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Summary of Topics

This revision of ANSI/UL 920401 dated March 15, 2022 is being issued to update the title page to
reflect the most recent designation as a Reaffirmed American National Standard (ANS). No
technical changes have been made.

Adoption of ANSI/ISA-92.04.01, Part 1-2007 (R2013), Standard for Performance Requirements for
Instruments Used to Detect Oxygen-Deficient/Oxygen-Enriched Atmospheres as ANSI/UL 920401.
As noted in the Commitment of Amendments statement located on the back side of the title page,
UL and ISA are committed to updating this co-designated standard jointly after processing
according to the standards development procedures by UL.

Text that has been changed in any manner or impacted by UL's electronic publishing system is marked
with a vertical line in the margin.

These requirements are substantially in accordance with Proposal(s) on this subject dated January 21,
2022.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.ULN
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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 but is now being maintained by Underwriters Laboratories Inc. (UL).

Note: Although the intended primary application of this standard is stated in its scope, it is important to note that it remains the
responsibility of 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).i

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 units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA standards
of incorporating suitable references to the SI (and the metric system) in their business and professional
dealings with other countries. Toward this end, this Department will endeavour to introduce SI-acceptable
metric units in all new and revised standards, recommended practices, and technical reports to the
greatest extent possible. Standard for Use of the International System of Units (SI): The Modern Metric
System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-97, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and interests
in the development of ISA standards, recommended practices, and technical reports. Participation in the
ISA standards-making process by an individual in no way constitutes endorsement by the employer of that
individual, of ISA, or of any of the standards, recommended practices, and technical reports that ISA
develops.

CAUTION – ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND ISA
DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE USE OF
THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF ANY
PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR OWN
RESPONSIBILITY.

PURSUANT 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 ON 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.ISA.ORG/STANDARDSPATENTS.

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER 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 PATENTAND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 9
20

40
1 2

02
2

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


8
ANSI/ISA-92.04.01, Part 1-2007 (R2022) ♦ ANSI/UL

920401 MARCH 15, 2022

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 MUSTALSO 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.

This standard was originally published as ANSI/ISA-92.04.01, Part I-1996. In 2007, the standard was
reaffirmed but had passed the 10-year ANSI approval period and, therefore, was approved by ANSI as a
new standard, ANSI/ISA-92.04.01, Part I-2007.

The following people served as members of STP 9200 and participated in the review of this Standard:

NAME COMPANY
*J. Miller MSA Innovation LLC
F. AlSahan Saudi Aramco
R. Chalmers Industrial Scientific Corp.

J. Chin CSA Group

M. Coppler LabTest Certification Inc.

G. Edwards Det-Tronics
G. Garcha Gurinder Garcha Consulting

C. Gestler MSA Innovation LLC
*W. Lawrence FM Approvals

S. Henney FM Approvals LLC

M. Marrington Index

D. Mills UL LLC
B. Saxinger BW Technologies by Honeywell

D. Schedler Rosemount Inc.
J. Schenayder Dooley Tackaberry Inc.

R. Seitz ARTECH Engineering

M. Shaw Sensor Resource Inc.
J. Thomason Omni Industrial Systems Inc.

L. Vlagea General Monitors

D. Wechsler American Chemistry Council

* Non-voting member
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The following members of ISA92 approved this document.

NAME COMPANY
J. Miller, Chairman Detector Electronics Corporation

R. Seitz, Vice Chairman Artech Engineering

M. Coppler, Managing Director Ametek Inc.

C. Brown Enmet Corporation

P. Byrne FM Approvals

B. Henderson Chevron USA Inc.
R. Masi Detcon Inc.
D. Mills Underwriters Laboratories Inc.
A. Spataru Adept Group Inc.

J. Thomason Omni Industrial Systems Inc.

This document was approved by the ISA Standards and Practices Board on 15 November 2007.

NAME COMPANY
T. McAvinew, Vice President Jacobs Engineering Group

M. Coppler Ametek Inc.

E. Cosman The Dow Chemical Company

B. Dumortier Schneider Electric
D. Dunn Aramco Services Company

J. Gilsinn NIST/MEL
W. Holland Consultant
E. Icayan ACES Inc.

J. Jamison Jamison & Associated Ltd.
K. Lindner Endress+Hauser Process Solutions AG
V. Maggioli Feltronics Corporation

A. McCauley Chagrin Valley Controls Inc.

G. McFarland Emerson Process Mgmt Power & Water Solutions

R. Reimer Rockwell Automation
N. Sands E I du Pont
H. Sasajima Yamatake Corporation

T. Schnaare Rosemount Inc.
J. Tatera Tatera & Associates Inc.
I. Verhappen MTL Instrument Group

R. Webb Robert C Webb PE
W. Weidman Worley Parsons

J. Weiss Applied Control Solutions LLC

M. Widmeyer Consultant

M. Zielinski Emerson Process Management
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Foreword ISA

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

ANSI/ISA-92.04.01, Part I-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:

0 – 5 percent

20 – 30 percent

40 – 60 percent

70 – 90 percent of range

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

ANSI/ISA-92.04.01, Part I-2007 (R2013)

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:

0 – 5 percent of range

20 – 30 percent of range

40 – 60 percent of range

70 – 90 percent of range

For instruments having selectable ranges, the instrument shall be tested on all ranges.
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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 Standard applies to mains-connected instruments rated at 250 V nominal or less, and to
portable, mobile, and stationary battery-powered instruments.

1.3 This Standard applies to instruments suitable for use in an ambient temperature range of at least -
10°C to 50°C (+14°F to +122°F).

1.4 This Standard applies to instruments providing at least one range that includes 15 to 20.9 (15.2 to
21.2 kPa) (2.20 to 3.07 psia) or 20.9 to 25.0 (21.2 to 25.3 kPa) (3.07 to 3.63 psia) volume percent oxygen
at one normal atmosphere. Hereafter, the volume percentage of oxygen at one normal atmosphere will be
expressed as "percent oxygen."

1.5 This Standard applies to instruments that provide at least one oxygen-deficient alarm that cannot be
adjusted below 18 percent (18.2 kPa) (2.64 psia) oxygen or at least one oxygen enrichment alarm that
cannot be adjusted above 25 percent (25.3 kPa) (3.67 psia) oxygen.

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

1.7 This Standard does not apply to oxygen-monitoring instruments of the laboratory or scientific type,
which are used for analysis or measurement in process control and process-monitoring applications or
instruments with full-scale oxygen concentrations less than 15 percent (15.2 kPa) (2.20 psia) or greater
than 30 percent (30.4 kPa) (4.41 psia) oxygen.

NOTE – The user 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 user. The effects are not intended to be evaluated by this performance Standard.

2 Purpose

2.1 This Standard provides minimum performance requirements of electrical instruments for the
determination of oxygen (O2) content in air in order to enhance the safety of personnel.

2.2 ISA-RP92.04.02, Part II, 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 alarm: An audible, visual, or physical presentation designed to alert the instrument user that a
specific level of oxygen has been detected.

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

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

3.5 calibration: The procedure to adjust the instrument for proper response (e.g., reference, normal
level, span, or alarm).

3.6 calibration gas: A gas mixture with a known oxygen content, used to set the instrument span or
alarm level(s), including, but not limited to, ambient air.

3.7 clean air: Air that is free of any substance that will adversely affect the operation or cause a
response of the instrument.

3.8 consumables: Those materials or components that are depleted or require periodic replacement
through normal use of the instrument.

3.9 control unit: That portion of a multi-part oxygen-monitoring instrument that is not directly responsive
to oxygen, but responds to the electrical signal obtained from one or more detector heads to produce an
indication, alarm, or other output function.

3.10 detector head: The oxygen-responsive portion of an oxygen-monitoring instrument located in the
area where sensing the presence of oxygen is desired. Its location may be integral to or remote from its
control unit.

NOTE – The detector head may incorporate the oxygen-sensing element and additional circuitry such as signal processing or
amplifying components or circuits.

3.11 diffusion: A process by which the atmosphere being monitored is transported by natural random
molecular movement to and from the oxygen-sensing element.

3.12 mobile instrument: A continuous-monitoring instrument mounted on a vehicle such as, but not
limited to, a mining machine or industrial truck.

3.13 nominal voltage: The voltage given by manufacturers as the recommended operating voltage of
their oxygen-monitoring instruments. If a range (versus a specific voltage) is given, the nominal voltage
shall be considered as the midpoint of the range, unless otherwise specified.

3.14 normal atmosphere: The pressure exerted by a vertical column of 76 cm of mercury of density
13.5951 g/cm3 at a place where the gravitational acceleration, g, is 980.665 cm/sec2.

1 Atmosphere = 1.01325 x 106 dyne/cm2 (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)
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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 "O2" 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 oxygen-monitoring instrument: An assembly of electrical, mechanical, and chemical components
that senses and reports the content of oxygen in air.

NOTE – For convenience, the term "instrument" is used as an abbreviation for "oxygen monitoring instrument" within this Standard.

3.19 oxygen-sensing element: The particular subassembly in the oxygen-monitoring instrument that, in
the presence of oxygen, produces a corresponding electrical, chemical, or physical characteristic(s).

3.20 portable instrument: An instrument that is self-contained, battery-operated, transportable, and can
be carried by an individual.

NOTE – This type of instrument is intended to operate continuously for 8 hours or more.

3.21 range: The percentage or pressure of oxygen over which accuracy is ensured by calibration.

3.22 sample draw: A method of gas sampling that causes deliberate flow of the atmosphere being
monitored to an oxygen-sensing element.

3.23 signal-processing detector head: An instrument intended to be incorporated with separate signal
processing, data acquisition, central monitoring, or other similar systems in which the instrument provides
a conditioned electronic signal or output indication to systems of the aforementioned type, which typically
process information from various locations and sources including, but not limited to, gas detection
instruments.

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

3.25 stationary instrument: An oxygen-monitoring instrument intended for permanent installation in a
fixed location.

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

4.1 Oxygen-monitoring instruments shall meet the applicable electrical and electronic measuring
instrument safety requirement of ANSI/ISA-61010-1 (82.02.01). (See Annex A.)

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 9
20

40
1 2

02
2

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


18
ANSI/ISA-92.04.01, Part 1-2007 (R2022) ♦ ANSI/UL

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 Construction

5.1 General

5.1.1 Oxygen-monitoring instruments, their components, and remote detector heads specifically
intended for use in the presence of corrosive vapors or gases shall be constructed of materials resistant
to, or protected against, corrosion.

5.1.2 Instruments of the sample-draw type shall include the sample-pumping mechanism.

5.2 Meters, indicators, and outputs

5.2.1 Instruments 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 referenced herein.

5.2.2 Nonlinear scales or indicators are permissible when prominently and clearly noted in the instruction
manual.

5.2.3 Instruments that employ digital displays shall provide a means to indicate to the user that an
oxygen percentage or pressure outside the range of the instrument has been detected.

5.2.4 When auxiliary outputs (e.g., 4-20 mA) from the gas detection instrument are provided, their
malfunction shall not adversely affect instrument alarm functions.

5.2.5 Devices (such as 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 returned to
the operating (normal) mode.

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 the lower of the two enrichment alarms may be nonlatching.

5.3.3 The latching requirement may be omitted, or a defeating option permitted, if a clear and prominent
statement in the instruction manual recommends that the instrument be connected to an auxiliary system
that accomplishes the same purpose as latching.

EXCEPTION: The latching requirement may be omitted on personal gas detection instruments designed
to be carried at all times when in use.

5.3.4 All instruments monitoring between 16 and 25 percent oxygen shall have at least one alarm
function. If the instrument has alarm functions for oxygen-enriched atmospheres, at least one of these
alarm functions shall be fixed or adjustable to a nominal setting of 25 percent oxygen or less. If the
instrument has alarm functions for oxygen-deficient atmospheres, at least one of these alarm functions
shall be fixed or adjustable to a nominal setting of 18 percent oxygen or more.

5.3.5 All portable oxygen-monitoring instruments shall be provided with a distinguishable alarm
indicating low-battery condition. This alarm shall operate for a minimum of 5 minutes, during which time no
erratic readings or false alarms are permitted.

5.4 Trouble signals

5.4.1 Where applicable, oxygen-monitoring instruments shall provide for a signal transfer or contact
transfer to produce a trouble signal in the event of

a) power failure to the instrument;

b) opening of a circuit protection device;

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

d) such signal or contact transfer 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 All instruments shall be provided with means for facilitating calibration checks and adjustments, as
required.
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5.5.2 Calibration, zero, and alarm(s) setting shall be designed to minimize the possibility of unauthorized
or accidental 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 without replacement or replenishment of such consumables.

6 Instrument markings and instruction manuals

6.1 Markings on instrument

6.1.1 The markings required in this Clause are in addition to the marking requirements contained in 4.2.

6.1.2 The markings required by this Standard shall appear in a clearly legible, visible, and permanent
manner on each instrument in the following manner, as applicable:

a) For portable instruments, the markings shall appear both on the outside surface of the
instrument and on any removable carrying case, if the case obscures the markings required.

b) For stationary instruments, the markings required shall appear in a location where they will be
visible after installation and in direct sight during the routine periodic recalibration and adjustment
of alarm setpoint(s).

6.1.3 Instruments shall be marked “CAUTION – READ AND UNDERSTAND INSTRUCTION MANUAL
BEFORE OPERATING OR SERVICING.” The word "CAUTION" of the foregoing shall be in capital letters
at least 3 mm (0.12 in.) high. The balance of the wording is to be in capital letters at least 2.5 mm (0.10 in.)
high.

NOTES

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

2. For modular control units comprising one or more control modules in a common enclosure or mounting assembly, the
marking need not be repeated on each module, but may appear as a single marking on the common portion of the
assembly.

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 15 to 25 percent oxygen at one normal atmosphere.

6.2 Instruction manual

6.2.1 Each instrument shall be provided with an instruction manual, furnished by the manufacturer, which
shall contain the following information:

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
effects of oxygen-enriched or oxygen-deficient atmospheres must be included.

NOTE – Recognizing that it is difficult to compile a complete list of all possible desensitizing or contaminating gases, vapors,
or other substances, it is recommended that the manual also include either the generic description of the sensing element or
a description of its properties, so that the user can evaluate the probable effect of contaminants that are not included in the
list.

b) The effect of barometric pressure changes, due to either weather or altitude, in affecting
readings relative to one normal atmosphere, and the precautions to be taken.

c) The effects of temperature changes.

d) The effect of water vapor (humidity) in displacing oxygen, and thereby reducing readings relative
to one dry, normal atmosphere.

e) Instructions and recommended frequencies for checking and calibrating (1) on a routine basis,
(2) following exposure to desensitizing or contaminating substances, and (3) following exposure to
concentrations causing operation of any alarm.

f) Complete installation and initial start-up instructions.

g) A list of operating adjustments and instructions for setting adjustments (e.g., alarm setpoint,
zero, and span adjustments).

h) Details of instrument operational limitations (e.g., ambient temperature limits for all parts of the
instrument, minimum warm-up time, humidity range, voltage range, maximum loop resistance, and
minimum wire size for wiring between the control unit and remote detector head[s], need for
shielding of wiring, grounding requirements, battery life, accuracy, response times, maximum and
minimum storage temperatures, pressure effects and limits, sample-draw lag times, and air velocity
limits).

i) For multi-gas detection instruments, a list of gases for which the instrument has been
performance tested.

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.

l) 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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o) 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.

q) 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 interference (EMI) on
instrument 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) A recommendation for external alarm latching when non-latching alarms are provided.

6.2.2 For signal-processing detector heads, the manufacturer shall supply with the instrument a
specification that describes the relationship that the gas concentration detected by the instrument has with
the corresponding output signal or indication. Such specification shall be detailed to the extent that the
accuracy of the output or signal indications can be verified. As a minimum, the manufacturer shall provide
data showing the relationship between the output signal or indication of the instrument and gas
concentrations corresponding to 20 to 30 percent, 40 to 60 percent, and 70 to 90 percent of each
calibration range.

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

7 Performance tests

7.1 General

7.1.1 The tests described in 7.5 through 7.20 are in addition to the requirements specified in Clause 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 Unwarranted (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 sequence 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 laboratory).

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

7.4 Conditions for test and test area

7.4.1 Except as otherwise indicated herein, all tests shall be performed at the nominal system voltage
and frequency marked on the equipment (or specified in the instruction manual), or with fresh or fully
charged batteries, as applicable.

7.4.2 Except as otherwise indicated herein, tests may be performed at any temperature in the range of
18° to 30°C (64° to 86°F) and at one normal atmosph ere. Corrections for changes in ambient pressure
during the test shall be made.

7.4.3 Except as otherwise indicated herein, tests may be performed in ambient air having a relative
humidity in the range of 30 to 70 percent. Corrections shall be made for water vapor displacing oxygen.

7.4.4 Except as otherwise indicated herein, tests are to be performed in relatively still air {velocity not
more than 1 meter per second (m/s) (3.3 feet per second [f/s])} other than those currents that may be
induced by convection due to the natural heating of the equipment under test or caused by air-moving
devices that are part of the equipment under test.

7.4.5 For purposes of the tests in 7.7 through 7.20, where reference is made to exposing the detector
head to specified gas mixtures or to other specified conditions, normally attached diffusion devices or
protective mechanical parts shall remain attached.

7.4.6 For instruments intended to be used with more than one remote detector head, only one detector
head shall be exposed when tests call for the exposure of the remote detector head to a specified 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.

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 9
20

40
1 2

02
2

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


24
ANSI/ISA-92.04.01, Part 1-2007 (R2022) ♦ ANSI/UL

920401 MARCH 15, 2022

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 evaluate instruments for typical transportation environmental ranges, all parts of the instrument
shall be exposed sequentially to the following conditions:

a) Temperature 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) Temperature of 55°C (131°F) and one normal atmosphere for at least 24 hours.

d) Ambient temperature and humidity for at least 24 hours.

e) Change pressure from 1 normal atmosphere (101.3 kPa) (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 temperature.
Change pressure back to 1 normal atmosphere in at least 5 minutes.

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

7.6 Drop test

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 otherwise specified
by the manufacturer) shall be released from a height of 1 m (3.3 ft.) above a concrete surface and allowed
to free-fall.

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

7.6.4 The instrument 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 – Failures resulting from this test may not become apparent until future tests are conducted.

7.8 Initial calibration and set-up

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

7.8.2 The instrument shall be calibrated for testing in accordance with this Standard by using the
manufacturer’s recommended calibration equipment and specified calibration procedures.

7.8.3 The manufacturer’s recommended calibration equipment shall be capable of matching the results
of the intended method of monitoring within 0.5 percent oxygen.

7.9 Accuracy

7.9.1 Detector head(s) shall be exposed to known volumetric mixtures of test gas(es) using the intended
method of gas monitoring or alternate gas presentation method, as verified by the testing laboratory. An
instrument shall be considered to have failed this test if its indication is not within 0.5 percent oxygen
content of the test gas.

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:

0 – 5 percent of range

20 – 30 percent of range

40 – 60 percent of range

70 – 90 percent 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 Repeatability

7.10.1 For instruments having meters or output signals, a test gas in the 70 to 90 percent calibration
range shall be applied three times to the detector head, allowing for a maximum of 180 seconds between
exposures. An instrument shall be considered to have failed this test if any indications are not within 0.5
percent oxygen of the average indication. For instruments having selectable ranges, the instrument shall
be tested on all ranges.

7.10.2 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 applied three
times to the detector head, allowing for a maximum of 180 seconds between exposures.

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 when applied, but shall not be activated by test gas with
a higher oxygen content when applied.

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 when applied, but shall not be activated by test gas
with a lower oxygen content when applied.

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

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

7.11 Step-change response and recovery

NOTE – For instruments having multiplexed or scanned channels, the step-change response and recovery test must be conducted
while scanning all channels.

7.11.1 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 clean air. All alarms shall clear or be resettable within 30 seconds.

7.12 Supply voltage variation

7.12.1 For instruments intended for operation on ac power supply systems, with the detector head
exposed to either clean air or test gas as noted, the supply voltage shall first be decreased to 85 percent of
nominal voltage and then increased to 110 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
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.

7.12.1.1 For instruments 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.

7.12.1.2 For alarm-only instruments, at least one alarm setpoint for each alarm shall be tested at the
extreme ac 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.

7.12.2 For instruments intended for operation on dc power supply systems, with the detector head
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.

7.12.2.1 For instruments 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.

7.12.3 For instruments containing integral batteries, the voltage variation shall correspond to the
maximum terminal voltage of a fresh or fully charged batteries and the voltage at which the low-battery
voltage alarm activates. The voltage must be within 5 percent of the minimum operating voltage given by
the manufacturer. Instruments having provisions for adjustment to compensate for battery voltage decline
may be so adjusted. During this test, the detector head shall be exposed to clean air or test gas as noted.
All adjustable oxygen deficiency alarms shall be set to operate at 20 percent oxygen or the highest
available level below 20 percent 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).

7.12.3.1 For instruments 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.

7.12.3.2 For alarm-only instruments, at least one alarm setpoint for each alarm shall be tested at the
minimum operating voltage given by the manufacturer. 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.

7.12.4 Instruments intended for operation from an external power source shall be subjected to five
momentary power interruptions, ranging from approximately 0.1 second to 5 seconds, with the detector
head 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 primary power is interrupted (applied or removed), with the detector head 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.

7.12.5 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
temperature reading by more than 1 percent oxygen and the alarms shall activate when subjected to a test
gas at 1 percent oxygen, less or greater than the alarm setpoints for oxygen-deficient or oxygen-
enrichment instruments, respectively.

7.13.3 For instruments with meters or other output signals and a separate (non-integral) detector head,
the control unit shall be placed in the test chamber at both temperature extremes while the detector head
remains at ambient temperature. The detector head shall be placed in a test chamber at both temperature
extremes while the control unit remains at ambient temperature.

7.13.4 For alarm-only instruments, at least one alarm setpoint for each alarm shall be tested at the two
temperature extremes. 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.

7.14 Humidity variation

a) The detector head shall be exposed to 15 percent or less relative humidity (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 a relative humidity of 15 percent or less.

b) The detector head shall then be exposed to 50 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 50 percent RH.

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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