and all separable components have been sub-
hanical shock.

21.2.2 Procedure

machine table

Apply three shocks in both directions along

Attach the unTckaged items to be tested rigidly to a shock

three mutually
18 shocks to ea

QW

erpendicular axes of each test(item (a total of
ch item), taking care to ensurejthe following:

Tolerance limits

A xD N 300 x 0,011
b 3,141 6

2

Vi=2x

— that the integration to determine velocity
tends from_4,4.ms (0,4 D) before the pulsg
(0,1 D) after the pulse.

Inspect the oxygen analyzer to check that the app

warning or display indications or markings, ha

1m/s;

change ex-
to 1,1 ms

earance and

e not been

condition of the oxygen analyzer, including the e}wclosure and

damaged or have not deteriorated in such a way
normal operation of the oxygen analyzer and that n
live parts have become accessible.

s to prevent
o electrically

Reattach any separable components to the oxy:

en analyzer

and carry out the test for measurement accuracy fs described
in clause 50.4 and the test for response time as [described in

clause 50.9 and, if the oxygen analyzer is fitted wi
level alarm, a test for oxygen level alarm limit as
clause 50.11.

1954
N\ A

ne wave‘translated A 0 85 A
wn 0,154 \ '

h an oxygen
described in

\ \ /“‘*‘— Sine wave translated up 0,15 4
\

v fdearsine wave ...

Ref. line zero

<
o~
Y| o
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o§
()
7~
N
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~
<
8
- <C
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Figure 1 — Half-sine shock pulse configuration and its tolerance limits
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21.2.3 Expression of results

Express the results as described in relevant subclauses of
clause 50 and report any damage or accessibility of electrically
live parts.

22 Moving parts

The requirements given in clause 22 of IEC 601-1 ; 1977 apply.

23 Surfaces, corners and edges

ISO 7767 : 1988 (E)

25 Expelled parts

The requirefnents given in clause 23 of IEC 601-1 : 1977 apply.

24 Stablility and transportability

The requirenents given in clause 24 of IEC 601-1 : 1977 apply.

The requirements given in clause 25 of IEC 601-1 : 1977 apply.
26 Vibration and noise

The requirements given in clause 26 of IEC 601-1 : 1977 apply.
27 Pneumatic and hydraulic power

Fhe IUqU;IUHIGI s s;vcu imclause27ofHEEC661-1 . 1977 apply.
28 Suspended masses

The requirements given in clause 28 of IEC 60[1-1 : 1977 apply.

Section 5 : Protection against hazards from unwanted or excessive [radiation

29 X-radiation

The requirements given in clause 29 of IEC 601-1 : 1977 apply.

30 Beta| gamma, neutron radiation and
other pa1tic|e radiation

33 Infra-re_d radiation

The requirements given in clause 33 of IEC 6011 : 1977 apply.

34 Ultra-violet radiation

The requirements given in clause 34 of IEC 601-1 : 1977 apply.

The requirements given in clause 30 of IEC 601-1 : 1977 apply.

31 Microwave radiation

The requirements given in clause 31 of IEC 601-1 : 1977 apply.

32 Light radiation (including visual radiation
and lasers)

The requirements given in clause 32 of IEC 601-1 : 1977 apply.

35 Acoustical energy (including ultrasonics)

The requirements given in clause 35 of IEC 601-1 : 1977 apply,
together with the following additional requirement:

If an oxygen analyzer is included as a part of, or is integral to,
another item of equipment, the relevant standards for the
equipment shall apply.

36 Electromagnetic compatibility

The requirements given in clause 36 of |[EC 601-1: 1977 apply.

NOTE — Attention is drawn to the bibliography in annex P.
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Section 6 : Protection against hazards of explosion in medically used rooms

37 General b) for the surface ignition test, the anaesthetic agent
mixed with oxygen and nitrous oxide in varying pro-
The requirements given in clause 37 of IEC 601-1 : 1977 are portions in successive tests.
replaced by the following:
"Oxygen analyzers not designed for use with flammable 37.4.3 Apparatus
aesthetic agents shall comply with the requirements given . .
?nn37s1 tol37% 4 Py w quir 9 The following apparatus is needed:

a) for the spark ignition test

37.1 Oxygen analyzers not intended for use in the . it
- - L = eStapparatus—for exXplosive
presence of| flammable anaesthetics, and which contain et mixtures or

electrical circuits which may be a source of ignition in Tégg;pgeres described in IEC 603;13/1977 or in
enclosed compartments within which anaesthetic mixtures e

are producedl, guided or used shall meet the requirements — the measuring circuits dllustrated ih figures 29
given in clause 43 of this International Standard. and 31 in IEC 601-1 : 1977

37.2 Oxygpn analyzers designed for use with flammable b) for the surface igpition test, the test apparatus

anaesthetic agents (see 37.3) shall comply with the re- described in IEC 79-4,-butwith the modification that the

quirements for anaesthetic proof category G equipment \{essel is' cqvered wjth adid whi_ch prevents diffusion, but
(APG) given [n clauses 38, 39, 40, and 41 of IEC 601-1 : 1977. lifts easily if there-is.an explosion.

37.4.4 Procédure

unless, when tested according to the method described in

37.4, the following criteria are met.

37.3 Anaesthetic agents shall be considered as flammable
T Proceed as follows:

a),for the spark ignition test, carry out the test de-

a) In the spark ignition test with an ignition probability soribed in IEC 79-3:
of less thain 103, ignition does not occur with any of the !
following] circuits: . b} for the surface ignition test, carry gqut the test

described in IEC 79-4 but with the modification that the
anaesthetic agent is mixed with oxygen [and nitrous
oxide in varying proportions in successive tests.

i) a fesistive circuit at a d.c. voltage of 20 V with a
currenjt of 1 A and at a d.c. voltage of 100 V with a
currerjt of 0,15 A,

i) an inductive circuit with a d.c. current of 0,2 A cr. . .
with dn inductance of 10 mH and at a d.c. current of 38 Classification, marking and

60 mA with an inductance of 1 000 mH, accompanying documents of anesthetic-

roof equipment
i) a| capacitive circuit at a d.c. Voltage of 100 V P quip

with g capacitance of 1 UF and-at @' d.c. voltage of The requirements given in clause 38 of IEC 601-1 3| 1977 apply.
20 V yvith a capacitance of 20-uF:

b} In the surface ignition test) ignition does not occur

at a temderature below 300.9C. 39 Common requirements for “AP’’ land

“APG” equipment

37.4 Flamfability of @naesthetic agents shall be tested as The requirements given in clause 39 of IEC 601-1 | 1977 apply

follows. except as follows:
37.4.1 Prirciple In 39.3, add an additional item as follows:

k) = Any oxygen analyzer classified and marked APG shall
provide a continuous current path for electrostatic charges
from the sensing area to earth and the resistance shall be no
greater than 1 MQ (see also clauses 19 and 41).

Two methods are used. In the first, the most ignitable con-
centration of an anaesthetic agent mixed with oxygen
and/or nitrous oxide is exposed to a spark, and in the se-
cond, the surface ignition temperature of mixtures is deter-

mined. Compliance shall be checked by the test given in 39.4.

87.4.2 Test gases 39.4 Test method
Two test gases are used:
39.4.1 Principle
a) for the spark ignition test, the most ignitable con-
centration of the anaesthetic agent mixed with oxygen Measurement of the electrical resistance between the sens-
and/or nitrous oxide; ing area of the oxygen analyzer and earth.
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39.4.2 Procedure

Place the oxygen analyzer on a conductive plate. Using a
suitable resistance meter, measure the resistance between
the sensing area and the following:

— the conductive metal plate;
— the protective earth terminal;

— the terminal for potential equalization.

1SO 7767 : 1988 (E)

40 Requirements and tests for anaesthetic-
proof equipment, equipment parts or
components (AP)

The requirements given in clause 40 of IEC 601-1 : 1977 apply.

41 Requirements for anaesthetic-proof
category G equipment, equipment parts or
components

The requirements given in clause 41 of IEC 601-1 : 1977 apply.
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Section 7 : Protection against excessive temperatures, fire and other hazards,
such as human errors

42 Excessive temperatures 43.6 Oxygen levels in enclosed compartments shall be
' tested as follows.

The requirements given in clause 42 of IEC 601-1 : 1977 apply
except as foliows: 43.6.1 Principle
Replace 42.3 by the following: Measurement of the oxygen level in the enclosed compart-
ment is measured after the oxygen analyzer is operated for

18 h under single fault conditions.

43

The requireme
together with {

10

42.3 App’ed parts which come intentionally in contact

with the pa
to the patier|
41 °C.

ient and which are not intended to supply heat
t shall not have surface temperatures exceeding

Fire prtlvention

ts given in clause 43 of IEC 601-1 : 1977 apply
he following additional requirements:

43.6.2 Procedure

Place the oxygen analyzer in- aqreom in whic
change is between 3 and 10 roem*volumes per
oxygen flow through the oxygen analyzer so

the maximum flows of axygen and nitrous oxig
mal conditions. Switch“off the mains supply
the oxygen level in the'enclosed compartment
oxygen analyzer‘under single fault conditions

h the air ex-
hour. Set the
hat it equals
e under nor-
and measure
Operate the
vith the least

43.3 In order to eliminate the risk of fires caused by elec- favourable control setting selected and with the mains
trical compgnents which may be a source of ignition in oxy- voltage devigting by z 10 %, if applicable| After 18 h,
gen or nitrdus oxide enriched atmospheres (or mixtures of switch,off the supply mains and measure the oxygen level in
gases confaining anaesthetic agents referred to in the enclosed compartment.
clause 37), gt least one of the following requirements shall
be met. 43.6.3 Expression of results
a)  Electrical components shall be separated from com- Record the oxygen levels measured at the beginning and the
partments in which accumulations of such gases can end of the 18 h period
occur byla barrier complying with the requirements given )
in 43.4.

b) Compartments containing electrical components

shall be

ventilated according to the requirements given

43.7 Electrical circuits which can produc
generate a high surface temperature and can bj
ignition shali be so designed that in normal u

e sparks or
e a source of
e and single

in 43.5.

c) Electrical components which_insmormal use and
single fault condition can be a_source of ignition shall
comply with the requirements-givéen in 43.7.

43.4 Any|barrier required under the provisions of 43.3 a}
shall be segled at all joints*and at any holes for cables,
shafts, or other purposes.’ Compliance shall be checked by
the following methdds; as appropriate:

— inspectiory;

fault condition, no ignition occurs; under thesg conditions,
the product of the effective open circuit voltage and effec-
tive short circuit current shall not exceed 10 VA in each cir-
cuit.

43.8 The surface temperature of components which may
constitute a source of ignition shall not exceed 300 °C.

44 Overflow, spillage, leakage, humidity,
ingress of liquids, cleaning, sterilization and
disinfection

— by compliance test for enclosures with restricted
breathing given in 40.5 e) of IEC 601-1 : 1977;

— if under normal use conditions a pressure difference
exists between the spaces separated by the barrier, the
test method given in 43.6.

43.5 The ventilation required in 43.3 b) shall be such that
when tested by the method described in 43.6, the oxygen
level in the enclosed compartment containing electrical
components shall not exceed 4 % above the ambient oxy-
gen level; if this requirement is met by forced ventilation, an
alarm shall be provided to warn of failure of the ventilation.

The requirements given in clause 44 of IEC 601-1 : 1977 apply
except as follows:

a) Replace 44.3 by the following:
44.3 Spillage
44.3.1 Oxygen analyzers shall be so constructed that
spillage does not wet parts which, if wetted, may cause a

safety hazard.

Compliance shall be checked by the test given in 44.3.2.
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44.3.2 Position the oxygen analyzer as in normal use. Pour
200 ml of water steadily on an arbitrarily chosen point on
the top surface of the oxygen analyzer. After this the oxy-
gen analyzer shall comply with the requirements of this
International Standard.

Replace 44.5 by the following:
44.5 Humidity and condensation effects

44.5.1 Humidity effects

ISO 7767 : 1988 (E)

continuous period of 2 h. For continuous monitoring oxy-
gen analyzers, record the oxygen reading at least once every
15 min. For intermittent sampling oxygen analyzers, sample
the test gas mixture at least once every 15 min and record
the oxygen reading. In either case, record the temperature
to an accuracy of + 0,2 °C and the barometric pressure to
an accuracy of + 0,2 % of the reading every time an oxy-

gen reading is recorded.

44.5.2.4 Expression of results

If the oxygen readings are not already in partial pressure

When oﬂ»erated in accordance with the instructions for use,
oxygen pnalyzers shall maintain + 3 % (V/V) measure-
ment acguracy when used with air or comparable gas mix-
tures haying any relative humidity between 0 % and 100 %;

The corfected oxygen reading shall be between 17,4 %
(V/V) apd 24,4 % (V/ V) oxygen.

NOTE —|These requirements may be met with the addition of an
adaptor, |f required.

Compliahce ‘shall be checked by the test given in 44.5.2.
44.5.2 [Test method

44.5.2.1| Principle

Determipation of the accuracy of the oxygen reading over a
two-hour period of exposure of the oxygen sensor to a high
relative humidity (non-condensing) after calibration in. dry
air.

44.5.2.2| Test gases

Dry rooin or compressed air as the calibration gas mixture
and humidified room or compressed-air having a relative
humidity between 95 % and 100 % {non-condensing) shall
be used|as the test gas mixture.

44.5.2.3| Procedure

Hold the¢ ambient temperature of the oxygen analyzer con-
stant td within £ 1°C of a nominal value within the
operating range ‘'6f-the oxygen analyzer {see 61.1). Hold the

temperatured and calibration of the test gas mixtures kilopascals.
deliveredl to-the sensing area constant at + 2 °C. Deliver .
the calibra$i i ; Table 1 lists the vapour pressure of w

ambient barometric pressure. Set up the oxygen analyzer
for the measurement of humidified gases as described in the
accompanying documents (for example, by attachment of
an adaptor or orientation of the oxygen sensor). Maintain
the oxygen analyzer and oxygen sensor in the same position
throughout the test.

Ensure that the oxygen sensor is at a temperature of
35 °C * 2 °C and that the oxygen analyzer is at ambient
temperature. Calibrate the oxygen analyzer according to the
accompanying documents using the calibration gas mix-
ture. Do not re-calibrate the oxygen analyzer during the test
period. Expose the sensing area to the test gas mixture for a

use, convert each oxygen reading to partia
example in kilopascals using the equation

P = (R/100) x B

where

pressure, P,

R is the oxygen reading in percent (1{/ V) oxygen;

B is the Dbarometric pressure, f
kilopascals,

Correct€ach’oxygen reading for the dilutio
watervapour at the temperature and baro|

—-——BBV X P
A=""""l %100
B

where

br example

effect of 100

for

in

%

etric pressure of
each.reading, using the following equation:

A is the corrected oxygen reading in percent {V/V)

oxygen;

B is the barometric pressure, f
kilopascals;

V, is the vapour pressure of water,
kilopascals at temperature ¢;

br  example

for example

t is the temperature of the humidified test gas

degrees Celsius;

P is the oxygen partial pressure,

for example

temperatures,

in

in

in

in

ater at selected

Table 1 — Vapour pressure over water
Temperature Pressure Pressure
°C kPa mmHg
33 4,90 37,7
34 5,19 39,9
35 5,48 42,2
36 5,79 44,6
37 6,12 471

11
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44.5.3 Condensation effects the method described in 50.9 after recording each oxygen
reading.
Oxygen analyzers intended for use in a breathing system :

shall meet the following requirements. )
44.5.4.4 Expression of results

Either

Express the results as described in 44.5.2.4.
a) Oxygen analyzers shall maintain the oxygen

measurement accuracy specified in 50.3 and 50.5 and
the response time specified in 50.8. If the manufacturer
recommends or supplies an attachment for use when
measuring gases of high humidity, these requirements
shall be met with the attachment in place.

45 Pressure vessels and parts subject to
pressure

The requirements given in clause 45 of IFC 601-1 : 1977 apply.

or

b) Compliance shall be checked by the test given in 46 Human errors
4454,

The requirements given in clause 46 of IEC 601-1[: 1977 apply

If the oxygen analyzer does not meet these requirements, a i . o
v9 Y g together with the following additional clause:

cautionary notice shall be included in the accompanying
documents.

46.13 Manual warning signal override

44.5.4 Test method
If a manual conttol is provided to override the|low oxygen

44.5.4.1 Piinciple level alarm, itshall'only override the auditory warning signal
and shall attomatically cancel after not morg than 120 s
Determinatign of the accuracy of the oxygen reading and following.its most recent activation.

the responsd time over a two-hour period of exposure of the
oxygen senspr 1o a relative humidity of 100 % (condensing}

after calibration in dry air. 47 “Electrostatic charges

44.54.2 Tgst gases The requirements given in clause 47 of IEC 601-1 { 1977 apply.
Dry room o compressed air as the calit.)ratiorj gas mixtt_lre '

ona humidfd room or compresed a havng  love: 48 Materials in applied parts in confact with

gas mixture the body of the patient

44543 Plocedure The requirements given in clause 48 of IEC 601-1 { 1977 apply.

Carry out tHe procedure described in 44.5:2 ensuring that

the test gas is delivered to the sehsihg area in a fully 49 Interruption of the power supply|
saturated c{ndensing state and_that/condensate forms at
the sensing frea. In addition, measure the response time by The requirements given in clause 49 of IEC 601-1 | 1977 apply.

12
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Section 8 : Accuracy of operating data and
protection against incorrect output

50 Accuracy of operating data 50.4.4 Expression of results

The requirements given in clause 50 of IEC 601-1 : 1977 apply
together with the following additional requirements:

Correct the oxygen readings for changes in barometric
pressure, if the errors due to this effect equal or exceed

50.3  Measurement accuracy

+ 0,1 % {V/ V) oxygen, and report the corrected readings.

50.5 Digital readings

Oxygen [readings shall be within £ 3 % (V/}') oxygen of
the actupl oxygen level.

NOTE - [This tolerance includes errors from all sources associated
with the pxygen analyzer, such as its oxygen sensor, electrical cir-
cuits, callbration method, and display resolution.

Compliahce shall be checked by the method given in 50.4.

50.4 Determination of measurement accuracy

50.4.1 |Principle
Determination of the accuracy of the oxygen reading at a

number|of oxygen levels across the full range of the oxygen
analyzet.

50.4.2 [Test gases

At least|the following four mixtures of oxygen and nitrogen
shall be|used:

15 %, 21 %, 40 %, and 60 % (V/V) oxygen.
Ensure that the gas mixtures are dry,\are pre-mixed, and

that thg oxygen level is known to within = 0,5 % (V/V)
oxygen

50.4.3 |Procedure

Operate the oxygen-ahalyzer as described in the accompany-
ing documents. Hold the ambient temperature of the oxy-
gen an%yzer and. the temperature of the test gas mixture

delivered ta'the oxygen sensor constant to within + 1 °C of
a nominal-value within the operating range specified for the

If an oxygen analyzer displays the oxygén, feading digitally,
there shall be:

a) at least two digits;

b} a means for indicating that the oxygen reading is
above the specified range of the display.

NOTE — This requiremeént may be met, for exanpple, by a two-digit
display that flashes‘or by a three-digit display [that reads greater
than 100 % {V/V Joxygen when the reading exgeeds 100 % (V/ V)
oxygen, for instance, during calibration. .

50.6 . Stability of measurement acguracy

@xygen analyzers shall maintain the measurement accuracy
specified in 50.3, 50.4 and 50.5 for a perigd of at least 8 h
continuous use.

Compliance shall be checked by the test diven in 50.7.
50.7 Test method

50.7.1 Principle

Determination of the accuracy of the oxygen reading in the
central part of the oxygen measurement range of the oxy-
gen analyzer during an eight-hour period after calibration.

50.7.2 Test gas

A dry pre-mixture of oxygen and nitrogen containing oxy-
gen at a level between 20 % and 80 % of the full scale oxy-
gen reading indicated on the oxygen analyger shall be used,
the oxygen level being known to within|£ 0,5 % (V/V)
oxygen.

oxygen analyzer.

NOTE ~— The test gas mixtures need not be at ambient
temperature.

Calibrate the oxygen analyzer as described in the accompany-
ing documents. Deliver one of the test gas mixtures to the
sensing area at ambient barometric pressure. Ensure that
the oxygen analyzer is in equilibrium with the test gas mix-
ture and that the oxygen analyzer is at ambient temperature.
After a period of at least three times the response time
stated in the accompanying documents, record the oxygen
reading indicated by the oxygen analyzer. Repeat the pro-
cedure with the other gas mixtures.

NOTE — 1T a reading of 21 % (V7 ¥ T oxygen lies within the required
range, room air or compressed air may be used as the test gas
mixture.

50.7.3 Procedure

Operate the oxygen analyzer as described in the accompany-
ing documents. Hold the ambient temperature of the oxy-
gen analyzer and the temperature of the test gas mixture
delivered to the sensing area constant to within £ 1 °C ofa
nominal value within the operating temperature range as
specified in the accompanying documents.

NOTE - The test gas mixture need not be at ambient temperature.

13
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Calibrate the oxygen analyzer as described in the accompany- .

ing documents. Deliver the test gas mixture to the sensing
area at ambient barometric pressure. Ensure that the oxy-
gen sensor is in equilibrium with the test gas mixture and
that the oxygen analyzer is at ambient temperature. Expose
the sensing area to the test gas for a continuous period of
8 h, ensuring that the oxygen analyzer is maintained in the
same position dufing the whole period. For continuous
monitoring oxygen analyzers, record the oxygen reading at
least once every 15 min. For intermittent sampling oxygen
analyzers, sample the test gas mixture at least once every
15 min and record the oxygen reading. -

Expose the sensing area to a test gas mixture with an oxygen
level equivalent to 95 % to 100 % of the full-scale oxygen
reading. After a period of at least three times the response
time as stated in the accompanying documents, record the
oxygen reading indicated by the oxygen analyzer (R,). Ex-
pose the sensing area to a test gas mixture with an oxygen
level equivalent to 20 % to 25 % of the fuli-scale oxygen
reading. After a period of at least three times the response
time as-stated in the accompanying documents, record the
oxygen reading indicated by the oxygen analyzer (R,). With
the oxygen analyzer measuring R,, re-expose the sensing
area to the 95 % to 100 % full-scale oxygen reading test gas

mixture, Measure the interval, to the nearest second, from

50.7.4 Exp]ession of results
Correct the loxygen readings for changes in barometric

pressure, if the errors due to this effect equal or exceed
+ 0,1 % (V]V) oxygen, and report the corrected readings.

50.8 Response time

The responsg time shall not be greater than 1,15 times the
value stated |n the accompanying documents.

Compliance ghall be checked by the test given in 50.9.

50.9 Test|method

50.9.1 Prin[iple

Measurement of the time taken for the oxygen analyzer to
respond to changes in oxygen level at the sensing area.

50.9.2 Test gases

Two mixture$ of oxygen and nitrogen that contain levels of

‘oxygen equal to 95 % to 100 % of the full_scale oxygen

reading and between 20 % and 25 % of the full scale oxy-
gen reading indicated on the oxygen analyzer shall be used.

NOTE — If a rgading of 21 % (V'/V).oxygen lies within the required
range, room gir or compressed. it may be used as the test gas
mixture. )

50.9.3 Progedure

Hold the ambiént temperature of the oxygen analyzer and

the temperature—of-the—test-gas—mixtures—delivered—to-the

the time at which the oxygen readingis 10 %-of| the change

above the initial reading (R3) to the time at/wh

ch the oxy-

gen reading is 90 % of the change aboye-the initial oxygen

reading, that is, when the oxygen reading (R,)

Ry = Ry + (0,9 x [Ry — Bgl)
R3 = R2 + (0,1 X [R1 " RZ])

Finally, with the oxygen ‘analyzer measuring R
the sensing area to(the 20 % to 25 % full-sd

[

, re-expose
tale oxygen

reading test gas\dmixture. Measure the intenval, to the

nearest second,\from the time at which the oxyj|
is 10 % ofthé.change above the initial reading
time at which the oxygen reading is 90 % of
below_the initial oxygen reading, that is, when
reading (Rg) is:

R5 R1 + (0,9 X [R'] - RZ])

RG R1 + (0,1 X [R1 - Rz])

50.9.4 Expression of results

Report the times taken to reach the R, and Rg

NOTES

1 See also the requirements of clauses 21.1, 44.5.1,
64.1. i

2 The stated response time is the slowest that occ
one of the above referenced conditions is varied over

50.10 Oxygen level alarms

If an oxygen level alarm system is provided, it sh
following requirements: :

a) The alarm shall be both visual and audi

gen reading
(Rg) to the
the change
the oxygen

eadings.

61.3, 62, and

rs when any
ts full range.

all meet the

ory.

sensing area constant to within = 1 °C of a nominai value
within the operating temperature range specified in the ac-
companying documents.

NOTE — The test gas mixture need not be at ambient temperature.

Calibrate the oxygen analyzer at its full scale reading as
described in the accompanying documents.

Deliver the test gas mixture to the sensing area at ambient
barometric pressure. Ensure that the oxygen sensor is in
equilibrium with the test gas mixture and that the oxygen
analyzer is at ambient temperature.

b—Fheatarmrtimitshattiewithin 2%+

/V'} oxygen

of the alarm set-point in the rang_e of 10 % (V/V) to
60 % (V/V) oxygen and within £ 5 % {V/ V) oxygen of
the alarm set-point elsewhere throughout the range.

Compliance shall be checked by the test given

in 50.11.

50.11 Test method for oxygen level alarm limit

50.11.1. Principle

Determination of the alarm limit values and the alarm set-

point values at a number of oxygen readings
range of the alarm system.

across the
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50.11.2 Procedure

Hold the ambient temperature of the oxygen analyzer con-
stant to within * 1 °C of a nominal value within the
operating temperature range specified in the accompanying
documents. Generate at least four stable oxygen readings
that span the range of the alarm system in approximately
equal steps, by varying the oxygen level delivered to the
sensor, or by electrically stimulating the oxygen sensor, or
by adjusting the calibration control.

For each oxygen reading, adjust the alarm limit control so
that the i i i m-tirmit

ISO 7767 : 1988 (E)

{(V/ V) oxygen, or a caution signal that is activated when the low
alarm limit control is set below 21 % (¥/ V) oxygen, or markings on
the oxygen analyzer itself.

50.13 Displays

Oxygen level displays shall be marked with the appropriate
units of measurement.

NOTE — Displays should not be obscured by the hand normally ad-
justing the control(s) associatéd with the display.

control until the alarm is activated. For each oxygen
reading, record the alarm limit value. i.e., the indicated oxy-
gen reading, and the corresponding alarm set-point value,
i.e., the most precise set-point indication at the point of first
activatioh of the alarm.

NOTE -- JAn alarm may be of a type that is activated at an oxygen
reading albove (high alarm) or below (low alarm) the alarm limit. An
oxygen ahalyzer may have either or both types of alarm.

50.12 Low alarm limit requirements

If an adjystable low alarm limit is provided, it shall not be ad-
justable below an alarm set-point value of 15 % {V/ V) oxy-
gen. If @& non-adjustable tow alarm limit is provided, the
alarm sef-point value shall not be below 15 % (V/ V) oxy-
gen.

There shall be a visual indication to the user when a low
alarm limit is adjusted to an alarm set-point value below
21 % (V) V) oxygen.

NOTE —[This requirement may be met by methods(such as red
markings |on the low alarm limit control in the range below 21 %

Protection against incorrectoutput

The requirements given in clause 51 of JEC 60[1-1 : 1977 apply
together with the following additional requirerpents:

51.5 Function and position of congrols

Check or test contrals_for battery condition| or signal opera-
tion and signal override shall automatically|return from the
check, test or override position, unless these functions are
carried outrautomatically when switching fo the operating
mode.

Thé: positions of measurement and test dontrols shall be
clearly distinguishable.

Calibration controls shall include means t¢ prevent an in-
advertent change from the intended positipn (for example,
by recessing the control or by provifling a locking
mechanism).

NOTE — All other controls should also include mgans to prevent in-
advertent changes from the intended positiong and should have
clearly distinguishable positions.

Section 9 : Fault conditions causing overheating and/or mechanical damage;
environmental tests

52 Fault conditions causing overheating
and/or mechanical damage

The requirements given in clause 52 of IEC 601-1 : 1977 apply.

53 Environmental tests

The requirements given in clause 53 of IEC 601-1 : 1977 apply.
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Section 10 : Constructional requirements

b4 General

The requirements given in clause 54 of IEC 601-1 : 1977 apply.

55 Enclosures and covers

The requirements given in clause 55 of IEC 601-1 : 1977 apply.

Rotary gas flow controls are exempt from this requirement.

NOTES

1 The separation between control knobs, switches

, toggles, pin-

wheels, ot push buttons should conform to the recommendations

given in ISO 7249 and. ISO 7250. {See annex P.}

2 Controls and their associated markings should be

visible and/or

legible to an operator having visual acuity (corrected if necessary)

of at least 1 when the operator is located at least 1 m

mbly

The requiremer]ts given in clause 56 of IEC 601-1 : 1977 apply
except as follows:

In 56.8, add the following:

— warning signals provided with the oxygen analyzer for
monitoring dxygen levels shall be both visual and auditory.

— caution|signals provided with the oxygen analyzer shall
be visual.

NOTE — Visdal indicators may be accompanied by a display. Cau-
tion signals mjay be accompanied by an auditory signal.

in 56.10, add aI additional item as follows:

d) Movemént of controls — For controls that consist of a
movable part and a non-movable part, movement upwards,
to the right, pr clockwise shall increase the control function.

OXygen analyzer at an muminance of 215 Iux. ViarKki|

clearly identified with their associated controls,

57 Mains parts components and lay

The requirements given in clatse 57 of IEC 601-1

58 Protective. earth terminals

The requirements given in clause 58 of IEC 601-1

59 \ Construction and layout

The requirements given in clause 59 of 1EC 601-1

in front of the
hgs should be

out

1977 apply. .

1977 apply.

1977 apply.
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Section 11 : Additional requirements

60 Interfering gas and vapour effects

60.1 Oxygen analyzers shall either:
a} have not more than 2 % (V/V) oxygen interference
with measurement accuracy in the presence of any of
the gases or vapours at the levels listed in table 2; or

b) if the body of the oxygen analyzer is marked ““Not

60.2.4 Expression of results

Correct the oxygen readings for changes in barometric
pressure, if the errors due to this effect equal or exceed
+ 0,1 % {(V/V) oxygen, and report the corrected readings.

Environmental temperature limitations

61.1 Operating temperature range

for usg with inhalation agents™ or equivalent, the oxygen
analyger shall not have more than 2 % (V/ V) oxygen in-
terfergnce with measurement accuracy in the presence
of hellum or carbon dioxide at the levels listed in table 2.
If the pxygen interference is greater than 1 % (V/ V') this
shall be stated in the accompanying documents.

Compliarjce shall be checked by the test given in 60.2.

Table 2 —|Inhalation anaesthetics and other interfering

gases and vapours

Gas or vapour Level
(Balance dry oxygen) Volume %

Helium 80 %
Nitrous oxide!! 80 %
Diethyl ethgr (flammable anaesthetic) 10 %
Carbon dioxide 10 %
Halothane! 6%
Enflurane!) 5 %
1soflurane) 5 %
Methoxyflufane) N%

Oxygen analyzers shall meet the requirements given in 50.3
and 50.8 over a sample gas and ambignt-temperature range
of 15 °C to 40 °C.

Compliance shall be checked|by/the test giyen in 61.2;

61.2 Test method

61.2.1 Principle

Determinatien<of the accuracy of the oxyden reading -and
the responsetime after equilibrating the oxygen analyzer at
the extremes of the specified operating temperature range.

61,2.2 Procedure

Place the oxygen analyzer in an atmospherg of room air at
40 °C + 1 °C having a relative humidity off less than 95 %
until it has reached equilibrium.

NOTE — Equilibrium can be verified by a suitable means, such as
placing a thermistor inside the oxygen analyzer.

1} Inhalatipn anaesthetic agent

Carry out the test for measurement accurac
50.4 and the test for response time as desc
cept that both the oxygen analyzer and the
be maintained at 40 °C + 2 °C during bot

as described in

ibed in 50.9 ex-
est gases are to
h tests.

60.2 Cpmpliance shall be tested,as follows.

60.2.1 Principle

Determirfation of the aceuracy of the oxygen reading in the
presencd of interfering/gases and vapours given in table 2.

60.2.2 Test.gases

Dry predmixtures of oxygen and the interfering gas or

Repeat the procedure at the test femperature of
15°C £ 1°C.

61.2.3 Expression of results

Express the results as described in 50.4 and p0.9 at both test
temperatures.

61.3 Non-operating temperature range

vapour at the level given in table 2, the oxygen levels being
known to within' + 2 % (V/V), shall be used.

60.2.3 Procedure

Carry out the test described in 50.4 with the following
modification.

Expose the sensing area to the test gas for a continuous
period of two hours, ensuring that both the oxygen
analyzer and the oxygen sensor are maintained in the
same condition during the whole period. Repeat.the pro-
cedure for each applicable mixture given in table 2.

The oxygen analyzer shall meet the requirements given in
50.3 and 50.8, after it has been subjected to the extremes of
the specified non-operating temperature range as detailed in
the accompanying documents.

Compliance shall be checked by the test given in 61.4.

61.4 Test method

61.4.1 Principle
Determination of the accuracy of the oxygen reading and

the response time at normal operating temperature after the
oxygen analyzer, as packaged for transport, has been sub-
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62 Cyclic
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jected to the extremes of the specified non-operating
temperature range.

61.4.2 Procedure

Place the oxygen analyzer, as packaged for transport, in an
atmosphere of room air having a relative humidity of less
than 95 %, at the lower of the following temperatures until
it has reached equilibrium:

a) 70°C = 1°C;

62.2.2 Procedure

Expose the sensing area to a cyclic pressure waveform such
that a positive pressure with respect to ambient of
10 kPa + 1 kPa (100 cm H,0 * 10 cm H50) and a negative
pressure with respect to ambient of 1,5 kPa + 0,2 kPa
(15 cm H,0 = 2 ecm H,0) are each maintained, in turn, for
not less than 2 s each. Cycle the pressures at a rate of
0,167 Hz £ 0,017 Hz (10 cycles/minute + 1 cycle/minute)
for 10 min.

Carry out the test for measurement accuracy as described in

b) the | highest temperature recommended during
transport, as marked on the transport package.

NOTE — Eqyilibrium can be verified by a suitable means, such as
placing a thefmistor inside the oxygen analyzer.

Maintain the oxygen analyzer at this temperature for 4 h
after equilifrium is attained.

Return the packaged oxygen analyzer to room temperature,
unpack it and install it so that it is ready for use, as described
in the accompanying documents.

Carry out tHe test for measurement accuracy as described in
50.4 and the test for response time as described in 50.9.

Repeat ‘the| procedure equilibrating the packaged oxygen
analyzer at [the higher of the following temperatures:

a) —40°C x1°C

b) the| lowest temperature recommended during
transport, as marked on the transport package;

61.4.3 Expression of results

Express the|results as described in 50.4.and’50.9 at both test
temperaturgs.

62.1 Oxygen analyzers shall either meet the requirements
given in 50.8 and 50:8 following exposure to cyclic positive
pressure of[10-kPa (100 cm H,0) and negative pressure of
1,5 kPa (15 i i

63 Gas leakage and sampling loss

50.4 and the test for response time as described in 50.9.

62.2.3 Expression of results

Express the results as described in"50.4 and 50.9.

63.1 The rate of Yleakage of a non-sampling oxygen
analyzer shall not be-greater than 20 ml/min.

NOTE — Thisrequirement ensures that when fitted|to a breathing
system its\rate of leakage at a continuous pressure of 3 kPa
(30 cmH,@) does not increase by more than 20 ml/min.

Compliance shall be checked by the test given in 63.2.

63.2 The accuracy shall be tested as follows.

63.2.1 Apparatus

A pressure gauge having an accuracy within Y 0,3 kPa and
a flowmeter having an accuracy within £ 2 ml/min shall be
used.

63.2.2 Procedure

Assemble the oxygen analyzer so that the oxygien sensor is
installed in a dimensionally suitable port of a tht apparatus
containing an inlet fitting to which a test gas|and air flow
meter are attached. Connect the pressure gayge to a third
port of the test apparatus. Slowly open the flowmeter to
raise the pressure in the test apparatus to 3 kPp. Determine
the flow necessary to maintain this pressure. [This leakage
flow shall be as specified in clause 63.1.

633 The rate at which a sampling oxygen analyzer

with the warning “not for use in breathing systems’ and a
similar warning shall appear in accompanying documents.

Compliance shall be checked by the test given in 62.2.
62.2 Accuracy shall be tested as follows.

62.2.1 Principle

Determination of the accuracy of the oxygen reading and
the response time after exposure of the sensing area to
cyclic pressure.

withdraws gas from a breathing system (the gas diversion
rate) shall not exceed 1,15 times the value stated in the ac-
companying documents.

Compliance shall be checked by the tests given in 63.4.

63.4 The rate of gas withdrawal shall be tested as follows.

63.4.1 Principle

Measurement of the rate at which a sampling (intermittent)
oxygen analyzer withdraws gas from a simulated breathing
system.
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63.4.2 Test gas

Pressurized air at room temperature shall be used.

63.4.3 Apparatus

A pressure gauge having an accuracy within + 0,3 kPa,
and a flowmeter having an accuracy to within + 10 % of
the rate at which the oxygen analyzer withdraws gas from

the breathing system as stated in the accompanying

documents shall be used.

ISO 7767 : 1988 (E)

within the operating temperature range specified in the ac-
companying documents.

NOTE — The test gas mixture need not be at ambient temperature.
Deliver the test gas to the sensing area at ambient
barometric pressure. Verify that the requirements given in
50.3, 50.5, 50.6 and 50.8 have been met.

Expose the sensing area to the test gas for at least 31 days.

NOTE — The ambient and test gas temperatures may vary over the
full operating temperature range specified in accompanying

Assemble the apparatus as described in 63.2.2 but using the
flow meter specified in 63.4.3. Adjust the pressurized air
source o 3 kPa and monitor the flowmeter reading for
1 min.

63.5 means shall be provided to collect the gas from the
oxygen gnalyzer,

64 Replacement of oxygen sensor

he accuracy of the oxygen reading and stability of
ent accuracy in response time shall meet the re-

the accqmpanying documents.

Compliapce shall be checked by the test given in 64.2.

64.2 The accuracy shall be tested as follows.

64.2.1 [Principle

Determipation of the accuracy of theé oxygen reading, the
stability [of measurement accuracy-and the response time
over a period of time.

64.2.2 [Test gas

A dry ggs mixture centaining oxygen at a level greater than
98 % (W/V} shall\be/used.

64.2.3 |Procedure

65 Auditory signal frequency

66 Connections

' . .
uoutun eTTtS dﬂ “g H S pUIIUd.

At the end of the period, carry out the,test for measurement
accuracy as described in 50.4, stability of measurement ac-
curacy as described in 50.7, and tesponse tjme as described
in 50.9.

64.2.4 Expression of results

Express the results as described in 50.4,|50.7 and 50.9,
before and after'the exposure period.

The fundamental frequency of auditory signals shall lie be-
tween 200 Hz and 3 000 Hz. N

NOTE — The fundamental frequency of auditory signals should lie
between 200 Hz and 1 000 Hz. Auditory warning signals should be
cyclic, that is on-off, two-tone, or warbling, and should be
repeated at a rate of between 0,2 Hz and 1 Hz (bgtween 1 cycle per
five seconds and 1 cycle per second). Additional work is in pro-
gress on alarm signals in ISO/TC 121.

If an oxygen sensor is intended to be cnnected to the
breathing system through a T-piece, the breathing system
connection ports of the T-piece shall bd 15 mm and/or
22 mm conical connectors in accordance with 1SO 5356-1
or ISO 5356-2.

If the oxygen sensor is mounted directly into the T-piece,
the oxygen-sensor connection port of the [T-piece shall not
be interchangeable with the breathing sy$tem connection
ports of the T-piece. ‘

The sampling gas and outlet ports of a gampling oxygen

Hold the ambient temperature of the oxygen analyzer and
the temperature of the test gas mixture delivered to the
sensing area constant to within + 1 °C of a nominal value

analyzer shall not be interchangeable with the breathing
system connection port or with the oxygen sensor connec-
tion port. .
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Annexes

Annexes A to M given in IEC 601-1 : 1977 and Amendment 1 to IEC 601-1 : 1977 together with annexes N and P in this International

standard apply.

Annex N
(informative)

Rationale

This annex prolides a concise rationale for the important re-

quirements of 1
those who are
who have not

his International Standard and is intended for
familiar with the subject of the Standard but
articipated in its development. An understand-

ing of the reasops for the main requirements is considered to be

essential for it

proper application. Furthermore, as clinical

practice and tedhnology change it is believed that a rationale for
the present reqliirements will facilitate any revision of the Stan-

dard necessitat

The clauses in

d by those developments.

this annex have been so numbered to corre-

spond to the clauses in the Standard to which they refer. The

numbering is, |

Introductio

and, where ne

herefore, not consecutive.

\

ssary, the test methods are based. To the ex-

This annex prc%ents the rationale on which the requirements

tent possible, it
on by the partic
developed this

ummarizes the discussions which were carried
pants in the meetings of the subcommittee that
nternational Standard.

N.1 Scop

There exists a great variety of devices for the measurement of
oxygen level. Tlhe scope exclides’devices used in laboratory
research applications. Devices used in these applications are
often experimental or intended primarily for non-medical uses.
Imposition of the requirements of this International Standard
on devices used forfesearch might unduly limit development of
beneficial new fechniques or devices.

they tend to be used imprecisely and somgwhat inter-
changeably. Alarm is used in-this International Standard only to
refer to the warning signal that occurs when|the oxygen
reading exceeds the, alarm limit. The alarm setfpaint differs
from the alarm limit\as follows: the alarm set-poinft value is the
oxygen reading.at which the alarm limit control ¢r display in-
dicates the alarm will activate, whereas the alarm |limit value is
the oxygen reading when the alarm first activates. The alarm
system_comprises all of the preceding elements.

The, alarm set-point definition implies that the aldrm set-point
value need not be continuously displayed, but is cgpable of be-
ing readily displayed.

N.3.6 Display

The term “‘display” is used to denote any device which visually
conveys information to the operator. The terny “visual in-
dicator” is used to denote only those displays whigh present an
indication of a condition, such as on ({lamp illumihated) or off
{lamp not illuminated).

N.3.8 Oxygen analyzer

Devices that do not “measure and indicate” are nof intended to
be covered by this International Standard. For|instance, a
device that has no function other than to signal gn alarm at a
specific oxygen level would not be considered to e an oxygen
analyzer for use in direct patient monitoring appligations.

The term “in a gaseous mixture” implies that Hevices that
measure_or_monitor_oxygen in_a liguid phase {for example,

It is expected that some devices that are not intended for
clinical applications may eventually become used in the clinical
environment. They would then be subject to the provisions of
this International Standard if, for instance, the manufacturer
suggested (for example, through advertising) applications that
fall within the scope of this International Standard.

N.3 Definitions

N.3.1 Alarm

The distinction between the terms ‘“‘alarm’, “‘alarm limit”’,
“alarm system’’ and ‘‘alarm set-point’”’ are important because

20

blood gas analyzers or indwelling catheters) are not covered by
this International Standard.

N.3.9 Oxygen level

The term “oxygen level” was deliberately chosen and defined
to allow oxygen readings in any accepted units, such as partial
pressure or percent by volume. Oxygen level refers to the actual
concentration of oxygen in a gas mixture.

NOTE — Most oxygen analyzers operate according to the partial
pressure of oxygen present. Since, in medical applications, the gases
measured are mixed by known volumes, it is normal practice to
graduate analyzer scales in percent oxygen.
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N.3.10 Oxygen reading

The term “‘oxygen reading’’ refers to the measured concentra-
tion of oxygen in the gas mixture. The oxygen reading will, in
general, be different from the oxygen level. The magnitude of
this difference will be the sum of the error (that is, the ac-
curacy) of the analyzer and the error (again, the accuracy) of
the reference method by which the gas mixture oxygen level
was analyzed (for example, gas chromatography).

N.3.14 Sensing area

The term “gensin 6 o SYRE :
““oxygen sehsor’’. It is, rather, intended to define that location
in the gasepus environment being measured at which oxygen
molecules @re considered to pass into the oxygen analyzer
system. The actual oxygen sensor may be remote, as in the
case of a sampling type analyzer.

N.6 Identification, marking and documents

a) and b) [6.1 d) and 6.1 f)] Analyzer markings: it is essential
that users |be able to identify the manufacturer, catalogue
number and serial number of any medical device in order that
problems, questions or complaints regarding the device can be
communicdted expeditiously. The absence of such information
can, under some circumstances, render the instrument useless.

d) [6.1 y) apd 6.1 z)] Instructions: since it is common for ox-
ygen analyZers to be operated in areas where the personnel us-
ing them change frequently, it is likely that full instructions will
not be givgn in the use of an individual manufacturer’s unit:
Thus, it was generally agreed that some instructions g@nd
precautiond needed to be placed on the analyzer itself, inladdi-
tion to the gletailed information contained in the accotmpanying
documents| The requirement for instructions is intended to
specify, in general, the minimum level of information that an
unfamiliar Uiser would need to operate the analyzer correctly
and safely.| It is recognized that there are limitations to the
amount of|information that can be placed on the analyzer
without crgating clutter or confusion.)Thus, for this require-
ment as wgll as throughout this.éntire clause, manufacturers
are required to warn only of the_more serious potential hazards
on the analyzer itself, referring)the user to the accompanying
documents|for details and\cautions.

e} [6.7 a)] | Red indicators are reserved for warning signals.
Flashing red is further restricted to indications of imminent
{patient) dgnger., Continuous red may be used to indicate in-
strument malfGnctions requiring immediate operator attention

ISO 7767 : 1988 (E)

Blue indicators may not be used for any of the applications
reserved for red, flashing red, yellow or green, in order to avoid
confusion. Blue may only indicate information that has no con-
notation of good, marginal or poor performance of the analyzer
or the monitored function(s).

There are no colour restrictions on displays, such as dot matrix
displays or cathode ray tubes. Displays are  generally
monochromatic and are usually used to convey detailed infor-
mation. The implication of the requirements of this Inter-
national Standard is that if a monochromatic display is used,
separate coloured indicators are to be used to alert the operator

i Futiorrconditions—Arsimgle-indicator of each re-
quired colour may be used, however, with.the)flisplay providing
the information on the nature of the problem

f 10) [6.8.2 a)} Accompanying documents|— It has been
noted by some users that some\0xXygen analygzers have cables
or sample tubing that are of insufficient length to be safely and
conveniently mounted on, apparatus, such as$ an anaesthetic

machine. It is difficult_to specify universal
analyzers, since the required lengths may va
the application. This-requirement asks only th
recognize this’problem and adequately inform
cedure for €orrect use.

f 11) [6.8!2 a)] Electromagnetic
maghetic susceptibility is considered to be a
difficult to solve, medical device problem. Bi
this International Standard deals best wit
although it has its deficiencies. It does not inc
due to electrocautery devices in setting elect
levels for susceptibility testing. Electrocauter
best-known primary offenders in- terms of
emissions. For these reasons, it was decided t
a warning in the accompanying documents
device user.

There are no generally accepted specificatiof
levels of electromagnetic interference to which
should not be susceptible. When a recognized
this will be taken into account in the revisi
national Standard.

f 12) [6.8.2a)] An oxygen analyzer may
temperatures in the range of — 40 °C to

transport. The extremes are those that might 1
pected to be met in transport by air, land or s
of this requirement is to assure that an ana

interferende = —

lengths for all
y depending on
it manufacturers
users of the pro-

Electro-
h important, but
bliography (1] in
h the problem;
ude interference
romagnetic field
devices are the
electromagnetic
compromise on
to educate the

hs for minimum
medical devices
standard exists,
bn of this Inter-

be exposed to
+ 70 °C during
easonably be ex-
ba. The objective
yzer will still ‘be

as well as patient danger.

Yellow indicators are reserved for cautionary signals. Operator
attention is required, but not necessarily immediate operator
action.

Green indicators are reserved for indications of satisfactory
function. Green is not intended to be used as a power-on in-
dicator, unless the analyzer is ready for use and operating
within tolerance without any warm-up delay. For example, it is
not acceptable to have a green power-on indicator that il-
luminates sitmultaneously with a yellow warm-up delay in-
dicator. In a case such as this, the green indicator illuminates
only after the yellow indicator extinguishes.

operable-after exposure to these tempserature!
p

transport.

extremes during

It is recognized that some types of oxygen sensor probably can-
not withstand extremely low temperatures and that their
response time or expected useful life, or both, are likely to be
adversely effected. To account for this and to aliow such oxy-
gen sensors to be used because of their other desirable
benefits, a narrower non-operating temperature range is per-
mitted, provided that.a notice to that effect is printed on the
transport package and the actual range is disclosed in the ac-
companying documents. It is left to the manufacturer’s dis-
cretion to determine the details of such precautionary instruc-
tions.
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