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General Notes

This is the common ISA and UL, Standard for the Performance Requirements for Instruments Used to
Detect Oxygen-Deficient/Oxygen-Enriched Atmospheres. It is the first edition of ANSI/ISA-92.04.01 and
the first edition of ANSI/UL 920401. The document is a modification of the ISA document to create the
equivalent UL version and maintain the ANSI approval of this standard.

ANSI/ISA-92.04.01 and ANSI/UL 920401 contain identical requirements, and identical publication dates.

This common standard was prepared by the (ISA) — The International Society of Automation on November
15, 2007 bytis now being maintained by Underwriters | aboratories Inc (LI )

Note: Although the intended primary application of this standard is stated in its scope, it is important to nete that|it remains the
responsibility ¢f the users of the standard to judge its suitability for their particular purpose.
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Preface (ISA)

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-92.04.01-Part 1-2007 (R2022).

This document has been prepared as part of the service of ISA toward a goal of uniformity in the field of
instrumentation. To be of real value, this document should not be static but should be subject to periodic
review.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of ynits i i i i i i eparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA standards
of incorporgting suitable references to the Sl (and the metric system) in their business-and professional
dealings with other countries. Toward this end, this Department will endeavour to introduce S|-acceptable
its in all new and revised standards, recommended practices, and technical reports to the
ent possible. Standard for Use of the International System of Units \(SI): The Mqdern Metric
blished by the American Society for Testing & Materials as IEEE/ASTM Sl 10-97], and future
ill be the reference guide for definitions, symbols, abbreviations, and conversion fagtors.

System, pu
revisions, W

Itis the pol
in the deve
ISA standa
individual,
develops.

cy of ISA to encourage and welcome the participation of all‘concerned individuals gnd interests
lopment of ISA standards, recommended practices, and technical reports. Participation in the
rds-making process by an individual in no way constifutes endorsement by the emgloyer of that
bf ISA, or of any of the standards, recommended practices, and technical rep

CAUTION
VALIDITY
DISCLAIM

THIS DOGQUMENT. USERS ARE ADVISED"THAT DETERMINATION OF THE VALIDI

PATENT R

— ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR
DF ANY PATENT RIGHTS ASSERTED-IN CONNECTION WITH THIS DOCUMENT, AND ISA
5 LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE USE OF
OF ANY
GHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR OWN

RESPONS|BILITY.

PURSUANTT TO ISA'S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A
LICENSE DN A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE
ROYALTY | RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS. FOR MORE
INFORMATION ON'SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR VISIT
WWW.ISAIORG/STANDARDSPATENTS.

OTHER PA ETTER OF
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR DETERMINING WHETHER
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A
LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR
NON-DISCRIMINATORY.

ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
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APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER'S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF ANY
GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.
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Foreword ISA

The following editorial change was made to the reaffirmation of ANSI/ISA-92.04.01, Part 1-2007,
subclause 7.9.2, in order to provide consistency.

ANSI/ISA-92.04.01, Part [-2007

7.9.2 For instruments having meters or output signals, the following test gases at one normal atmosphere
shall be used to confirm the accuracy of the instrument:

1

0 — 5 percept

20 — 30 per
40 — 60 per
70 — 90 per
For instrum

ANSI/ISA-G

cent

cent

cent of range

ents having selectable ranges, the instrument shall be tested‘en all ranges.

2.04.01, Part I-2007 (R2013)

7.9.2 Forin

struments having meters or output signals, the following test gases at one normal

shall be usgd to confirm the accuracy of the instrument:

0 -5 perce
20 — 30 pen
40 — 60 pern
70 —90 pen

For instrum

nt of range

cent of range
cent of range
cent of range

ents having selectable ranges, the instrument shall be tested on all ranges.

atmosphere
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1 Scope

1.1 This Standard addresses the details of construction, performance, and testing of portable, mobile,
and stationary electrical instruments used to provide a warning of the presence of oxygen-deficient or
oxygen-enriched atmospheres.

NOTE — Human physiology responds to oxygen pressure, not oxygen concentration; however, they are physiologically equivalent at
one normal atmosphere. (See Clause 3, Normal atmosphere.) The normal atmosphere is composed approximately of 20.9 percent
oxygen (21.2 kPa) (3.07 psia), 78.1 percent nitrogen (79.1 kPa) (11.5 psia), and 1 percent argon (1.01 kPa) (.146 psia) by volume
with small amounts of other gases. Reference: National Institute for Occupational Safety and Health, (NIOSH), Pub. No. 80-106.

1.2 This i i ' V_nominal less, and to
portable, mpbile, and stationary battery-powered instruments.

1.3 This $tandard applies to instruments suitable for use in an ambient temperature range|of at least -
10°C to 509C (+14°F to +122°F).

1.4 This $tandard applies to instruments providing at least one range that'includes 15 to 20.9 (15.2 to
21.2 kPa) (R.20 to 3.07 psia) or 20.9 to 25.0 (21.2 to 25.3 kPa) (3.07 to 3.63 psia) volume pergent oxygen
at one normal atmosphere. Hereafter, the volume percentage of oxygen at*‘one normal atmosghere will be
expressed gs "percent oxygen."

1.5 This $tandard applies to instruments that provide at leastone oxygen-deficient alarm that cannot be
adjusted beglow 18 percent (18.2 kPa) (2.64 psia) oxygen or ‘at least one oxygen enrichment alarm that
cannot be gdjusted above 25 percent (25.3 kPa) (3.67 psia)'oxygen.

1.6 For ingtruments with multiple ranges, this Standard does not apply to any range that doeg not include
normal atrIospheric oxygen pressure (20.9 percent oxygen or 21.2 kPa [3.07 psia] at one normal
atmospherg).

1.7 This $tandard does not apply to axygen-monitoring instruments of the laboratory or sclentific type,
which are ysed for analysis or measurement in process control and process-monitoring applications or
instrumentsg with full-scale oxygen toncentrations less than 15 percent (15.2 kPa) (2.20 psig) or greater
than 30 percent (30.4 kPa) (4.4 1.psia) oxygen.

NOTE — The pser should specify instrumentation that will provide a higher level of accuracy than the minimum tolerances of this
Standard if required by the application risk.

1.8 The user should'be aware of the effects of altitude and barometric pressure on both the instrument
and the usgr. The effects are not intended to be evaluated by this performance Standard.

2 Purposeé

2.1 This Standard provides minimum performance requirements of electrical instruments for the
determination of oxygen (O,) content in air in order to enhance the safety of personnel.

2.2 ISA-RP92.04.02, Part Il, the companion recommended practice to this Standard, establishes user
criteria for the installation, operation, and maintenance of oxygen-monitoring instrumentation.

3 Definitions and terminology

For the purposes of this Standard, the following definitions apply:
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3.1

specific level of oxygen has been detected.

alarm: An audible, visual, or physical presentation designed to alert the instrument user that a

3.2 alarm-only instrument: An instrument that provides an alarm(s) but does not have an integral
display device indicating a specific oxygen level.

3.3 alarm

3.4 ambie

setpoint: The selected oxygen level(s) at which an alarm(s) is activated.

nt air: Air to which the sensing element is normally exposed.

3.5 calibration: The procedure to adjust the instrument for proper response (e.qg., reference, normal

level, span,

3.6 calibration gas: A gas mixture with a known oxygen content, used to set the instrume

alarm level(

3.7 clean
response of]

3.8 consumables: Those materials or components that are depleted or require periodic r

through nor

3.9 contrg

to oxygen, but responds to the electrical signal obtained from one or more detector heads to

indication, &

3.10 dete¢
area where
control unit.

NOTE — The
amplifying co

3.1
molecular

3.12 mobile instrument: A continuous-monitoring instrument mounted on a vehicle such

limited to, a

diffusion: A process by which the atmosphere being monitored is transported by natu

or alarm).

5), including, but not limited to, ambient air.

air: Air that is free of any substance that will adversely affect the operation
the instrument.

mal use of the instrument.

)l unit: That portion of a multi-part oxygen-monitoring instrument that is not directly

larm, or other output function.

ttor head: The oxygen-responsive portion of an oxygen-monitoring instrument log
sensing the presence of oxygen is\desired. Its location may be integral to or rem

Hletector head may incorporate «the_oxygen-sensing element and additional circuitry such as signal
ponents or circuits.

ovement to and-frem the oxygen-sensing element.

mining machine or industrial truck.

3.13 nominabvoltage: The voltage given by manufacturers as the recommended operating

ent span or

Dr cause a

bplacement

responsive
produce an

ated in the
bte from its

processing or

ral random

as, but not

voltage of

their oxygen-monitoring instruments. If a range (versus a specific voltage) Is given, the nom

shall be con

sidered as the midpoint of the range, unless otherwise specified.

nal voltage

3.14 normal atmosphere: The pressure exerted by a vertical column of 76 cm of mercury of density

13.5951 g/c

1 Atmosph

m? at a place where the gravitational acceleration, g, is 980.665 cm/sec?.

1.01325 x 106 dyne/cm? (exactly) or
101.325 kPa (kilopascals exactly)
760.00 mm of Hg

14.696 psia

29.921 in. of Hg at 0°C (32°F)

ere
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All of the preceding units are referenced at 0°C (32°F). (Reference: Handbook of Chemistry and Physics ,
76 edition [1995-96], CRC Press, Inc., Boca Raton, Florida.)

3.15 oxygen: Interchangeable within this document for "O," or "oxygen gas."

3.16 oxygen deficiency: A significant reduction in oxygen content of an atmosphere from that of the
surrounding ambient air.

3.17 oxygen enrichment: An increase in oxygen content of an atmosphere from that of the surrounding
ambient air.

3.18 oxyd;en-monitoring instrument: An assembly of electrical, mechanical, and chemical
that senseq and reports the content of oxygen in air.

components

NOTE - For ¢

bnvenience, the term "instrument" is used as an abbreviation for "oxygen monitoring instrument" within t

3.19 oxygen-sensing element: The particular subassembly in the oxygen-monitoring instru

the presen

3.20 port

be carried |

NOTE — This {

3.21

3.22 sam
monitored

3.23 sig
processing
a condition
process in

instruments.

rang

e of oxygen, produces a corresponding electrical, chemical, or physical characteris

hble instrument: An instrument that is self-contained, battéry-operated, transporta
y an individual.

ype of instrument is intended to operate continuously for 8 hours{or more.

e: The percentage or pressure of oxygen over which accuracy is ensured by calibrg

le draw: A method of gas samplingtthat causes deliberate flow of the atmos
an oxygen-sensing element.

I-processing detector head: An instrument intended to be incorporated with se
data acquisition, central ménitoring, or other similar systems in which the instrum
bd electronic signal or output indication to systems of the aforementioned type, wh
ormation from variqus. locations and sources including, but not limited to, g4

3.24 span: The algebraic difference between the upper and lower values of a range.

3.25 stat
fixed locati

}2.

nary.instrument: An oxygen-monitoring instrument intended for permanent insf

is Standard.

ment that, in
tic(s).

ble, and can

tion.

bhere being
arate signal
bnt provides

ich typically
s detection

allation in a

3.26 test gas: A gas containing a percentage of oxygen known to within 0.25 percent in nitrogen or other
inert gas(es) at one normal atmosphere at reference temperature.

3.27 trouble signal: A signal (contact transfer or signal [visible or audible]) that alerts an instrument user
of abnormal conditions such as input power failure, an open circuit breaker, a blown fuse, loss of continuity
to the detector head, defective oxygen-sensing element, or significant downscale indication.

4 General requirements

41
instrument

safety requirement of ANSI/ISA-61010-1 (82.02.01). (See Annex A.)

Oxygen-monitoring instruments shall meet the applicable electrical and electronic measuring


https://ulnorm.com/api/?name=UL 920401 2022.pdf

ANSI/ISA-92.04.01, Part 1-2007 (R2022) ¢+ ANSI/UL

18 920401 MARCH 15, 2022

4.2 Any portion of a stationary oxygen-monitoring instrument and all portable instruments that are
intended for installation or use in a hazardous (classified) location shall be suitable for use in the location.
(See NFPA 70, Articles 500-504.)

NOTE — Oxygen enrichment presents increased ignition risk, especially in a hazardous (classified) location. This Standard should not
be interpreted as suggesting that these instruments may be used routinely in oxygen-enriched atmospheres.

4.3 All oxygen-monitoring instruments shall meet the minimum construction and test requirements
contained in this Standard. If the manufacturer makes performance claims that exceed these
requirements, all such claims shall be verified to the satisfaction of testing laboratory.

5 Constryction
5.1 Genenal
5.1.1 Oxygen-monitoring instruments, their components, and remote detector heads |specifically
intended forf use in the presence of corrosive vapors or gases shall be constructed of materigls resistant
to, or protegted against, corrosion.
5.1.2 Instrments of the sample-draw type shall include the sample-pumping mechanism.
5.2 Meters, indicators, and outputs
5.2.1 Instrpments having an integral meter to indicate oxygen percentage or pressure shall employ a
meter having sufficient resolution to permit measurement with the precision required for performing the
tests referemced herein.
5.2.2 Nonlinear scales or indicators are permissible when prominently and clearly noted in thg instruction
manual.
5.2.3 Instruments that employ digital (displays shall provide a means to indicate to the uger that an
oxygen perg¢entage or pressure outside‘the range of the instrument has been detected.
5.2.4 When auxiliary outputsi(e.g., 4-20 mA) from the gas detection instrument are proyided, their
malfunction|shall not adversely’affect instrument alarm functions.
5.2.5 Devices (suchlas switches) that disable alarm or trouble outputs or signals are acceptable if the
following criteria are met:

a) Alarms; trouble outputs, and signals are automatically enabled when the device is Jreturned to

the pUIat;llu (IIUIIIIG:) IIIUdU.

b) A distinctive visual or audible indication, or both, and a distinctive output signal are provided
when the device is in the disable (bypass) mode.

c) Local (i.e., at the instrument) visual alarm indications are not disabled.

5.2.6

Instruments of the sample-draw type shall incorporate a device to indicate either adequate or

inadequate flow. In portable instruments, the flow device may be omitted provided that the instruction
manual contains detailed instructions, as required by 6.2.1.
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5.3 Alarm/output function(s) (where provided)

5.3.1 All stand-alone gas detection instruments shall include alarm functions. Signal processing heads,
approvable under this Standard, are designed as components of a data acquisition, central monitoring, or
similar system in which the alarm and malfunction are inherently part of the system and, hence, alarm
functions are not separately required as part of the sensing head.

5.3.2 The instrument shall employ an integral alarm device or provide outputs intended to indicate the
specific minimum or maximum percentage or pressure of oxygen. Alarms shall be of the latching type,
requiring a deliberate manual action to reset. If two or more setpoints or alarm positions are provided to
show progressively greater degrees of oxygen depletion or enrichment, the higher of the two depletion

alarms or tfie Tower of the Two enrichment alarms may be nonlatching.
5.3.3 Thellatching requirement may be omitted, or a defeating option permitted, if a clear and prominent
statement ih the instruction manual recommends that the instrument be connected te_an auxiliary system

that accom

EXCEPTIO

to be carrie

534 Al
function. If
alarm func
instrument

5.3.5 All

blishes the same purpose as latching.

N: The latching requirement may be omitted on personal gas detection instrumen
d at all times when in use.

nstruments monitoring between 16 and 25 percent_oxygen shall have at leas
the instrument has alarm functions for oxygen-enriched atmospheres, at least o
ions shall be fixed or adjustable to a nominal setting of 25 percent oxygen or

ts designed

one alarm
ne of these
less. If the

has alarm functions for oxygen-deficient atmospheres, at least one of these alagm functions
shall be fixg¢d or adjustable to a nominal setting of 18 percent oxygen or more.

portable oxygen-monitoring instruments “shall be provided with a distinguish

indicating lpw-battery condition. This alarm shall@perate for a minimum of 5 minutes, during w

erratic read

ings or false alarms are permitted.

able alarm
hich time no

5.4 Troulle signals
5.4.1 Whre applicable, oxygen-monitoring instruments shall provide for a signal transfe[ or contact
transfer to produce a trouble signal in the event of

a) ppwer failure to the instrument;

b) opening of.a Circuit protection device;

c) Igss.ef continuity in any of the electrical conductors or other links to any detector head; and

d) sUuch signal or contact transier shall be independent of other alarms, shutdown signals, and
contact transfers.

NOTE - It is desirable to provide a trouble signal for an oxygen-sensing element failure.

5.4.2

In the event of flow outside the manufacturer’s stated flow rate range, stationary and mobile

sample-draw gas detection instruments shall be provided with flow-proving devices that produce a trouble
signal in the form of a contact or signal transfer. All portable sample-draw instruments shall be provided
with an audible or visual signal that indicates flow outside the manufacturer’s stated flow rate.

5.5 Controls and adjustments

5.5.1
required.

All instruments shall be provided with means for facilitating calibration checks and adjustments, as
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5.5.2 Calibration, zero, and alarm(s) setting shall be designed to minimize the possibility of unauthorized

or accidenta

| readjustment and shall require a key, code, or tool for adjustment.

5.6 Consumables

5.6.1

Instruments powered by integral batteries shall be capable of continuous operations at a

temperature of -10°C (14°F) for a period of at leas t 8 hours, including 15 minutes of maximum load (i.e.,
continuous alarm, lights, etc.) without replacement or recharge of batteries.

5.6.2 Portable and mobile instruments requiring consumables shall be capable of operating a minimum

of 8 hours w

ithout replacement or replenishment of such consumables.

6 Instrum
6.1
6.1.1 The

6.1.2 The

manner on ¢ach instrument in the following manner, as applicable:

a) H
instr

b) F
visib|
of al

6.1.3 Instr
atleast 3 m
high.

NOTES

1. Fo
the ci
locati

2. Fo
marki
asser

ent markings and instruction manuals

Markings on instrument

markings required in this Clause are in addition to the marking requirements contair

markings required by this Standard shall appear in a clearly)legible, visible, and

iment and on any removable carrying case, if the case obscures the markings requ

pr stationary instruments, the markings required shall appear in a location where
e after installation and in direct sight during-the routine periodic recalibration and
hrm setpoint(s).

m (0.12 in.) high. The balance'of the wording is to be in capital letters at least 2.5 m

instruments that comprise a control unit and a remote detector head, it is sufficient that the marking s
ntrol unit only; howeéver, if routine recalibration can be accomplished entirely by adjustments at the rg
n(s), this marking shall appear both on the control unit and on the remote detector head.

modulac centrol units comprising one or more control modules in a common enclosure or mounting
hg need not be repeated on each module, but may appear as a single marking on the common
hbly:

edin4.2.

permanent

or portable instruments, the markings shall appeah both on the outside surface of the

red.

hey will be
adjustment

Lments shall be marked “CAUTION:— READ AND UNDERSTAND INSTRUCTION MANUAL
BEFORE OPERATING OR SERVICING.” The word "CAUTION" of the foregoing shall be in cz

pital letters
m (0.10in.)

hall appear on
mote detector

lassembly, the
portion of the

3. For instruments that lack sufficient space for required markings or for instruments having interchangeable gas-sensing
elements, the marking shall be provided on permanent labels or tags that are attached to the instrument by the
manufacturer or user.

6.1.4

Where the design of special features of the instrument requires additional markings or changes in

marking requirements, the revisions are allowed, but the safety and instructional intent of 6.1 must be met.

6.1.5 The manufacturer's stated temperature range over which the detector heads will perform within
specifications shall appear in a clearly legible, visible, and permanent manner on each detector head. If
multiple or interchangeable gas-sensing elements are provided in a common housing, the most restrictive
temperature range shall be used.
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6.1.6 The range of oxygen-monitoring shall be indicated on the instrument. Any markings on the
instrument that refer to this Standard shall state that the requirements of this Standard apply only to the

range from
6.2

6.2.1
shall contai

15 to 25 percent oxygen at one normal atmosphere.

Instruction manual

n the following information:

Each instrument shall be provided with an instruction manual, furnished by the manufacturer, which

a) A list of desensitizing, contaminating, or interfering substances that are known to the
manufacturer and that may adversely affect proper operation of the instrument. Warning as to the

effe

NOT]
or ot
a de
list.

b) 1
reaq

c)T

d)T
too

e) Ipstructions and recommended frequencies fof<checking and calibrating (1) on a rg

2) 1
con

fyC

9) A
zerg

ctsof oxygen-enrichedoroxygen-deficient atmospheres mustbeinctuded:

E — Recognizing that it is difficult to compile a complete list of all possible desensitizing or contaminating
er substances, it is recommended that the manual also include either the generic description 6fthe sen
cription of its properties, so that the user can evaluate the probable effect of contaminantsithat are not

he effect of barometric pressure changes, due to either weather or altitude,
ings relative to one normal atmosphere, and the precautions to be-taken.
he effects of temperature changes.

he effect of water vapor (humidity) in displacing oxygen$.and thereby reducing read
ne dry, normal atmosphere.

pllowing exposure to desensitizing or contaminating substances, and (3) following
centrations causing operation of any alarm.

bmplete installation and initial start-upfinstructions.

list of operating adjustments “and instructions for setting adjustments (e.g., ala
, and span adjustments).

h) O
inst

etails of instrument operational limitations (e.g., ambient temperature limits for all
ument, minimum warm-up time, humidity range, voltage range, maximum loop res

minimum wire size_for wiring between the control unit and remote detector head|

shiglding of wiring,‘\grounding requirements, battery life, accuracy, response times, m
minimum storage‘temperatures, pressure effects and limits, sample-draw lag times, an

limits).

i)
pe

r..multi-gas detection instruments, a list of gases for which the instrumen
rinance tested.

gases, vapors,
bing element or
included in the

in affecting

ngs relative

utine basis,

exposure to

'm setpoint,

parts of the
stance, and
5], need for

zximum and

air velocity

has been

j) Instructions to clearly indicate the nature and significance of all alarms, trouble signals, and any
provisions that may be made for silencing or resetting of these alarms.

k) Instructions for the installation and operation of any accessories provided.

) A list of available options.

m) For instruments of the sample-draw type, detailed instructions to ensure that sample lines are
intact and proper flow is established.

n) For instruments of the sample-draw type, instructions to indicate the minimum and maximum
flow rate or range of flow rates, tubing specifications, sample-draw lag times, and materials suitable
for transportation lines for proper operation.
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0) An operational review to determine possible sources of malfunction and the corrective
procedures, including periodic servicing of the instrument.
p) A listing of consumable and replacement components and the expected life/usage rate and
recommendations for storage and installation instructions of each item, with an emphasis on the
oxygen-sensing element.
g) Minimum and maximum operating voltages for both battery-operated and line-powered
instruments.
r) A listing by manufacturer and model number of recommended batteries for portables (not
necessarily all-inclusive).
s) Information concerning effects of externally generated electromagnetic interferenge (EMI) on
instrbment performance. Likewise, information concerning any EMI generated by'the instrument, if
such EMI could be detrimental to other nearby instrumentation.
t) The specific type(s) of calibration gas to be used (e.g., ambient air, nitrogen/oxygen mixtures,
etc.)
u) Information concerning nonlinear ranges, indicators, and outputs,
v) Relationship between any outputs and oxygen concentration/pressure.
w) Af[recommendation for external alarm latching when<§on=latching alarms are provided.

6.2.2 For [signal-processing detector heads, the manufacturer shall supply with the ingtrument a

specification that describes the relationship that the gas.eoncentration detected by the instrumgnt has with

the corresp
accuracy of
data showi
concentratiq
calibration r

6.2.3 The
information

7 Perform
71

7.1.1 The

Genernal

bnding output signal or indication. Such specification shall be detailed to the ext
the output or signal indications can. he, verified. As a minimum, the manufacturer s
hg the relationship between the-output signal or indication of the instrumen
ns corresponding to 20 to 30‘percent, 40 to 60 percent, and 70 to 90 percq
Ange.

design or special nature of the instrument may require additional instruction
that is in contradiction of, or in addition to, the requirements of 6.2.1 and 6.2.2.

ance tests

bnt that the
hall provide
t and gas
nt of each

or special

fests'described in 7.5 through 7.20 are in addition to the requirements specified in G

lause 4.

7.1.2 The instrument to be tested shall be fully representative of instruments intended for commercial
production, and the same instrument shall be subjected to all tests applicable to that type of instrument.

7.1.3 Unw

arranted (false) alarms shall be considered failure of the tests.

7.1.4 The tolerances of the test gas concentrations shall be included in the uncertainty of the instrument

indications.

7.2 Sequence of tests

The sequen

ce of tests shall correspond to the order of these paragraphs.
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EXCEPTION: The tests described by 7.11 through 7.17 may be performed in any order following the test
described by 7.10, but before the test described by 7.18.

7.3 Preparation of the instrument

7.3.1 The instrument selected for testing shall be prepared as if for actual service, including all
necessary interconnections and initial adjustments, in accordance with the manufacturer’s instruction
manual.

7.3.2 For instruments having remote detector heads, all tests shall be performed with resistance(s)
connected in the detector circuit to simulate the maximum line resistance specified by the instrument

manufacturer (except where the minimum line resistance offers a more stringent test in the judgment of
the testing [aboratory).

7.3.3 Forlsignal-processing detector heads, adequate means for interpreting the.output signal shall be
provided

7.4 Condijtions for test and test area

7.4.1 Excppt as otherwise indicated herein, all tests shall be performed at the nominal system voltage
and frequehcy marked on the equipment (or specified in the instruction manual), or with ffesh or fully

charged bafteries, as applicable.

7.4.2 Exc

18° to 30°(
during the test shall be made.

7.4.3 Exc
humidity in

7.4.4 Exc
more than

induced by
devices th3

745 For

head to sp

protective n

7.4.6 For
head shall

(64° to 86°F) and at one normal atmosph.ere. Corrections for changes in ambie

bpt as otherwise indicated herein, tésts may be performed in ambient air havin
the range of 30 to 70 percent. Corrections shall be made for water vapor displacing

bpt as otherwise indicated-herein, tests are to be performed in relatively still air
1 meter per second (m/s) (3.3 feet per second [f/s])} other than those currents
convection due to the natural heating of the equipment under test or caused by
t are part of the equipment under test.

purposes of the tests in 7.7 through 7.20, where reference is made to exposing
ecified gas-mixtures or to other specified conditions, normally attached diffusior]
nechanical parts shall remain attached.

instruments intended to be used with more than one remote detector head, only ¢

ept as otherwise indicated herein, tests may be\performed at any temperature in the range of

nt pressure

g a relative
oxygen.

velocity not
hat may be
air-moving

he detector
devices or

ne detector

be exposed when tests call for the exposure of the remote detector head to a speci

fied test gas

or other specified set of conditions. Dummy electrical loads (e.g., fixed resistors) may be substituted for
additional detector heads, but if additional detector heads are used, all other detector heads shall be
exposed to clean air and normal conditions as described in 7.4.2 through 7.4.4.

7.4.7 The instrument under test may be adjusted or recalibrated prior to the start of each of the tests
described in 7.7 through 7.20. However, no further adjustments or recalibration shall be carried out for the
duration of that test except for the corrections allowed by 7.4.2 and 7.4.3.

7.4.8 Unless otherwise indicated herein, the instrument shall be allowed to stabilize under each different
test condition before measurements are taken.
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NOTE - An instrument shall be considered to be stabilized when three successive observations of the indication taken at 5-minute
intervals indicate no further significant change from the initial reading. A significant change is defined as a variation in reading greater
than 0.2 percent oxygen.

7.4.9 For alarm-only instruments, a tolerance of 0.5 percent oxygen applies to the nominal alarm setpoint
value. One alarm setpoint shall not be adjustable below 18 percent oxygen.

7.4.10 For selectable range instruments, the tests of 7.9 through 7.17 shall be performed with the
instrument set at all ranges unless specifically stated otherwise.

7.5 Non-powered transportation

7.5.1 To epaluate instruments for typical transportation environmental ranges, all parts of\theg instrument
shall be exposed sequentially to the following conditions:

a) Tgmperature of -35°C (-31°F) and one normal atmosphere for at least 24 hours.
b) Ambient temperature and humidity for at least 24 hours.
c) Tgmperature of 55°C (131°F) and one normal atmosphere for atleast 24 hours.
d) Ambient temperature and humidity for at least 24 hours.

e) Cphange pressure from 1 normal atmosphere (101.3 KRa) (14.7 psia) to 0.5 normal atmosphere
(50.7 kPa) (7.35 psia) in at least 5 minutes, then hold for at least 2 hours at ambient tgmperature.
Char]:ge pressure back to 1 normal atmosphere in atleast 5 minutes.

f) Ambient temperature and humidity for at least 24 hours.
7.6 Drop tfest

7.6.1 This|test is applicable only to portable instruments.

7.6.2 While in the operating mode;.the instrument (less any removable case, unless otherwige specified
by the manyfacturer) shall be released from a height of 1 m (3.3 ft.) above a concrete surface gnd allowed
to free-fall.

7.6.3 The [test required\by 7.6.2 shall be performed three separate times, each time relegsed with a
different surface, edge;-or corner of the instrument facing down at the time of release.

7.6.4 The |nstrument shall be considered to fail this test if it is inoperative after the test.

NOTE - Failures resulting from this test may not become apparent until future tests are conducted.

7.6.5 For the tests of 7.6, multirange instruments need to be tested only on one range, which shall
include 20.9 percent oxygen.

7.7 Vibration
7.7.1 The vibration test machine shall be capable of producing a vibration of variable frequency and
adjustable constant excursion (or adjustable constant acceleration peak) with the instrument under test

mounted in place, as required by the test procedure.

7.7.2 While in the operating mode in clean air, all instruments shall be mounted on the vibration test
machine and vibrated successively in each of three mutually perpendicular directions, respectively,
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parallel to the edges of the instrument. The instrument shall be mounted on the vibration test machine in
the same manner and position as intended for service using any resilient mounts, carriers, or holding
devices that are provided as a Standard part of the instrument. The instruments shall be vibrated over a
frequency range of 10 to 30 Hz at a total excursion of 1 mm (0.04 in.), and 31 to 100 Hz at a 2 g peak
acceleration for a period of 1 hour in each of three mutually perpendicular directions. The rate of change of
frequency shall not exceed 10 Hz per minute (Hz/min.).

7.7.3 The instrument shall not give any false alarms; there shall be no loose components or damage to
the enclosure that could cause a shock hazard. The instrument shall be considered to fail this test if it is
inoperative after the test.

NOTE - Failufes Tesutting from thistestay ot become apparent unti-fotore testsare conaucted:

7.8 Initial calibration and set-up
7.8.1 The

include, bu

gas used for calibration shall be the manufacturer’s recommended. calibration
is not limited to, ambient air or oxygen mixed with inert gases.

gas. It may

7.8.2 The| instrument shall be calibrated for testing in accordance with this Standard b
manufacturer’'s recommended calibration equipment and specified calibration procedures.

y using the

7.8.3 The
of the inten

manufacturer’s recommended calibration equipmentshall be capable of matching the results
Hed method of monitoring within 0.5 percent oxygeh:.

7.9 Accuracy

7.9.1 Detgctor head(s) shall be exposed to knownyvolumetric mixtures of test gas(es) using {he intended

method of
instrument
content of t

jas monitoring or alternate gas presentation method, as verified by the testing la
shall be considered to have failed this test if its indication is not within 0.5 per
he test gas.

boratory. An
ent oxygen

bne normal

7.9.2 For|instruments having meters or output signals, the following test gases at
atmospher¢ shall be used to confirm the accuracy of the instrument:

0 — p percent of range

20 + 30 percentefrange
40 4 60 pereent of range
70 1 90percent of range

For instruments having selectable ranges, the instrument shall be tested on all ranges.

7.9.3 For instruments with adjustable alarms, it is necessary to test each alarm at only one setpoint. For
alarm-only instruments, a test gas that exceeds the nominal alarm setting by 0.5 percent oxygen, and a
test gas that is 0.5 percent oxygen below the nominal alarm setting shall be used to confirm the accuracy
of each fixed alarm:

a) Oxygen deficiency alarms with settings between 16 and 20 percent oxygen shall be activated by
test gas at-or-with a lower oxygen content, but shall not be activated by test gas with a higher
oxygen content.
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b) Oxygen enrichment alarms with settings between 22 and 25 percent oxygen shall be activated
by test gas at-or-with a higher oxygen content, but shall not be activated by test gas with a lower
oxygen content.

c) The time of exposure to each test gas concentration shall neither be less than 5 minutes nor
greater than 10 minutes.

7.9.5 For sample-draw instruments, the accuracy test shall be conducted at both the minimum and
maximum sample flow rates given by the manufacturer. Unacceptable performance at either flow rate shall
constitute failure of the test.

7.10 Repgatabitity

7.10.1 For
range shall
exposures.
percent oxy|
be tested o

7.10.2 For
oxygen and
times to the

a)o
test
a hig

b) O
by te
with

c) Tk
than

7.10.3 For
the minimur

at either floy

7.11 Step

instruments having meters or output signals, a test gas in the 70 to 90 percent
be applied three times to the detector head, allowing for a maximum of 180 Secon
An instrument shall be considered to have failed this test if any indications are ng
gen of the average indication. For instruments having selectable ranges, the instr
all ranges.

alarm-only instruments, a test gas that exceeds the nominal alarm setting by

detector head, allowing for a maximum of 180 secondS®between exposures.

kygen deficiency alarms with settings between 16.and 20 percent oxygen shall be 4

her oxygen content when applied.

kygen enrichment alarms with settingssbetween 22 and 25 percent oxygen shall 4
st gas at-or-with a higher oxygen coftent when applied, but shall not be activated
A lower oxygen content when applied.

e time of exposure to each gas concentration shall neither be less than 5 minutes
10 minutes.

sample-draw instruments, the aforementioned repeatability test shall be condug
h and the maximum sample flow rates given by the manufacturer. Unacceptable p

v rate shall canstitute failure of the test.

change response and recovery

NOTE - Fori

&

while scanninglall'ehanpels

truments having multiplexed or scanned channels, the step-change response and recovery test must

calibration
s between
t within 0.5
iment shall

D.5 percent

a test gas that is 0.5 percent oxygen below the nominalCalarm setting shall be applied three

ctivated by

jas at-or-with a lower oxygen content when applied, but shall not be activated by t¢st gas with

e activated
by test gas

nor greater

ted at both
erformance

be conducted

7111

The detector head of oxygen deficiency instruments, after initially being in clean air, shall be

exposed suddenly to a test gas between 0 and 5 percent oxygen. From the instant of exposure to this
mixture, the instrument shall reach its lowest setable or fixed alarm point within 5 seconds. After
stabilization, the test gas shall be removed and the detector head returned to clean air. The instruments,
meters and signal levels shall return to at least 19 percent oxygen within 30 seconds.

7.11.2 The detector head of oxygen-enrichment instruments, after initially being placed in clean air, shall
be exposed suddenly to a test gas of 35 to 40 percent oxygen. From the instant of exposure to this
mixture, the instrument shall reach its highest setable or fixed alarm point within 5 seconds. After
stabilization, the test gas shall be removed and the detector head returned to clean air. The instruments,
meters and signal levels shall return to at most 23 percent oxygen within 30 seconds.
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NOTE — Precautions normally observed with high levels of oxygen should be taken.

7.11.3 For sample-draw-type instruments, the transportation lines should be as short as practical.

NOTE - The Step Change Response and Recovery Test evaluates response time of the instrument only; it does not consider

transport time

of sample lines.

7.11.4 For sample-draw-type instruments, the manufacturer’s stated response times for maximum

sample line

length and size and lag times shall be verified.

7.11.5 For alarm-only instruments, after 2 minutes the test gas shall be removed and the detector head

exposed to
712 Sup

7121 Fo
exposed to
nominal vo
alarms shg
oxygen. All
above 22
actuation o

NOTE - The
from the sourd

71211 H
variation in

7.12.1.2 H
extreme ac
10 minutes

a) V)
test
toa

b) W
ate
toa

bicdll a;l. A“ didl LLEES) bi |a“ bicdl Ul IUU |cbctta'uit: VV;t;IiII 30 o CULUI IUID.
bly voltage variation
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exposed to either clean air or test gas as noted, the supply voltage shall first be decreased to 87.5 percent
of nominal voltage and then increased to 122.5 percent of nominal voltage. All adjustable oxygen
deficiency alarms shall be set to operate at 20 percent oxygen or the highest available level below 20
percent of oxygen. All oxygen-enrichment alarms shall be set to operate at 22 percent or the lowest
available level above 22 percent oxygen. As a result of these tests, there shall be no instrument
malfunction or false actuation of the alarm(s).

NOTE - The method of causing these step changes in voltage shall simulate the effect of a heavy load being added to or removed
from the source of supply; i.e., there shall be no actual interruption of the voltage supply during the voltage transition.

7.12.21 Forinstruments having meters or other outputs, with the detector head exposed to clean air, the
variation in the meter or other output from actual concentration shall not exceed 0.5 percent oxygen.
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7.12.2.2 For alarm-only instruments, at least one alarm setpoint for each alarm shall be tested at the
extreme dc voltage levels. The time of exposure to each test gas shall neither be less than 5 nor more than

10 minutes.

a) Within this time period, the oxygen-deficient instruments alarm shall activate when exposed to a
test gas 1 percent oxygen below the alarm setpoint concentration and not activate when exposed
to a test gas 1 percent oxygen above the alarm setpoint concentration.

b) Within this time period, the oxygen-enrichment instruments alarm shall activate when exposed to
a test gas 1 percent oxygen above the alarm setpoint concentration and not activate when exposed
to a test gas 1 percent oxygen below the alarm setpoint concentration.
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air and test gas of a concentration with 1 percent oxygen less than the lowest alarm setting for oxygen
deficiency alarms, or 1 percent oxygen more than the highest oxygen-enrichment alarm.

7.12.5 Portable instruments shall be subjected to five momentary power interruptions, ranging from
approximately 0.1 second to 5 seconds, with the detector exposed to clean air. Following each
interruption, the instrument shall be allowed time (not to exceed 150 seconds) to return to normal
operating conditions. There shall be no incorrect instrument functions when the power is interrupted
(applied or removed), with the detector exposed to both clean air and test gas of a concentration with 1
percent oxygen less than the lowest alarm setting for oxygen-deficiency alarms or 1 percent oxygen more
than the highest oxygen-enrichment alarm.

7.12.6 Output inhibit circuits activated upon power application are permitted, provided the status of the
inhibit is visually indicated.
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7.13 Temperature variation

7.13.1 All instruments first shall be calibrated in accordance with 7.8, with all parts of the instrument at
ambient temperature. The instrument then shall be placed in a test chamber. The temperature of the test
chamber shall be adjusted first to 50°C (122°F), th en ambient, and then -10°C (14°F). Stabilization ti me
shall be as stated by the manufacturer, but not less than 2 hours. Then the detector head shall be exposed
to a test gas of 20.9 percent oxygen and tested at each temperature.

7.13.2 For instruments with meters or other output signals, and having the detector head integral with or
directly attached to the control unit, the entire instrument shall be placed in the test chamber. At the two
temperature extremes, the meter or output indication shall not vary from the initial stabilized ambient
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c) The detector head shall then be exposed to at least 90 percent RH at ambient temperature for 2
hours. The detector head shall then be exposed to ambient temperature test gas between 20.4 and
21.4 percent oxygen and at least 90 percent RH.

NOTE - Relative humidity values are to be accurate within 5 percent.

7.14.1 For instruments having meters or other output signals, the meter and output indications at each
humidity extreme shall not vary from the 50 percent relative humidity exposure indication by more than 0.5
percent oxygen after correcting for displacement by water vapor.

7.14.2 For alarm-only instruments, at least one alarm setpoint for each alarm shall be tested at each
humidity level. The time of exposure to each test gas shall neither be less than 5 nor more than 10
minutes.
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