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This edition of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus
for Fire Fighters, was prepared by the Technical Committee on Fire Service Protective
Clothing and Equipment and acted on by the National Fire Protection Association, Inc.
at its Annual Meeting held May 18-21, 1992 in New Orleans, LA. It was issued by the
Standards Council on July 17, 1992, with an effective date of August 14, 1992, and
supersedes all previous editions.

The 1992 edition of this document has been approved by the American National
Standards Institute.

Origin and Development of NFPA 1981

The first NFPA document to address fire fighter respiratory protection was NFPA
19B, Standard on Respiratory Protective Equipment for Fire Fighters. NFPA 19B was adopted
on May 17, 1971 at the Association’s Annual Meeting in San Francisco, California. It was
developed by the Sectional Committee on Protective Equipment for Fire Fighters of the
Technical Committee on Fire Department Equipment. After 1975, the Sectional Com-
mittee was removed from the Technical Committee on Fire Department Equipment and
made its own technical committee. The main thrust of NFPA 19B was to prohibit filter-
type canister masks for fire fighters and permit only self-contained breathing apparatus.
NFPA 19B was officially withdrawn by the Association on May 19, 1981 at the Annual
Meeting in Dallas, Texas.

NFPA 1981, Standard on Self-Contained Breathing Apparatus for Fire Fighters, was adopted
at the same meeting to replace NFPA 19B. That first edition of NFPA 1981 essentially
specified NIOSH/MSHA approved SCBA with a minimum rated service life of 30 min-
utes. Open-circuit SCBA was required to be positive pressure.

The Technical Committee on Protective Equipment for Fire Fighters undertook a com-
plete revision of NFPA 1981 to state performance requirements and appropriate testing
procedures designed to simulate various environmental conditions that fire fighters’ SCBA
can be exposed to during use and storage. These requirements are in addition to the basic
NIOSH/MSHA certification requirements and now NFPA 1981 only applies to open-circuit
SCBA. A similar document will be developed for closed-circuit SCBA.

The second edition of NFPA 1981 was completed in March, 1986 and adopted by the
Association at the 1987 Annual Meeting in Cincinnati, Ohio.

Since the second edition, the name of the Technical Committee has changed to Fire
Service Protective Clothing and Equipment and there is a standing Subcommittee on
Self-Contained Breathing Apparatus.
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OVEN-CIRCUI'T SELF-CONTAINED BREATHING APPARATUS FOR FIRE FIGHTERS

1992 Edition

This third edition, 1992, incorporates new requirements for third party certification
and quality control, as well as a new total heat and flame test for the entire apparatus.
Other test methods covering facepiece lens abrasion and communications have been
revised.

This third edition was completed in December, 1991 and presented to the Association
at the 1992 Annual Meeting in New Orleans, Louisiana.
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Open-Circuit Self-Contained Breathing
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NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates explanatory material on
that paragraph in Appendix A.

Information on referenced publications can be found in
Chapter 5 and Appendix B.

Chapter 1 Administration

1-1 Scope.

1-1.1* This standard specifies minimum requirements for
the design, performance, testing, and certification of open-
circuit self-contained breathing apparatus (SCBA) used in
fire fighting, rescue, and other hazardous duties.

1-1.2 This standard does not apply to closed-circuit self-
contained breathing apparatus.

1-1.3 This standard is not intended to serve as a detailed
manufacturing or purchase specification, but can be refer-
enced in purchase specifications as minimum acceptable
requirements.

1-2 Purpose.

1-2.1* The purpose of this standard is to provide mini-
mum performance requirements for open-circuit SCBA
utilized by fire fighters.

1-2.2* Controlled laboratory environmental and physical
tests are used to determine compliance with the perfor-
mance requirements of this standard. These tests shall not
be deemed as establishing SCBA performance levels for all
situations to which fire fighting personnel may be exposed.

1-2.3 Nothing herein is intended to restrict any jurisdiction
from specifying or manufacturer from producing open-
circuit SCBA that exceed these minimum requirements.

1-3 Definitions.
Approved.* Acceptable to the “authority having jurisdiction.”

Authority Having Jurisdiction.* The “authority hav-
ing jurisdiction” is the organization, office or individual
responsible for “approving” equipment, an installation or a
procedure.

Breathing Air. See Compressed Breathing Gas.

Certification/Certified. A system whereby a certifica-
tion organization determines that a manufacturer has dem-
onstrated the ability to produce a product that complies
with the requirements of this standard, authorizes the
manufacturer to use a label on listed products that comply
with the requirements of this standard, and establishes a
follow-up program conducted by the certification organiza-
tion as a check on the methods the manufacturer uses to
determine continued compliance of labeled and listed
products with the requirements of this standard.

Certification Organization. An independent third
party organization that determines product compliance
with the requirements of this standard with a labeling/
listing/follow-up program.

Char. The formation of a brittle residue when material
is exposed to thermal energy.

Closed-Circuit SCBA. A recirculation-type SCBA in
which the exhaled gas is rebreathed by the wearer after the
carbon dioxide has been removed from the exhalation gas
and the oxygen content within the system has been
restored from sources such as compressed breathing gas,
chemical oxygen, and liquid oxygen, or compressed gas-
eous oxygen.

Compliance/Compliant. Meeting or exceeding all
applicable requirements of this standard.

Compressed Breathing Gas.* Oxygen or a respirable
gas mixture stored in a compressed state and supplied to
the user in gaseous form.

Demand SCBA. See Negative Pressure SCBA.
Drip. To run or fall in drops or blobs.

End-of-Service-Time Indicator. A warning device on
an SCBA that warns the user that the end of the service
time of the SCBA is approaching.

Fabric Component. Any single or combination of pli-
able, natural, or synthetic material(s) made by weaving,
felting, forming, or knitting that is used to secure the back-
plate assembly to the SCBA wearer, including but not lim-
ited to shoulder, waist, and chest straps.

Facepiece. The component of an SCBA that covers as
a minimum the wearer’s nose, mouth, and eyes.

Follow-Up Program. The sampling, inspections, tests,
or other measures conducted by the certification organiza-
tion on a periodic basis to determine the continued compli-
ance of listed products that are being produced by the
manufacturer to the requirements of this standard.

Gas. An aeriform fluid that is in a gaseous state at stan-
dard temperature and pressure.

Haze. Light that is scattered as a result of passing
through a transparent object.
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Identical SCBA. SCBA that are produced to the same
engineering and manufacturing specifications.

Labeled. Equipment or materials to which has been
attached a label, symbol or other identifying mark of an
organization acceptable to the “authority having jurisdic-
tion” and concerned with product evaluation, that main-
tains periodic inspection of production of labeled equip-
ment or materials and by whose labeling the manufacturer
indicates compliance with appropriate standards or perfor-
mance in a specified manner.

Listed.* Equipment or materials included in a list pub-
lished by an organization acceptable to the “authority hav-
ing jurisdiction” and concerned with product evaluation,
that maintains periodic inspection of production of listed
equipment or materials and whose listing states either that
the equipment or material meets appropriate standards or
has been tested and found suitable for use in a specified
manner.

Melt. To change from solid to liquid, or become con-
sumed, by action of heat.

Negative Pressure SCBA. An SCBA in which the pres-
sure inside the facepiece, in relation to the pressure sur-
rounding the outside of the facepiece, is negative during
any part of the inhalation or exhalation cycle when tested
by NIOSH in accordance with 30 CFR 11, Subpart H.

NIOSH/MSHA Certified. Tested and certified jointly
by the National Institute for Occupational Safety and
Health (NIOSH) of the U.S. Department of Health and
Human Services and the Mine Safety and Health Adminis-
tration (MSHA) of the U.S. Department of Labor in accor-
dance with the requirements of Title 30, Code of Federal
Regulations, Part 11, Subpart H (30 CFR 11). For
the NIOSH/MSHA certification to remain in effect, the
SCBA must be used and maintained in the approved
condition.

Open-Circuit SCBA. An SCBA in which exhalation is
vented to the atmosphere and not rebreathed. There are two
types of open-circuit SCBA: negative pressure or demand
type and positive pressure or pressure demand type.

Pink Noise. Noise that contains constant energy per
octave band.

Positive Pressure SCBA. An SCBA in which the pres-
sure inside the facepiece, in relation to the pressure sur-
rounding the outside of the facepiece, is positive during
both inhalation and exhalation when tested by NIOSH in
accordance with 30 CFR 11, Subpart H.

Pressure Demand SCBA. Sce Positive Pressure SCBA.

Product Label. A label or marking affixed to the SCBA
by the manufacturer containing general information,
warnings, care, maintenance, or similar data. This product
label is not the certification organization’s label, symbol, or
identifying mark; however, the certification organization’s
label, symbol, or identifying mark may be attached to it or
be part of it. (See also Labeled.)

1992 Edition

Rated Service Time. The period of time, stated on the
SCBA’s NIOSH/MSHA certification label, that the SCBA sup-
plied air to the breathing machine when tested to 30 CFR 11.

SCBA. See Self-Contained Breathing Apparatus.

Self-Contained Breathing Apparatus (SCBA). A respi-
rator worn by the user that supplies a respirable atmo-
sphere that is either carried in or generated by the appa-
ratus and is independent of the ambient environment.

Service Time. Sec Rated Service Time.
Shall. Indicates a mandatory requirement.

Should. This term, as used in the Appendix, indicates
a recommendation or that which is advised but not
required.

1-4 Units.

1-4.1 In this standard, values for measurement are fol-
lowed by an equivalent in parentheses, but only the first
stated value shall be regarded as the requirement. Equiva-
lent values in parentheses shall not be considered as the
requirement as these values might be approximate.

Chapter 2 Certification

2-1 General.

2-1.1 Prior to certification of SCBA to the requirements
of this standard, SCBA shall be NIOSH/MSHA certified.

2-1.1.1 SCBA shall have NIOSH/MSHA certification as
positive pressure.

2-1.1.2* SCBA shall have a NIOSH/MSHA certified
weight not exceeding 35 Ib.

2-1.1.3* SCBA shall have a NIOSH/MSHA certified rated
service time of at least 30 minutes.

2-1.1.4 SCBA that is NIOSH/MSHA certified as positive
pressure but capable of supplying air to the user in a neg-
ative pressure, demand-type mode shall NOT be certified
to this standard.

2-1.2 SCBA that are labeled as being compliant with this
standard shall meet or exceed all applicable requirements
specified in this standard and shall be certified. This certi-
fication shall be to the program specified in Section 2-2 of
this chapter and shall be in addition to, and shall not be
construed to be the same as, NIOSH/MSHA certification as
specifically defined in Section 1-3 of this standard.

2-1.3  All certification shall be performed by an approved
certification organization.
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2-1.4 Compliant SCBA shall be labeled and listed. Such
SCBA shall also have a product label that meets the
requirements specified in Section 2-5 of this chapter.

2-1.5 Any accessory that is to be attached to or integrated
with the SCBA shall be tested with and certified as part of
the SCBA under this standard.

2-1.6 The SCBA shall meet all of the performance
requirements of the standard with the accessory installed.
The accessory itself shall not be required to meet any of the
performance requirements of this standard.

2-2 Certification Program.

2-2.1* The certification organization shall not be owned
or controlled by manufacturers or vendors of the product
being certified. The certification organization shall be pri-
marily engaged in certification work and shall not have a
monetary interest in the product’s ultimate profitability.

2-2.2 The certification organization shall refuse to certify
products to this standard that do not comply with all
requirements of this standard.

2-2.3* The contractual provistons between the certifica-
tion organization and the manufacturer shall specify that
certification is contingent upon compliance with all appli-
cable requirements of this standard. There shall be no con-
ditional, temporary, or partial certifications. Manufacturers
shall not be authorized to use any label or reference to the
certification organization on products that are not manu-
factured in compliance with all applicable requirements of
this standard.

2-2.4* For certification, laboratory facilities and equip-
ment for conducting proper tests shall be available, a pro-
gram for calibration of all instruments shall be in place and
operating, and procedures shall be in use to ensure proper
control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets,
documented calibration and calibration routines, perfor-
mance verification, proficiency testing, and staff qualifica-
tion and training programs.

2-2.5 Manufacturers shall be required to establish and
maintain a program of production inspection and testing.

2-2.6 The manufacturers and the certification organiza-
tion shall evaluate any changes affecting the form, fit, or
function of the certified product to determine its continued
certification to this standard.

2-2.7* Product certifications shall include a follow-up
inspection program, with at least 2 random and unan-
nounced visits per 12-month period.

2-2.8 The certification organization shall have a program
for investigating field reports alleging malperformance or
faiture of listed products.

2-2.9 The operating procedures of the certification orga-
nization shall provide a mechanism for the manufacturer
to appeal decisions. The procedures shall include the pre-
sentation of information from both sides of a controversy
to a designated appeals panel.

2-2.10 The certification organization shall be in a position
to use legal means to protect the integrity of its name and
label. The name and label shall be registered and legally
defended.

2-3 Inspection and Testing.

2-3.1 Four identical SCBA selected from the manufactur-
er’s production SCBA and that are to be certified to this
standard shall be subjected to the tests specified in Catego-
ries A, B, C, and D of Table 2-3.1, for each test series. The
first SCBA shall be subjected to the tests listed in Category
A, the second SCBA shall be subjected to the tests listed in
Category B, the third SCBA shall be subjected to the tests
listed in Category C, and the fourth SCBA shall be sub-
jected to the tests listed in Category D as shown in Table
2-3.1. SCBA components shall be subjected to the tests
specified in Category E of Table 2-3.1.

2-3.2 SCBA shall be iniually tested and shall meet the
performance requirements of three separate test series of
Categories A, B, C, and D as specified in Table 2-3.1. All
tests within Categories A, B, C, and D shall be conducted
in the order specified and are designed as cumulative dam-
age tests.

SCBA components shall be initially tested and shall meet
the performance requirements of one test series of Cate-
gory E as specified in Table 2-3.1. SCBA component test-
ing in Category E shall be conducted on test specimens as
specified in each respective test method.

2-3.3 After certification, compliant SCBA shall be tested
annually within twelve months from previous tests and
shall meet the performance requirements of one test series
of Categories A, B, C, D, and E as specified in Table 2-3.1.
This requirement shall be waived every fifth year when the
testing required by 2-3.3.1 of this section is conducted.

2-3.3.1 Compliant SCBA shall be tested and shall meet
the performance requirements of three separate test series
of Categories A, B, C, and D as specified in Table 2-3.1
every fifth year from the date of the initial certification
testing specified in 2-3.2 of this section.

SCBA components shall be tested and shall meet the
performance requirements of one test series of Category E
as specified in Table 2-3.1 every fifth year from the date
of imitial certification testing specified in 2-3.2 of this
section.

2-3.4 No adjustment, repair, or replacement of parts is
permitted to any SCBA being tested in accordance with
this standard. Breathing-gas containers shall be permitted
to be filled as required.

1992 Edition



1981-10

OPEN-CIRCUIT SELF-CONTAINED BREATHING APPARATUS FOR FIRE FIGHTERS

Table 2-3.1 Test Series
Category E
Test Category A Category B Category C Category D (Component
Order (SCBA #1) (SCBA #2) (SCBA #3) (SCBA #4) Tests)
Air Flow Air Flow Air Flow Air Flow Fabric Flame
1. Section 3-1 Section 3-1 Section 3-1 Secuon 3-1 Section 3-4
Accelerated
Communication Corrosion Vibration Heat and Flame Fabric Heat
2. Section 3-10 Section 3-7 Section 3-3 Section 3-11 Section 3-5
Environmental
Temperature Thread Heat
3. Section 3-2 Section 3-6
Particulate Lens Abrasion
4. Section 3-8 Section 3-9

2-3.5 Inspection and testing for determining compliance
with the requirements of this standard shall be performed
on a complete SCBA unless otherwise specified within this
standard.

2-3.6 After completion of these tests for a specific model
SCBA or its variant, only those tests on other similar SCBA
models or variants shall be required where, in the determi-
nation of the certification organization, the SCBA's test
results can be affected by any components that are differ-
ent from those on the original SCBA tested.

2-3.7 Any modifications made by the manufacturer to an
SCBA after certification shall require the retesting and
meeting of the performance requirements of all those indi-
vidual tests that the certification organization determines
may be affected by such changes. This retesting shall be
conducted before certifying the modified SCBA as being
compliant with this standard.

2-4 Manufacturer’s Quality Assurance Program.

2-4.1 The manufacturer shall provide and maintain a
quality assurance program that includes a documented
inspection and product recall system. The manufacturer
shall have an inspection system to substantiate conform-
ance to this standard.

2-4.2 The manufacturer shall maintain written inspection
and testing instructions. The instructions shall prescribe
inspection and test of materials, work in process, and com-

pleted articles. Criteria for acceptance and rejection of

materials, processes, and final product shall be part of the
instructions.

2-4.3 The manufacturer shall maintain records of all
pass/fail tests. Pass/fail records shall indicate the disposition
of the failed material or product.

2-4.4 The manufacturer’s inspection system shall provide
for procedures that assure the latest applicable drawings,

1992 Edition

spectfications, and instructions are used for fabrication,
inspection, and testing.

2-4.5 The manufacturer shall, as part of the quality assur-
ance program, maintain a calibration program of all instru-
ments used to ensure proper control of testing. The cali-
bration program shall be documented as to the date of
calibration and performance verification.

2-4.6 The manufacturer shall maintain a system for iden-
tifying the appropriate inspection status of component
materials, work in process, and finished goods.

2-4.7 The manufacturer shall establish and maintain a
system for controlling nonconforming material, including
procedures for the identification, segregation, and disposi-
tion of rejected material. All nonconforming materials or
products shall be identified to prevent use, shipment, and
intermingling with conforming materials or products.

2-4.8 The manufacturer’s quality assurance program
shall be audited by the third party certification agency to
determine that the system is sufficient to ensure continued
product compliance with this standard.

2-5 Product Labeling.

2-5.1 In addition to the NIOSH/MSHA certification label
and the certification organization’s label. each SCBA shall
have a product label permanently and conspicuously
attached upon which at least the following information and
warning are printed in at least Y5 in. (1.5 mm) high
letters.

(a) The following statement:

“THIS SCBA MEETS THE REQUIREMENTS OF
NFPA 1981, STANDARD ON OPEN-CIRCUIT
SELF-CONTAINED BREATHING APPARATUS
FOR FIRE FIGHTERS, 1992 EDITION.”
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(b) The following warning:

“WARNING

FOR RESPIRATORY PROTECTION, SCBA MUST
BE WORN AND USED AS SPECIFIED IN MANU-
FACTURER’S INSTRUCTIONS. DO NOT USE
SCBA ALONE FOR ANY FIRE FIGHTING OR
HAZARDOUS MATERIALS OPERATIONS; ADDI-
TIONAL PROTECTIVE CLOTHING AND EQUIP-
MENT IS REQUIRED FOR PROTECTION. USERS
MUST CLEAN AND MAINTAIN THE SCBA ONLY
IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE EQUIPMENT
CAN PROVIDE COMPLETE PROTECTION FROM
ALL CONDITIONS—USE EXTREME CARE FOR
ALL EMERGENCY OPERATIONS. ACCESSORIES
NOT CERTIFIED FOR USE WITH THIS SCBA
MAY DEGRADE THE PERFORMANCE OF THIS
SCBA OR MAY VOID NIOSH/MSHA CERTIFICA-
TION. FAILURE TO COMPLY WITH THESE
WARNINGS MAY RESULT IN SERIOUS INJURY
OR DEATH.”

(c) The identification of the major components of the
SCBA that are required for certification to this standard.

(d) The following warning:
“DO NOT REMOVE THIS LABEL.”

2-5.2 The major components listed by the manufacturer in
2-5.1 of this section shall be identified with the lot number or
serial number or the year and the month of manufacture.

2-5.3 All portions of the required product labels shall be
printed at least in English.

2-6 User Information.

2-6.1 The SCBA manufacturer shall provide, with each
SCBA, instructions and information for maintenance,
cleaning, disinfecting, storage, and inspection.

2-6.2 The SCBA manufacturer shall provide, with each
SCBA, specific instructions and training materials regard-
ing the use, operation, safety considerations, and limita-
tions of the SCBA.

Chapter 3 Performance Requirements

3-1* Air Flow Performance.

3-1.1 When tested in accordance with the air flow perfor-
mance test specified in Section 4-1 of this standard, the
SCBA facepiece pressure shall not be less than 0.00 in.
(0.00 mm) water column nor greater than 3.50 in. (88.9
mm) water column above ambient pressure from the time
the test begins until the time the test is concluded.

3-2 Environmental Temperature Performance.
3-2.1 SCBA shall be tested in accordance with the envi-

ronmental temperature tests specified in Section 4-2 of this
standard.

3-2.1.1 When conditioned in accordance with the cold
environmental test specified in 4-2.4 of this standard, the
SCBA shall meet the performance requirements of Section
3-1 of this chapter.

3-2.1.2 When conditioned in accordance with the hot
environmental test specified in 4-2.5 of this standard, the
SCBA shall meet the performance requirements of Section
3-1 of this chapter.

3-2.1.3 When conditioned in accordance with the hot to
cold environmental test specified in 4-2.6 of this standard,
the SCBA shall meet the performance requirements of Sec-
tion 3-1 of this chapter.

3.2.1.4 When conditioned in accordance with the cold to
hot environmental test specified in 4-2.7 of this standard,
the SCBA shall meet the performance requirements of Sec-
tion 3-1 of this chapter.

3-3 Vibration Resistance Performance.

3-3.1 When conditioned in accordance with the vibration
tests specified in Section 4-3 of this standard, the SCBA
shall meet the performance requirements of Section 3-1 of
this chapter.

3-4 Fabric Flame Resistance Performance.

3-4.1 When tested to the fabric flame tests specified in Sec-
tion 4-4 of this standard, the test specimens shall have an
average char length of not more than 4.0 in. (101.6 mm),
shall have an average afterflame of not more than 2.0 sec-
onds, and shall not melt or drip.

3-5 Fabric Heat Resistance Performance.

3-5.1 When tested to the fabric heat tests specified in Sec-
tion 4-5 of this standard, the test specimens shall not melt,
separate, or ignite.

3-6 Thread Heat Resistance Performance.

3-6.1 When tested in accordance with the thread heat test
specified in Section 4-6 this standard, the thread shall not
melt or ignite.

3-7 Accelerated Corrosion Resistance Performance.

3-7.1 When conditioned in accordance with the acceler-
ated corrosion test specified in Section 4-7 of this standard,
corrosion shall not prohibit the proper use and function as
specified in the manufacturer’s instructions of any control
or operating feature of the SCBA. In addition, the SCBA
shall meet the performance requirements of Section 3-1 of
this chapter.

3-8 Particulate Resistance Performance.

3-8.1 When conditioned in accordance with the particu-
late resistance test specified in Section 4-8 of this standard,
the SCBA shall meet the performance requirements of Sec-
tion 3-1 of this chapter.

1992 Edition
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3-9* Facepiece Lens Abrasion Resistance Performance.

3-9.1 When tested in accordance with the facepiece lens
abrasion test specified in Section 4-9 of this standard, the
average value of the tested samples shall not exhibit a delta
haze greater than 14.0 percent.

3-10* Communications Performance.

3-10.1 When tested in accordance with the communica-
tion test specified in Section 4-10 of this standard, the pri-
mary communication means as identified by the manufac-
turer shall have an average calculated value of not less than
72 percent.

3-11 Heat and Flame Resistance Performance.

3-11.1 When tested in accordance with the heat and flame
test specified in Section 4-11 of this standard, the SCBA face-
piece pressure shall not be less than 0.00 in. (0.00 mm) water
column nor greater than 3.50 in. (88.9 mm) water column
above ambient pressure from the time the test begins until
the time the test is concluded.

3-11.2 When tested as specified in 4-11.17 of this stan-
dard, no components of the SCBA shall have an afterflame
of more than 2.2 seconds.

3-11.3 When tested as specified in 4-11.17 and 4-11.19 of
this standard, no component that secures the SCBA to the
user’s body or that secures the cylinder to the SCBA, such
as chest, pull, facepiece, waist, cylinder, and shoulder
straps, shall separate or fail in such a manner that would
cause the SCBA to be worn and used in a position not
specified by the manufacturer’s instructions.

3-11.4 When tested as specified in 4-11.20 of this stan-
dard, the facepiece lens shall not obscure vision below the
20/100 vision criterion.

Chapter 4 Test Methods

4.1 Air Flow Performance Test.

4-1.1* The facepiece of the SCBA being tested shall be
secured to Scott Aviation Model No. 803608-01 or
803608-02 test headform or equivalent. The facepiece shall
be secured to the headform to assure that an initial pres-
sure of 1.0 in. =0.1 in. (25.4 mm = 2.5 mm) water column
below ambient shall not decay by more than 0.2 in.
(5.1 mm) water column in 5 seconds.

4-1.2 The remaining components of the SCBA shall be
mounted in accordance with Figure 4-1.2 to simulate its
typical wearing position, as specified by the manufacturer,
on a fire fighter.

4-1.3 A pressure probe shall be attached to the test head-
form to monitor facepiece pressure. The pressure probe
shall be a 0.25 in. (6.4 mm) O.D. with 0.062 in. (1.6 mm)
wall thickness metal tube having one open end and one
closed end. The closed end shall have 4 equally spaced
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Figure 4-1.2 Typical apparatus configuration for air
flow performance test.

holes, each 0.062 in. =0.005 in. (1.6 mm *=0.1 mm), and
positioned 0.250 in. #0.02 in. (6.4 mm *0.5 mm) from
the end of the pressure probe.

4-1.4 The closed end of the pressure probe shall extend
through the test headform exiting out the center of the left
eyve. The pressure probe shall extend 0.50 in. +0.06/-0.0
in. (12,7 mm + 1.5/-0.0 mm) outward from the surface of
the center of the left eye.

4-15 The open end of the pressure probe shall extend a maxi-
mum of 18 in. (457 mm) and a minimum of 1.0 in. (25.4 mm)
outward from the back surface of the test headform.

4-1.6 A maximum of a 5 ft (1.5 m) length of nominal
0.188 in. (4.8 mm) 1.D. flexible smoothbore tubing with a
nominal 0.062 in. (1.6 mm) wall thickness shall be permit-
ted to be connected from the open end of the pressure
probe to the inlet of the pressure transducer.

4-1.7* A differential pressure transducer having the fol-
lowing characteristics shall be used:

Range: 8.9 in. (226 mm) of water differential

Linearity: *+0.5% Full Scale (FS) best straight line

Line Pressure Effect: Less than 1% FS zero shift/1000 psig

Output: =25 Vdc for =FS

Output Ripple: 10 mv peak to peak

Regulation: FS output shall not change more than +0.1
percent for input voltage change from 22 to 35 Vdc

Temperature, Operating:  -65°F to 250°F (-54°C to 121°C)

Temperature, Compensated:  0°F to 160°F (-18°C to 71°C)

Temperature Effects: Within 2 percent FS/100°F (55.6°C),
Error band
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4-1.8* The differential pressure transducer shall be
appropriately connected to a strip chart recorder having
the following characteristics:

(a) A chart width of 9.8 in. (250 mm)

(b) A pen speed of at least 29.5 in./sec (750 mm/sec)
(0.333 sec FS)

(c) An accuracy of +0.25 percent FS
(d) An input voltage range of 1 V FS

(e) A span set at 0.98 in. (25 mm) of chart per 1.0 in.
(25.4 mm) water column.

4-1.9 The test headform shall be equipped with a stain-
less steel breathing tube having an 0.90 in. (22.9 mm) [.D.
with 0.024 in. (0.6 mm) wall thickness. The metal breath-
ing tube shall be located on the centerline of the mouth
and shall be flush with the test headform.

4-1.10 The metal breathing tube shall extend outward from
either the back or the base surface of the test headform a min-
imum of 8 in. (203 mm) and a maximum of 18 in. (457 mm).

4-1.11 If flexible smoothbore tubing is used from the
metal breathing tube to the inlet connection of the breath-
ing machine, it shall have a maximum length of 4 ft (1.2 m)
and a 0.75 in. (19.0 mm) [.D. with nominal 0.125 in.
(3.2 mm) wall thickness.

4-1.12* A Model 327-6 Breathing Machine as shown in
Figures 4-1.12(a), (b), and (c) shall be used. The breathing
machine shall be set to the following characteristics:

Respiratory Tidal
Ventilation Rate Frequency Volume
(liters/min) (breaths/min) (liters)
103 +3 30 =1 3.4 Nominal

4-1.13 The test conditions shall be as follows:

Ambient temperature: 72°F +5°F (22°C =3°C)
Relative humidity: 50 percent + 25 percent
Barometric pressure: 725 mm Hg +50/-70 mm Hg.

The dew point of air charged into the SCBA breathing
gas containers shall not be higher than -65°F (-54°C) at
the outlet port of the charge line. The air shall meet or
exceed the requirements of the specification for Grade D
breathing air as specified in ANSI/CGA G-7.1, Commodity
Specification for Air.

4-1.14* The test set-up for conducting the air flow per-
formance test shall be calibrated at least once each day
before conducting tests and shall be verified at least once
each day after testing. The calibration procedure utilized
for the differential pressure transducer shall consist of con-
firming at least three different pressures between 0.0 in.
and 5.0 in. (0.0 mm and 127 mm) water column. The pres-
sure shall be measured using an incline manometer
or equivalent with a scale measuring in increments of
+0.02 in. (=0.5 mm) water column or less.

4-1.15 The SCBA being tested shall utilize a fully charged
breathing gas container. The air flow performance test shall
begin after five cycles of the breathing machine and continue
to operate through 30 cycles of the breathing machine after
actuation of the end-of-service-time indicator.

4-1.16 The facepiece pressure shall be read from the strip
chart recorder to determine pass/fail.

4-2 Environmental Temperature Tests.

4-2.1 The environmental temperature tests specified in
this section shall be permitted to be conducted in any
sequence. After performing each test, the SCBA shall
be placed in an ambient environment of 72°F =*5°F
(22°C %3°C) with a relative humidity of 50 percent =25
percent for a minimum 12-hour dwell period.

4-2.2 The SCBA shall be placed in an appropriate envi-
ronmental chamber and positioned to simulate the normal
wearing position of the SCBA on a fire fighter as specified
by the manufacturer. A test headform as specified in 4-1.1
of this chapter shall be equipped with a thermocouple or
other temperature-sensing element to monitor SCBA test
chamber temperature. The thermocouple or other
temperature-sensing element used shall be attached to the
test headform in a manner in which it will be directly
exposed to the chamber atmosphere. The test headform
shall be connected to the breathing machine in accordance
with Section 4-1 of this chapter. The breathing machine
shall be permitted to be located either inside or outside the
environmental chamber.

4-2.3 The dwell period between environmental tempera-
ture tests shall be used for refilling the breathing gas con-
tainer and visually inspecting the SCBA for any gross dam-
age that could cause unsafe test conditions.

4-2.4 The SCBA shall be cold soaked at -25°F +2°F
(-32°C =1°C) for a minimum of 12 hours. The SCBA shall
be tested in accordance with Section 3-1 of this standard at
an ambient temperature of -25°F = 10°F (-32°C *5°C).

4-2.5 The SCBA shall be hot soaked at 160°F =2°F
(71°C = 1°C) for a minimum of 12 hours. The SCBA shall
then be tested in accordance with Section 3-1 of this standard
at an ambient temperature of 160°F + 10°F (71°C =5°C).

4-2.6 The SCBA shall be hot soaked at 160°F =+2°F
(71°C = 1°C) for a minimum of 12 hours. The SCBA shall
then be transferred to a chamber with an air temperature
of -25°F +£2°F (-32°C =1°C). The SCBA shall then be
tested in accordance with Section 3-1 of this standard at a
chamber air temperature of -25°F = 10°F (-32°C =5°C).
The air flow performance test shall commence within 3
minutes after removal from hot soak.

4-2.7 The SCBA shall be cold soaked at -25°F = 2°F
(-32°C = 1°C) for a minimum of 12 hours. The SCBA shall
then be transferred to a chamber with an air temperature
of 160°F =2°F (71°C = 1°C). The SCBA shall then be tested
in accordance with Section 3-1 of this standard at a cham-
ber air temperature of 160°F £ 10°F (71°C +5°C). The air
flow performance test shall commence within 3 minutes
after removal from cold soak.
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Figure 4-1.12(a) Model 327-6 Breathing Machine.
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Figure 4-1.12(c) Model 327-6 Breathing Machine.

4-3 Vibration Tests.

4-3.1 The following test program shall be conducted
according to sections in Method 514.4, Vibration, of MIL-
STD-810E, Environmental Test Methods, specified herein.
After being subjected to the tests, the SCBA shall be tested
in accordance with Section 3-1 of this standard.

4-3.2 The complete SCBA, with full breathing gas con-
tainer, shall be securely mounted on the vibration fixture/
table using a suitable rigid mounting bracket designed to
maximize vibration transfer directly to and through the
breathing gas container. This restraining device shall be
acceptable to both the manufacturer and the certification
organization. The SCBA shall be vibrated as specified in
the following frequency curves of MIL-STD-810F, Enui-
ronmental Test Methods:

(a) Figure 514.1-1, vertical,
(b) Figure 514.4-2, transverse,
(c) Figure 514.4-3, longitudinal.

The SCBA shall be vibrated to simulate cargo tied or
blocked in all three axes with respect to the bed of the
transport vehicle.

The dehinitions of the SCBA axes shall be as shown in
Figure 4-3.2 of this standard. The total test duration shall
be nine hours, consisting of three 3-hr periods: one period
for each frequency curve.

4-3.3 Subsequently, the same complete SCBA shall be
tested on a typical package tester similar to that shown in
Figure 514.4-19 of MIL-STD-810E, Environmenial Test
Methods, within a plywood holding box(es) as specified in
4-3.4 of this section.

4-3.4 An SCBA holding box shall be constructed with nom-
inal ¥4 in. plywood to encase the complete SCBA. All SCBA
regulators and hoses shall remain attached to the complete
SCBA. The SCBA facepiece and those components, exclud-
ing regulators, that attach directly to the facepiece shall not
be included in the holding box. The travel distance between
the widest part of the SCBA and the sideboards of the hold-
ing box shall be a total of 1.0 in. + 0.2 in. or 0.5 in. = 0.1 in.
per side (2.5 cm = 0.5 cm or 1.3 cm = 0.3 cmy/side).
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Figure 4-3.2 Test specimen axes definitions.

The travel distance between the highest point of the
SCBA and the bottom of the box top shall be a total of
1.0in. = 0.2 in. (2.5 ¢cm = 0.5 cm).

4-3.4.1 A separate component holding box shall be con-
structed with nominal ¥4 in. plywood to encase the face-
piece and those components that attach directly to the face-
piece, excluding the regulator and associated hoses. The
total travel distance between the widest part of the SCBA
components and the sideboards of the holding box shall be
1.0in. £ 0.21n. or 0.5 in. = 0.1 in. per side (2.5 cm = 0.5 cm
or 1.3 cm = 0.3 cmy/side).

The total travel distance between the highest point of
the facepiece and the bottom of the box shall be 1.0 in. +
0.2 1in. (2.5 cm = 0.5 cm).

4-3.4.2 The total travel distances shall be measured with
all movable components configured to minimize the size of
the holding box. The SCBA shall be oriented with the back
plate resting on the box bottom as shown in Figure 4-3.4.2.
The SCBA facepiece shall be measured with the outer por-
tion of the lens facing the component holding box top.
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Figure 4-3.4.2 SCBA in holding box.
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4-3.5 The test items shall be placed unrestrained in the
holding box(es) described in 4-3.4 of this section and shall be
tested to the level as specified in 1-3.3.3.2 of Method 514.4,
Vibration, of MIL-STD-810E, Environmental Test Methods.

4-3.6 The test shall be conducted with the test specimen
situated in each of the two positions shown in Figure
4-3.6(a) and Figure 4-3.6(b). The total test duration shall
be three hours, consisting of two 90-minute periods, one
period for each position.

Top view

Figure 4-3.6(a) SCBA cylinder axis perpendicular to
direction of tester movement.

Top view

Tester
movement

Figure 4-3.6(b) SCBA cylinder axis parallel to
direction of tester movement.

4-3.7 For safety purposes, a restraining device or cover
shall be secured to the top of the vibration box throughout
testing. The restraining device shall be designed to contain
the SCBA within the holding box without disrupting the
normal motion of the SCBA in any manner during the test.

4-4 Fabric Flame Tests.

4-4.1 Five specimens of each different fabric component
of the SCBA shall be tested in accordance with Method
5903.1, Flame Resistance of Cloth; Vertical, of Federal Test
Method Standard 191A, Textile Test Methods.

4-4.2 T'est specimens shall be a minimum of 12 in.
{305 mm) long and shall be tested in the width specified by
the prescribed test method. Test specimens shall be cut
from a standard production run of the fabric components
used in the SCBA. If the fabric components are not avail-
able in the width specified in Method 5903.1, the width of
the test specimen shall be the widest width as used on the
SCBA, but shall be a minimum of 12 in. (305 mm) long.

4-4.3 The five test specimens shall first be conditioned by
five cycles of washing and drying in accordance with the
procedures specified in Machine Cycle 1, Wash Tempera-
ture V, Drying Procedure Ai, of AATCC 135, Dimensional
Changes in Automatic Home Laundering of Woven and Knit
Fabrics, prior to flame resistance testing.

4-4.4 The char lengths and afterflame shall be recorded,
and each shall be averaged to determine pass/fail. Melting
and dripping shall be observed and recorded to determine
pass/fail.

4-5 Fabric Heat Tests.

4-5.1 Five specimens of each different fabric component
of the SCBA shall be tested in a forced circulating air oven
capable of achieving and maintaining an air stream tem-
perature of 500°F +10°%-0°F (260°C +5°%/-0°C).

4-5.2 Test specimens shall be 15 X 15 in. #0.5 in.
(381 x 381 mm =13 mm) and shall be cut from a stan-
dard production run of the fabric components used in the
SCBA. If the fabric is not available in a 15-in. (381-mm)
width, the width of the test specimen shall be the widest
width as used on the SCBA, but shall be a minimum of
15 in. (381 mm) long.

4-5.3 The five test specimens shall first be conditioned by
five cycles of washing and drying in accordance with the
procedures specified in Machine Cycle 1, Wash Tempera-
ture V, Drying Procedure Ai, of AATCC 135, Dimensional
Changes in Automatic Home Laundering of Woven and Knit
Fabrics, prior to heat resistance testing.

4-5.4 The test specimen shall be suspended by a metal
hook(s) at the top and centered in the oven so that the
entire test specimen is not less than 2 in. (51 mm) from any
oven surface or another test specimen. Oven air flow shall
be parallel to the plane of the material.

4-5.5 Test specimens shall be exposed to the circulating
air flow for 5 minutes + 15/-0 seconds. Oven recovery time
after the door is closed shall not exceed one minute. Test
specimen exposure time shall begin when the oven has
recovered to an air temperature of 500°F +10°/-0°F
(260°C +5°%-0°C).

4-5.6 The fabric shall be observed for melting or ignition
to determine pass/fail.
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4-6 Thread Heat Test.

4-6.1 All thread utilized shall be tested in accordance with
Method 1534, Melting Point of Synthetic Fibers, of Federal
Test Method Standard 191A, Textile Test Methods, to a tem-
perature of 500°F +10°/-0°F (260°C + 5°/-0°C).

4-6.2 Thread shall be observed for melting or ignition to
determine pass/fail.

4-7 Accelerated Corrosion Test.

4-7.1 An SCBA with a fully charged cylinder, and having
the cylinder valve closed, shall be tested in accordance with
Method 509.3, Salt Fog, Section 1I, of MIL-STD-810E,
Environmental Test Methods.

4-7.2 The SCBA shall be attached to a mannequin to sim-
ulate its typical wearing position on a fire fighter as speci-
fied by the manufacturer. The mannequin shall then be
placed in a test chamber. The test chamber temperature
shall be adjusted to 95°F =3°F (35°C =2°C). The SCBA
shall be placed in the chamber for 2 hours prior to the
introduction of the salt solution.

4-7.3 The SCBA shall be exposed to a 5 percent +1 per-
cent salt fog for a period of 48 hours.

4-7.4 The SCBA shall then be stored in an environment
of 72°F £5°F (22°C =3°C) with 50 percent =5 percent
relative humidity for a minimum of 48 hours.

4-7.5 The SCBA shall then be tested in accordance with
Section 3-1 of this standard to determine pass/fail. All controls

or operating features of the SCBA shall operate per the
SCBA manufacturer’s instructions to determine pass/fail.

4-8 Particulate Test.

4-8.1 A fully charged SCBA shall be subjected to Method

510.3, Sand and Dust, Section [I-3, Procedure 1, of

MIL-STD-810E, Environmental Test Methods.

4-8.2 The facepiece of the SCBA being tested shall be
secured to a test headform as specified in 4-1.1 of this
chapter.

4-8.3 The test headform shall be joined to a mannequin
with the remaining components of the SCBA attached to
the mannequin to simulate its typical wearing position on a
fire fighter as specified by the manufacturer.

4-8.4 The test headform shall be connected as specified in
Section 3-1 of this standard to a Model 327-6 Breathing
Machine or other respiration simulator producing a
minute volume of 40 liters, =2 liters at ambient conditions
as specified in 4-1.13 of this chapter with a minimum tidal

volume of 1.6 liters per breath at a minimum respiration of

10 breaths per minute.

4-8.5 The mannequin, including the test headform, shall
be mounted upright and turned about its vertical axis 180
degrees midway through the test. The test duration shall
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be 1 hour, and the breathing machine shall be operating
throughout the entire test. The test shall be permitted to be
interrupted to change the SCBA breathing gas container.

4-8.6 The test conditions as outlined per Method 510.3,
Sand and Dust, of MIL-STD-810E, Enuvironmental Test
Methods, Section 1-3d, shall be:

(a) Air velocity: Refer to subparagraph I-3.2c (1).
(b) Temperature: 72°F +5°F (22°C % 3°C).

(c) Test item configuration and orientation: mannequin
upright and rotated 180 degrees midway through the test.

(d) Dust composition: Refer to Section 1-3.2d (1).
(e) Dust concentration: Refer to Section I-3.2e (1).

(f) Test duration: 1.0 hour.

4-8.7 After the completion of the above test, the SCBA
shall be removed from the test compartment; it shall be
lightly shaken or brushed free of dust and then shall be
tested in accordance with Section 3-1 of this standard to
determine pass/fail.

4-9 Facepiece Lens Abrasion Test.

4-9.1 The test apparatus shall be constructed in accor-
dance with Figure 4-9.1.

4-9.2 Seven samples shall be chosen from a minimum of
three facepiece lenses. Four samples shall be taken from
the left viewing area, and three samples shall be taken from
the right viewing area. One of the four samples taken from
the left viewing area shall be the set-up sample.

4-9.2.1 The left test samples shall include all of the follow-
ing criteria:

(a) The sample shall be a square measuring 2 X 2 in.
(51 x 51 mm).

(b) Two edges of the square section shall be parallel
within *2 degrees of the axis of the cylinder or cone in the
center of the sample.

(¢) Atleast 1Yo in. (38 mm) of the 2 x 2in. (51 X 51 mm)
square shall be taken from the left side of the center line of
the lens.

(d) The 2 x 2in. (51 X 51 mm) square shall be cut at
approximately eye level.

4-9.2.2 The right test samples shall include all of the fol-
lowing criteria:

(a) The sample shall be a square measuring 2 X 2 in.
(51 x 51 mm).

(b) Two edges of the square section shall be parallel
within = 2 degrees of the axis of the cylinder or cone in
the center of the sample.

(¢) At least 1Yo inches (38 mm) of the 2 x 2 in. (51 X
51 min) square shall be taken from the right side of the
center line of the lens.

(d) The 2 x 2in. (31 X 51 mm) square shall be cut at
approximately eve level.
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4-9.3 Each of the samples shall be cleaned in the follow-
ing manner:

(a) The sample shall be rinsed with clean tap water.

(b) The sample shall be washed with a solution of
nonionic/low phosphate detergent and water using a clean,
soft gauze pad.

(c) The sample shall be rinsed with deionized water.

(d) The sample shall be blown dry with clean com-
pressed air or nitrogen.

4-9.4 The haze of the sample shall be measured using a
haze meter in accordance with ASTM D 1003, Standard Test
Method for Haze and Luminous Transmiltance of Transparent
Plastics, and recorded with the following additions:

(a) The haze shall be measured in the middle of the
sample * Y in. (1.6 mm).

(b) The sample shall be repositioned to achieve the max-
imum haze value within the area defined in (a).

(c) The haze meter shall have a specified aperture of Vs
in. (22.4 mm).

(d) The haze meter shall have a visual display showing
0.1 percent resolution.

(¢) The haze meter shall be calibrated before and after
each day’s use following procedures outlined in ASTM D
1003, Standard Test Method for Haze and Luminous Transmit-
tance of Transparent Plastics.

4-9.5 The set-up sample shall be placed cover side up in
the test apparatus sample holder. The sample holder shall
be configured with a flat surface under the lens or with an
inner radius support.

4-9.6 The pad holder shall consist of a cylinder ¥y in. (9.6
mm) high and | in. (25.4 mm) in diameter with a radius of
curvature equal to the radius of curvature of the outside of
the lens in the viewing area =Yy diopter. This cylinder
shall be rigidly affixed to the stroking arm by a #10-32
UNF threaded rod.

4-9.7* The pad shall be a Blue Streak M306M wool felt
polishing pad %6 in. (23.8 mm) in diameter.

4-9.8* The abrasive disc shall be made from 3M Part
Number 7415, Wood Finishing Pad. A disc Y6 in. (23.8
mm) in diameter shall be cut from the abrasive sheet. The
marked side of the disc shall be placed against the pad.
Care shall be exercised to maintain this orientation for
each abrasive disc throughout the testing.

4-9.9 The pad holder, pad, and abrasive disc shall be
installed on the stroking arm. The stroking arm shall be
leveled to =3 degrees by adjusting the threaded pin. The
pin shall be secured to prevent rotation of the pad holder.
The axis of curvature of the pad holder shall be coincident
with the axis of curvature of the lens.

4-9.10 The stroking arm shall be counterbalanced with
the pad holder, pad, and abrasive disc in place.

4-9.11 The set-up sample shall be replaced with one of
the six samples to be tested.

4-9.12 The 1000 g +5 g test weight shall be installed on
the pin above the test sample.

4-9.13 The test shall be run for 200 cycles * 1 cycle. One
cycle shall consist of a complete revolution of the eccentric
wheel.

4-9.14 The length of stroke shall be ¥ in. (14.4 mm)
producing a pattern 1Y in. (38.1 mm) long. The frequency
of the stroke shall be 60 cycles +1 cycle per minute. The
center of the stroke shall be within = Y6 in. (= 1.6 mm) of
the center of the sample.

4-9.15 The sample shall be removed and cleaned follow-
ing the procedure specified in 4-9.3 of this section. The
abrasive disc shall be discarded.

4-9.16 The haze of the sample shall be measured follow-
ing the procedure specified in 4-9.4 of this section.

4-9.17 The delta haze shall be calculated by subtracting
the initial haze from the final haze.

4-9.18 The testing steps specified in 4-9.3 through 4-9.16
of this section shall be repeated five times with a new sam-
ple and abrasive disc.

4-9.19 The six delta haze values shall be averaged. The
resultant value shall be compared to the vaiue specified in
3-9.1 of this standard to determine pass/fail.

4-10 Communication Test.

4-10.1 The method for measuring word intelligibility
shall be as specified in ANSI S3.2, Method for Measuring the
Intelligibility of Speech over Communication Systems, as modi-
fied by the following requirements.

4-10.2 Testing shall be conducted in a chamber that
absorbs a minimum of 90 percent of all sound from 500 to
5000 Hz.

4-10.3 Five listening subjects and five talkers consisting of
four males and one female shall be available for testing.
The subjects participating as listeners shall have “audio-
metrically normal” hearing as defined in Section 5.3 of
ANSI $3.2, Method for Measuring the Intelligibility of Speech
over Communication Systems. Talkers and listeners shall be
selected and trained according to Section 7 of ANSI §3.2,
Method for Measuring the Intelligibility of Speech over Communi-
cation Systems.

4-10.4 The five talkers shall not have facial hair, any
unusual facial characteristics, or any other condition that
could cause interference with the seal of the facepiece from
either. The talkers shall perform and pass a qualitative fit
check per the SCBA manufacturer’s instructions. If the
talker 1s qualified to wear several sizes of facepieces, then
the talker shall choose the facepiece that is most comfort-
able.

4-10.5 The five talkers shall be trained in the donning
and usage of the SCBA per manufacturer’s instructions.

4-10.6 The five talkers shall have no obvious speech
defect or strong regional accent. Distance between the
talker and listener(s) shall be 5 ft +1/-0 ft, and they shall
be facing each other.
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4-10.7 The test material shall be the reading of one com-
plete list of phonetically balanced words as contained in
Table 1 of ANSI 83.2, Method for Measuring the Intelligibility
of Speech over Communication Systems. The words shall be
spoken singularly in the following carrier sentence:
“Would you write (list word) now?” The rate shall be
approximately one test word every six seconds. The talkers
shall be trained to talk at 65-75 dBA without an SCBA
facepiece, measured at the listener’s ear, placing no
unusual stress on any word. Training shall include the use
of background noise as defined in 4-10.9 of this section.
The talkers shall not vary their voice level after the face-
piece is donned from that used without the facepiece. The
listeners shall write each word as they hear it.

4-10.8 The talkers shall conduct two tests in the chamber
having an ambient noise field as specified in 4-10.9 of this
section, using a different word list for each of the following
conditions:

(a) With no SCBA,

(b) With SCBA worn and operated per the SCBA man-
ufacturer’s instructions.

4-10.9 The test chamber shall be filled with broadband
“pink” noise with a tolerance of 6 dB per octave band from
400 to 4,000 Hz. The forward axis of the loudspeaker shall
be oriented away from the listener group. The distance
between the loudspeaker and the listeners shall be as great
as possible so as to create a quasi-uniform sound field over
the listening group. More than one loudspeaker shall be
permitted to be used to achieve the desired sound field.
The gain of the power amplifier shall be adjusted to
achieve an A-weighted sound level of 60 dB +2 dB at each
listener’s head position, without listeners present.

4-10.10 Each listener’s response form shall be scored as
to the number of correct responses out of the 50 words
recited. Talkers’ speech shall be recorded or monitored
closely during the tests to determine if the talkers conform
to the word list specified for that test. Listeners’ scores shall
be based on the words actually spoken by the talkers. Lis-
teners’ scores shall not be reduced because of speaking
mistakes of the talkers or spelling errors that are phoneti-
cally correct.

4-10.11 All of the listeners’ scores without the SCBA used
by the talker shall be averaged. All of the listeners’ scores
with the SCBA used by the talker shall be averaged. The
average score of the five listeners for the talker using the
SCBA shall be divided by the average score of the five lis-
teners for the talker without using the SCBA, and the
result shall be called the “score value.” This procedure
shall be performed for each of the five talkers.

4-10.12 The average of the score values obtained in
4-10.11 shall be calculated.

4-10.12.1 If the average of the score values = 72 percent,
this average score value shall be used to determine pass/fail
as specified in Section 3-10 of this standard.
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4-10.12.2 If the average of the score values < 72 percent,
the sample standard deviation (s.d.) of the score values
shall be calculated in the following manner:

sd. =
where x = score values
N = sample size (5).

4-10.12.3 If the calculated sample standard deviation of
the test score values > 10.0, the test shall be invalidated,
and the procedures of 4-10.7 through 4-10.12.6 of this sec-
tion shall be repeated.

4-10.12.4 If the calculated sample standard deviation of
the test score values < 10.0, a test statistic T value shall be
calculated to determine if the average of the score values
obtained is or is not equivalent to 72 percent; it shall be
calculated in the following manner:

(n —x) VN
s.d.

T =

where x = average of the score values
N = sample size (5)

Kb = 72 percent

s.d. = sample standard deviation.

4-10.12.5 For T values = 2.13, the score value shall be
considered to be equivalent to a score value of 72 percent
and shall be used to determine pass/fail as specified in Sec-
tion 3-10 of this standard.

4-10.12.6 For T values > 2.13, the score value shall be as
calculated in 4-10.12 of this section. This calculated score
value shall be used to determine pass/fail as specified in
Section 3-10 of this standard.

4-11* Heat and Flame Test.

4-11.1 A test mannequin meeting the requirements spec-
ified in Figure 4-11.1 shall be provided.

4-11.2* The test mannequin shall have a protective cov-
ering. The protective covering shall be designed and con-
structed as follows.

4-11.2.1 The assembled protective covering composite
consisting of an outer shell, moisture barrier, and thermal
liner shall have an average Thermal Protective Perfor-
mance (TPP) of not less than 35.0 when tested in accor-
dance with Section 5-2 of NFPA 1971, Standard on Protective
Clothing for Structural Fire Fighting.

4-11.2.2 The outer shell shall be 40 percent PBI/60 per-
cent Kevlar rip stop weave, weighing approximately
7.5 oz/sq yd with a water repellent finish. Color shall be
natural, undyed.

4-11.2.3 The thermal liner shall be constructed of a
3.0 oz/sq yd rip stop pajama check NOMEX III facecloth
quilt stitched to 100 percent NOMEX III batting of
approximately 6.0 oz/sq vd.
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4-11.2.4 The moisture barrier shall be constructed of
approximately 2.25 oz/sq yd polyester/cotton fabric that is
coated with approximately 6.5 oz/sq yd of flame resistant
neoprene.

4-11.2.5 The moisture barrier shall be completely sewn to
the thermal liner at its perimeter with the neoprene side
facing outward from the thermal liner. All edges shall be
sewn together and bound with non-wicking moisture bar-
rier material. The liner/moisture barrier shall be no more
than 3 in. (76 mm) from the coat hem.

4-11.2.6 The moisture barrier and thermal liner shall be
completely detachable from the outer shell.

4-11.2.7 The protective covering shall be stitched with Kev-
lar thread using a minimum of 6-8 stitches per inch. All major
seams are to be double stitched and felled locked with all
inside seams to be finished with Kevlar thread. All stress
points shall be reinforced. No metal shall pass from the out-
side of the protective covering through the moisture barrier
and liner to cause the transfer of heat to the mannequin
when the protective covering is completely assembled. The
protective covering, including the front closure, shall be con-
structed in a manner that provides secure and complete
moisture and thermal protection. If nonpositive fasteners,
such as snaps or hook and pile tape, are utilized in garment
closures, a positive locking fastener, such as hooks and dees
or zippers, shall also be utilized. Pockets and fluorescent ret-
roreflective trim shall not be installed.

4-11.2.8 The collar shall be made of four-piece construc-
tion consisting of outer shell material on both the back or
outside and next to the mannequin neck. The two inner
layers shall consist of a thermal liner and moisture barrier.
No throat strap shall be attached.

4-11.2.9 Sleeve outside seams shall be felled, while inside
seams shall be lock stitched.

4-11.2.10 All protective covers shall measure 35 in. (889
mm) long when measured from the center of the back collar
seam to the hem. The protective cover size shall be 44-in.
chest x 34 in. sleeve (118 mm X 864 mm).

4-11.2.11 The complete protective covering shall be dis-
carded and shall not be used after three flame exposures of
the flame and heat test.

4-11.3 A test headform meeting the requirements specified
in 4-1.1 of this chapter shall be used on the test mannequin.

4-11.4 The test headform shall be attached to the Model
327-6 Breathing Machine as specified in Figures 4-1.12(a),
(b), and (c), with the modification that a 0.75 in. 1.D.
breathing hose, not longer than 25 ft (7.6 m), shall be
attached to the tee in the breathing machine and the throat
tube of the test mannequin headform.

4-11.5 The test headform shall be covered with an
undyed aramid hood for protection of the headform dur-
ing testing. The protective hood shall meet the require-
ments of Section 6-1 of NFPA 1971, Standard on Protective
Clothing for Structural Fire Fighting.

4-11.6 The protective hood, when placed on the test
headform, shall not affect the seal of the facepiece to the
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headform. The protective hood shall not cover or protect
any part of the facepiece or the facepiece retention system
that holds the facepiece to the headform.

4-11.7 The SCBA shall be mounted on the test mannequin
to simulate the correct wearing position on a fire fighter as
specified by the SCBA manufacturer’s instructions.

4-11.8 The facepiece shall be mounted and tested on the
test headform as specified in 4-1.1 of this chapter.

4-11.9 The heat and flame test apparatus shall be as spec-
ified in Figure 4-11.9.

4-11.10 The test oven shall be a horizontal forced circu-
lating air oven with an internal velocity of 200 linear ft
(61 m) per minute. The test oven shall have minimum
dimensions of 36 in. depth X 36 in. width X 48 in. height.
(91 X 91 x 122 cm).

4-11.11 The test oven shall be calibrated using a
30-gauge exposed bead type ] iron/constantin wire refer-
ence thermocouple that has been calibrated to set the
32.0°F (0.0°C) reference point with an ice bath containing
ice and deionized or distilled water. Boiling water shall be
used to set the 212°F (100°C) reference value. The refer-
ence temperatures shall be corrected to standard tempera-
tures using a barometric pressure correction.

4-11.12 For calibration prior to the heat and flame test,
the test mannequin shall be exposed to direct flame contact
for 10 seconds using the heat and flame test apparatus as
specified in Figure 4-11.9. All peak temperature readings
shall be within a temperature range of 1500°F to 2102°F
(815°C to 1150°C). The average mean of all peak tempera-
ture readings shall be no higher than 1742°F (950°C).

4-11.13 The test oven recovery time, after the door is
closed, shall not exceed 1.0 minute.

4-11.14 The air flow performance test shall be conducted
as specified in 4-1.12, 4-1.13, 4-1.14, and 4-1.15 of this
chapter, with modifications to the ventilation rate specified
in 4-11.15 of this section and with test temperatures speci-
fied in 4-11.12 and 4-11.15 of this section. The air flow
performance test shall continue through the drop test as
specified in 4-11.19 of this section.

4-11.14.1 The variation in pressure extremes caused by
the flame and heat test mannequin configuration shall be
determined in the following manner. The air flow perfor-
mance test as specified in Section 4-1 of this chapter shall
be carried out at a ventilation rate of 103 L/min =3 L/min,
and 40 L/min =2 L/min. A second air flow performance
test shall be carried out using the configuration specified in
4-11.4 of this chapter at the same ventilation rates. The
difference in pressure between the two tests shall be calcu-
lated by subtracting the values obtained using the configu-
ration defined in 4-11.4 from the values obtained using the
configuration specified in Section 4-1.

4-11.15 The ventilation rate shall be set at 40 L/min
+2 L/min, with a respiratory frequency of 12 =1 breaths/
minute at ambient conditions as specified in 4-1.13 of
this chapter. The SCBA mounted on the test mannequin
shall be placed in the test oven that has been preheated to
203°F +4°F (95°C +2°C). After the door is closed and the
oven temperature recovers to 203°F (95°C), the test expo-
sure time of 15 minutes shall begin.
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4-11.16 At the completion of the 15-minute exposure, the
ventilation rate shall be increased to 100 L/min as specified in
4-1.12 of this chapter. The oven door shall be opened and
the SCBA mounted on the test mannequin shall be moved
out of the oven and into the center of the burner array.

4-11.17 The SCBA shall then be exposed to direct flame
contact for 10 seconds +0.25/-0.0 seconds. This exposure
shall begin within 20 seconds of removal of the SCBA from
the test oven.

4-11.17.1 The SCBA shall be observed for any afterflame,
and the afterflame duration shall be recorded to determine
pass/fail as specified in 3-11.2 of this standard.

4-11.18 Within 20 seconds after completing the direct
flame exposure, the SCBA mounted on the test mannequin
shall be raised 6 in. +0.25/-0.0 in. (152 mm +6.3/-0.0 mm)
and dropped freely.

4-11.18.1 The SCBA shall be observed to determine pass/
fail as specified in 3-11.3 ofthis standard.

4-11.19 The facepiece pressure during the entire test
shall be read from the strip chart recorder and corrected
by adding the value of the difference in pressure calculated
in 4-11.14 of this section to determine pass/fail as specified
in 3-11.1 of this standard. Any pressure spike caused by the
impact of the drop test and measured within a duration of
three cycles of the breathing machine after the apparatus
drop shall be disregarded.

4-11.20 The SCBA facepiece shall be removed from the test
headform and, without touching the lens, shall be donned by
a test subject with visual acuity of 20/20 in each eye uncor-
rected or corrected with contact lenses. The test shall be con-
ducted using a standard 20 ft (65.8 m) eye chart with normal
lighting range of 100-150 ft-candles at the chart and with the
test subject positioned at a distance of 20 ft (6.1 m) from the
chart. The test subject shall then read the standard eye chart
through the lens of the facepiece to determine pass/fail as
specified in 3-11.4 of this standard.

Chapter 5 Referenced Publications

5-1 The following documents or portions thereof are ref-
erenced within this standard and shall be considered part
of the requirements of this document. The edition indi-
cated for each reference is the current edition as of the
date of the NFPA issuance of this document.

5-1.1* NFPA Publication.

NFPA 1971, Standard on Protective Clothing for Structural
Fire Fighting, 1991 edition

5-1.2* AATCC Publication.

AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics, 1989

5-1.3* ANSI Publications.

ANSI S§3.2, Method for Measuring the Intelligibility of Speech
over Communication Systems, 1989

ANSI/CGA G-7.1, Commodity Specification for Air, 1989

5-1.4* ASTM Publication.

ASTM D 1003, Standard Test Method for Haze and Lumi-
nous Transmittance of Transparent Plastics, 1988

5-1.5*% GSA Publication.

Federal Test Method Standard 191A, Textile Test Methods,
20 July 1978

5-1.6* Navy Publication.
MIL-STD-810E, Environmental Test Methods, 14 July 1989

5-1.7*% U.S. Government Publication.

30 CFR Part 11; Respiratory Protective Devices, Tests
for Permissibility, 25 March 1972

Appendix A

This Appendix is not a part of the requirements of this NFPA docu-
ment, but is included for information purposes only.

A-1-1.1 The use of self-contained breathing apparatus
(SCBA) by fire fighters is always assumed to be in atmo-
spheres immediately dangerous to life or health (IDLH).
There is no way to predetermine hazardous conditions,
concentrations of toxic materials, or percentages of oxygen
in air in a fire environment, during overhaul (salvage)
operations, or under other emergency conditions involving
spills or releases of hazardous materials. Thus, SCBA are
required at all times during any fire fighting, hazardous
materials, or overhaul operations.

A-1-2.1 The following performance requirement is new
for this edition of the standard:

Heat and Flame Test. This test is intended to provide
a reasonable level of assurance that, when a breathing
apparatus is exposed to a variety of thermal and physical
conditions and breathing rates that simulate the conditions
of a flashover accident, the apparatus will perform and
function properly.

The performance tests contained in the 1987 edition of
this standard and continued or revised in this edition are:

1. Air Flow Performance Test. This test increases the cur-
rent NIOSH breathing machine requirement of 40 L/min
to 100 L/min. The 100 L/min ventilation rate was derived
from a review of several studies indicating that a ventilation
rate of 100 standard liters per minute encompasses the
98th percentile of all fire fighters studied.

2. Environmental Temperature Resistance Tests. This series
of tests exposes the breathing apparatus to various temper-
ature extremes and temperature cycles that breathing
apparatus might be exposed to during storage conditions
and certain environmental changes.

3. Particulate Resistance Test. This test exposes the
breathing apparatus to a specified concentration of partic-
ulates to provide a reasonable level of assurance that the
apparatus is designed to properly function when exposed
to the dust conditions commonly present during fire fight-
ing operations.
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4. Facepiece Lens Abrasion Resistance Test. This test is
designed to provide a reasonable level of assurance that
the facepiece lens of the breathing apparatus is not easily
scratched during fire fighting operations that could result
in reduced visibility for the fire fighter.

5. Communications Test. This test is designed to assure that
the facepiece of the breathing apparatus does not significantly
reduce a fire fighter’s normal voice communication.

6. Accelerated Corrosion Resistance Test. This test is to pro-
vide a reasonable level of assurance that the breathing appa-
ratus is designed to resist corrosion that may form and inter-
fere with the apparatus performance and function.

7. Vibration Test. This test is to provide a reasonable
level of assurance that when the breathing apparatus is
exposed to vibration and impact, such as being carried on
a vehicle that often travels over rough road surfaces, the
apparatus will properly perform and function.

8. Fabric Components Test. Flame, heat, and thread tests
are added to provide a reasonable level of assurance that
the fabric components of a harness assembly used to hold
the backplate to the wearer’s body will remain intact dur-
ing fire fighting operations.

Users are cautioned that if more unusual conditions pre-
vail, such as higher or lower extremes of temperatures
than described herein, or if there are signs of abuse or
damage to the SCBA or its components, the user’s margin
of safety may be reduced. All retrofits or repairs should be
approved by the manufacturers whose SCBA complies with
this standard.

A-1-2.2 Although SCBA that meet this standard have
been tested to more stringent requirements than required
for NIOSH/MSHA certification, there is no inherent guar-
antee against SCBA failure or fire fighter injury. Even the
best-designed SCBA cannot compensate for either abuse or
the lack of a respirator training and maintenance program.
The severity of these tests should not encourage or con-
done abuse of SCBA in the field.

The environmental tests utilized in this standard alone
might not simulate actual field conditions, but are devised
to put extreme loads on SCBA in an accurate and repro-
ducible manner by test laboratories. However, the selection
of the environmental tests was based on summary values
derived from studies of conditions that relate to field use.

A-1-3 Approved. The National Fire Protection Associa-
tion does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve
or evaluate testing laboratories. In determining the accept-
ability of installations or procedures, equipment or materi-
als, the authority having jurisdiction may base acceptance
on compliance with NFPA or other appropriate standards.
In the absence of such standards, said authority may
require evidence of proper installation, procedures or use.
The authority having jurisdiction may also refer to the list-
ings or labeling practices of an organization concerned
with product evaluations which is in a position to deter-
mine compliance with appropriate standards for the cur-
rent production of listed items:

A-1-3 Authority Having Jurisdiction. The phrase

“authority having jurisdiction” is used in NFPA documents
in a2 broad manner since jurisdictions and “approval” agen-
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cies vary as do their responsibilities. Where public safety is
primary, the “authority having jurisdiction” may be a fed-
eral, state, local or other regional department or individual
such as a fire chief, fire marshal, chief of a fire prevention
bureau, labor department, health department, building
official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection
department, rating bureau, or other insurance company
representative may be the “authority having jurisdiction.”
In many circumstances the property owner or his desig-
nated agent assumes the role of the “authority having juris-
diction”; at government installations, the commanding
officer or departmental official may be the “authority hav-
ing jurisdiction.”

A-1-3 Compressed Breathing Gas. The quality of breath-
ing air to be used in open-circuit SCBA, as well as other
SCBA use criteria, is contained in NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program.

A-1-3 Listed. The means of identifying listed equipment
may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as
listed unless it is also labeled. The “authority having juris-
diction” should utilize the system employed by the listing
organization to identify a listed product.

A-2-1.1.2 Since additional weight can reduce the fire fight-
er’s ability to carry out assigned tasks, weight reduction is a
prime concern of the Committee. The Committee recom-
mends that SCBAs of rated 30-minute duration should be
limited to a maximum weight of 25 Ib (11 kg). Purchasers are
advised to specifically address weight in their purchase spec-
ifications regardless of the rated service time.

A-2-1.1.3 SCBA that are certified by NIOSH/MSHA
include a rated service time based on laboratory tests
required by NIOSH. The SCBA is tested using a specified
breathing machine with a breathing rate of 40 L/min.
NIOSH uses this 40 L/min rate because it represents a
moderate work rate that an average user can sustain for a
period of time. To attain a rated service time of 30 minutes
during this 40 L/min test, the typical SCBA cylinder must
contain 1200 L or more of compressed breathable air.
A 45-cu ft cylinder has a capacity of 1273.5 L, based on
28.3 L/cu ft. Because actual work performed by a fire
fighter often results in a ventilation rate that exceeds
40 L/min, fire fighters will frequently not attain the rated
service time of 30 minutes. During extreme exertion, for
example, actual service time can be reduced by 50 percent
or more.

To assure proper utilization of equipment in actual situ-
ations, after training and instruction, it is recommended
that users gain confidence by actually using the SCBA in a
series of tasks representing or approximating the physical
demands likely to be encountered.

In addition to the degree of user exertion, other factors
that may affect the service time of the SCBA include:

(a) The physical condition of the user. (See also ANSI Z88.6.)

(b} Emotional conditions, such as fear or excitement,
that may increase the user’s breathing rate.

(¢) The degree of training or experience the user has
had with such equipment.
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(d) Whether or not the cylinder is fully charged at the
beginning of use.

(e) The facepiece fit.

(f) Use in a pressurized tunnel or caisson. At two atmo-
spheres of pressure (29.4 psig), the duration will be one-
half the duration obtained at one atmosphere of pressure
(14.7 psig); at three atmospheres of pressure (44.1 psig),
the durauon will be one-third the duration obtained at one
atmosphere of pressure.

(g) The condition of the SCBA.

(h) The SCBA etfective dead air space. Dead air space is
a volume proportional to the CO, concentration in the
inhaled breathing gas.

During normal breathing without a facepiece, carbon
dioxide, which is produced by the body’s metabolism, is
released to the environment on cach breath. The facepiece
of an SCBA reduces this environment to a small space
around the face. On exhalation, a portion of the carbon
dioxide-rich exhaled breath is trapped in this space. On
inhalation, fresh air from the SCBA cylinder mixes with
this carbon dioxide-rich air and then enters the lungs. The
concentration of carbon dioxide is dependent on facepiece
configuration, flow characteristics, and ventilation rate.

The full effect of increased dead air space has not been
demonstrated. However, the scientific work done in this
area shows that an increase of CO, in the inhalation air
leads to increased ventilation and, consequently, shorter
service time for a given air supply. Means to reduce CO; in
the inhalation air by using, for example, a well-fitting nose
cup have been demonstrated to give longer service time.
Contact each manufacturer for specific data.

A-2-2.1 The certification organization should have suffi-
cient breadth of interest and activity so that the loss or
award of a specific business contract would not be a deter-
mining factor in the financial well-being of the agency.

A-2-2.3 The contractual provisions covering certification
programs should contain clauses advising the manufac-
turer that if requirements change, the product should be
brought into compliance with the new requirements by a
stated effective date through a compliance review program
involving all currently listed products.

Without these clauses, certifiers would not be able to
move quickly to protect their name, marks, or reputation.
A product safety certification program would be deficient
without these contractual provisions and the administrative
means to back them up.

A-2-2.4 [Investigative procedures are important clements
of an effective and meaningful product safety certification
program. A preliminary review should be carried out on
products submitted to the agency hefore any major testing
is undertaken.

A-2-2.7 Such inspections should include, in most
instances, witnessing of production tests. With certain
products the certification organization inspectors should
select samples from the production line and submit them
to the main laboratory for countercheck testing. With
other products, it may be desirable to purchase samples in
the open market for test purposes.

A-3-1 The current NIOSH certification test method, 30
CFR 11, uses a ventilation rate of 40 L/min, while NFPA
1981 requires an air flow test based on a ventilation rate of
100 L/min. A ventilation rate of 100 standard L/min
encompasses the 98th percentile of all fire fighters studied.
The ability of the SCBA to supply the 100 L/min of breath-
ing air is measured in this air flow performance test by
monitoring the pressure within the facepiece.

Specific response times for both the pressure transducer
and recorder are specified in this standard. It is important
to note that if other types of recording devices, measuring
equipment, and testing methods are used, pressure fluctu-
ations might appear in the facepiece as short (millisecond)
negative pressure spikes. The significance of these spikes to
the actual protection afforded the user by the SCBA is not
fully understood at this time. Additional studies are needed
to determine the significance, if any, of these spikes.
Because these negative spikes might affect the actual pro-
tection offered by the SCBA, it is recommended that a face-
piece fitting program be established. Quantitative fitting
tests are recognized to be the best method for determining
the facepiece-to-face seal and should be performed by the
fire service wherever SCBA are used. For departments that
wish to perform quantitative fit testing, a suggested proce-
dure for conducting such tests may be found in ANSI
788.2, Practices for Respiratory Protection.

A-3-9 This standard contains an abrasion test that is used
to evaluate the outside surface of the facepiece lens. This
standard does not address the abrasion resistance of the
interior surface of the facepiece lens. Current facepiece
lens interior surfaces may be uncoated, coated with an anti-
fog agent, coated with an abrasion-resistant agent that does
not comply with the performance required in Section 3-9
of this standard, or coated with an abrasion-resistant coat-
ing that does comply with the performance required in
Section 3-9 of this standard. Information regarding coat-
ings on the lens interior surface should be obtained from
the SCBA manufacturer.

A-3-10 As the communications test is the only test that
requires human subjects, there were variations in the data
used to determine the appropriate pass/fail criteria. There-
fore, a statistical approach to analyze the data was required to
determine whether an individual SCBA meets the pass/fail
criteria of Section 3-10. A null hypothesis test utilizing the
Student t-distribution is the appropriate method to do this.

The Student t-distribution of 2.13 results from the fol-
lowing conditions:

Degrees of freedom = 4

Confidence level = 95 percent.

Refer to any current statistical text for further information.

A-4-1.1 The headform, Models 803608-01 and 803608-
02, can be obtained from Scott Aviation, 225 Erie St., Lan-
caster, NY 14086. Drawings can be obtained from NFPA
for Model 803608-01 or 803608-02.

A-4-1.7 A Model P24 differential pressure transducer
with a range of £8.9 in. (£226 mm) of water differential is
recommended and available from Validyne Engineering
Corporation, 8626 Wilbur Avenue, Northridge, CA 91324,
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A-4-1.8 A Model #1241 BOO one-pen recorder is recom-
mended and available from Soltec Corporation, 11684
Pendleton Street, Sun Valley, CA 91352,

A-4-1.12 Complete engineering drawings to construct the
Model 327-6 Breathing Machine can be obtained from
NFPA. A fully fabricated machine can be obtained from Hy
Tech Machine, Inc., 25 Leonburg Road, Mashuda Indus-
trial Park, Mars, PA 16046.

The respiratory frequency is determined by dividing the
minute volume by the tidal volume for each Model 327-6
Breathing Machine manufactured.

A-4-1.14 Calibration Procedure for NFPA Model 327-6
Breathing Machine.

CALIBRATION PROCEDURE FOR
NFPA MODEL 327-6
BREATHING MACHINE

I. Set Up Equipment.

1. Remove plug fitting and open valve at side port of
the breathing machine (BM), then close the valve to the
test headform.

2. Connect a non-return 2-way valve to the side
port. (See Figure 4-4-1.14.)

3. Make sure all gas has been expelled from a gas col-
lection bag by rolling the bag up. Connect the bag to the
dead-ended gas-collection port of a 3-way valve. (See Detail 2.)
A recommended gas-collection bag is a 120-liter meteorolog-
ical bag (Catalog No. 022631) or a 150-liter Douglas bag (Cat-
alog No. 022622) available from Warren C. Collins, Inc., 220
Wood Road, Braintree, MA 02184. Equivalent or similar col-
lection bags may be substituted. Collins also supplies a 3-way
valve (T-shape stopcock - Catalog No. 021043).

4. Connect the common port of the 3-way valve to
the exhalation port of the nonreturn 2-way valve. (See
Detail 3.)

5. Connect the Validyne Transducer DP 24 to a
pressure tap on the collection side of the 3-way valve. The
transducer output goes to the Soltec Recorder.

II. Collect Gas

1. With the vent port of the 3-way valve open, start
BM and allow BM to “warm up” for at least ten minutes.

2. After the 10-minute “warm up” period, adjust the
speed to approximately 30 rpm if the machine has not
been calibrated within the last few days. If the machine has
recently been calibrated, leave it at its preset adjustment.

3. Set the chart speed on the Soltec Recorder to
60 cm/min and start the recorder.

4. At the start of an inhalation, turn the 3-way valve
so that the air exhaled from the BM goes into the collection
bag. (See Detail 4.)
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5. Each exhalation stroke should produce a positive
peak on the strip-chart recording, which can be used as a
counter. The operator may use a substitute method to
count the exhaled tidal volumes (TV) that go into the bag.

6. After 30 to 35 exhalations, turn the 3-way valve at
the start of an inhalation so that the gas collection port is
closed and the BM vents to atmosphere. Turn off the
Soltec Recorder.

II1. Measure the Volume (liters) of Gas Collected (V).

1. The recommended method to measure the vol-
ume of gas in the bag is to transfer the air into a Spirome-
ter. Make sure the bag is completely empty by rolling it up.

2. Another method to measure the gas volume in the
bag is to slowly empty the bag through a calibrated dry-gas
meter. Ensure that a correction factor is applied as
required.

IV. Calculate Minute Volume.

1. From the positive peaks on the strip chart record-
ing, count the number of exhalations (NE) that were made
into the bag or use your own counting method if you are
sure 1t is correct.

2. Measure the total distance (in cm) between the
peaks of 30 exhalations, which should be approximately
60 cm at a chart speed of 60 cm/min. (See Detail 5.) 1f the
pressure in the gas-collection port has not been measured,
the operator may use another method to accurately mea-
sure the breathing machine’s rpms.

3. Calculate RPM,

30 breaths
distance X min
60 cm

RPM =

4. Determine the tidal volume (TV),

v = L
1 NE

5. Determine the Minute Volume, V.

Vy = TV x RPM

NOTE: A record of TV and RPM should be maintained
for each machine. As the seals on the pistons wear, the TV
for a given RPM may decrease, an indication that the seals
should be replaced.

V. Minute Volume Adjustment.

1. 1If the Vy is between 100 liters and 106 liters, no
adjustment is necessary and the BM is ready to perform
the NFPA Air Flow Performance Test at the present RPM
setting.

2. If the Vy < 100, the RPM must be increased and
the V) recalculated.

3. If the Vy > 106 liters the RPM must be
decreased and the Vy, recalculated.



