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Preface

This is the Third Edition of the ANSI/CAN/UL/ULC 2166, Standard for Safety for Halocarbon Clean Agent
Extinguishing System Units.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO). ULC Standards is accredited by the
Standards Council of Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation

of a Standards Development Organization.
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International Classification for Standards (ICS): 13.220.20
For further information on UL standards, please contact:

Underwriters Laboratories Inc.
171 Nepean Street, Suite 400
Ottawa, Ontario K2P 0B4
Phone: 1-613.755.2729

E-mail: ULCStandards@ul.com
Web site: ul.org

This Standard-s-intended-to-be-usedfor r\r\nfnrmlfy assessment-

The intended primary application of this standard is stated in its scope. It is impoftant tp note that it
remains the fesponsibility of the user of the standard to judge its suitability for this particular gpplication.

CETTE|NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE
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INTRODUCTION
1 Scope

1.1 These requirements cover the construction and operation of halocarbon clean agent fire
extinguishing system units intended to be installed, inspected, tested, and maintained in accordance with
the Standard on Clean Agent Fire Extinguishing Systems, NFPA 2001 and with the National Fire Code of
Canada.

1.2 These requirements also cover halocarbon clean agent automatic extinguisher units that may have a
manual means of operation, and are intended to be used in accordance with the manufacturer's

installation i

a) Fo
syste

b) Fol
single

2 General

2.1 Values
approximate

2.2 Where
automatic ex|

3 Glossary
3.1 Forthe

3.2 AGENT
after agent d

3.3 AUTON

actuation andl could haye-mechanical manual operation, is intended for use in normally unoc

and is limited

3.4 CLEAN
leave a resi

structions—-Automatic nvfingl isherunits-are-notintended:

r use as a general substitute for pre-engineered or engineered clean agent
M units; or

I protection of fire risks larger than those specified in the manufactdrer's inst
unit by using multiple units.

stated without parentheses are the requirement. \alues in parentheses are €
information.

these requirements reference "extinguishing system unit," the requirements
finguisher units unless specifically noted etherwise.

purpose of these requirements, the following definitions apply.

scharge has been completed at any other nozzle in the system.

IATIC EXTINGUISHER UNIT — A unit that discharges extinguishing agent

to a single protected area per 1.2.

AGENT - Electrically nonconducting, volatile, or gaseous fire extinguishant

extinguishing

ructions for a

xplanatory or

also apply to

TIME IMBALANCE — A-situation in which the start of agent discharge at a npozzle occurs

upon thermal
Cupied space,

that does not

ue-upon evaporation. The word "agent" as used in this document shall mean

'clean agent"

unless otherwise indicated.

3.5 CYLINDER/VALVE ASSEMBLY — A container that incorporates a valve and which provides storage
of the extinguishing agent and expellant (when applicable) until the valve is actuated. When actuated, the
valve releases the agent into the distribution network of the extinguishing system.

3.6 DISCHARGE NOZZLE - A device that is used to uniformly distribute the extinguishing agent:
a) Over a specific area; or

b) Within a specific volume;

or both.


https://ulnorm.com/api/?name=UL 2166 2021.pdf

12 ANSI/CAN/UL/ULC 2166 DECEMBER 8, 2021

3.7 DISCHARGE TIME — The time required to discharge from the nozzle 95 percent of the agent mass at
21°C (70°F). For some halocarbon agents, it is the time interval between the first appearance of liquid at
the nozzle and the time at which the discharge becomes predominantly gaseous.

3.8 DISCHARGE TIME, MAXIMUM — The longest discharge time specified by the manufacturer; but, not
greater than 10 s for Class A hazards or 10 s for Class B hazards.

3.9 ENGINEERED SYSTEM - A system that requires individual calculation and design, in accordance
with the extinguishing system unit manufacturer's instructions, to determine the flow rates, nozzle
pressures, quantities of extinguishing agent, and number and types of nozzles for effective extinguishing
agent distribution and fire coverage.

3.10 EXPEULLANT GAS - An inert gas used to facilitate the discharge of a supgrpressurized
extinguishinglagent at low temperatures.

3.1 EXTINGUISHING SYSTEM UNIT — Identified components that are assembled into system for the
discharge of an extinguishing agent through fixed piping and nozzles for the purpose of extinguishing fires.

3.12 HALOCARBON CLEAN AGENT — A clean agent that contains as primary componentg one or more
organic compounds containing one or more of the elements fluorine, chlorine, broming, or iodine.
Examples ar¢: hydrofluorocarbons (HFCs); hydrochlorofluorocarbons (HCFCs); perfluorocarbons (PFCs
or FCs); and fluoroiodocarbons (FICs).

3.13 MANUAL MEANS OF ACTUATION — A means of system actuation in which the system operator
initiates systgm discharge, either mechanically or electrically.

3.14 MASTER VALVE - A discharge valve that>upon automatic or manual actuation operates other
valves or dev|ces in an extinguishing system.

3.15 MINIMUM DESIGN NOZZLE PRESSURE — Typically, the minimum average pressurg for a nozzle
present during system discharge.

3.16 OPERABLE PRESSURE<RANGE — The pressure range corresponding to the pregsures in the
storage container at the specified minimum and maximum temperatures for which the extinguishing
system unit i intended to be‘operable.

3.17 OPERATING PRESSURE - The pressure in a fully charged storage container at a manufacturer
specified noifmal ambient temperature condition. Currently recognized normal ambient [temperature
conditions fof extinguishing system units usmg SI (Internatlonal System) units are 15°C and 20°C.
Currently recegwize ambie emp dition—fc ts using US
customary units is 70 F (21 C)

3.18 OPERATING TEMPERATURE RANGE - The temperature range inclusive of the minimum and
maximum temperatures for which the extinguishing system unit or pneumatic control assembly is intended
to be stored, used, and operated.

3.19 PNEUMATIC CONTROL ASSEMBLY — A pressure vessel with a valve or puncture disc pressurized
with an inert gas that upon automatic or manual means of actuation, releases pressure that controls or
results in the discharge process.

3.20 PRE-ENGINEERED SYSTEM - A system that is tested in accordance with the limitations
prescribed by the manufacturer for maximum and minimum pipe lengths, accessories, number of fittings,
number and types of nozzles and nozzle placement, maximum areas, volumes, or both areas and
volumes of protection.
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3.21 PROOF TEST PRESSURE - The factory test pressure of each cylinder used to evaluate cylinder
leakage and construction integrity. For Department of Transportation (DOT) or Transport Canada,
Transportation of Dangerous Good Regulations (TDGR) approved cylinders, the factory test pressure is
specified in the appropriate DOT or TDGR specification. For ASME vessels, the factory test pressure is
specified in Section VIII, Pressure Vessels, of the ANSI/ASME Boiler and Pressure Vessel Code. For non-
DOT cylinders, non-TDGR cylinders, and non-ASME cylinders, the factory test pressure is three times the
cylinder operating pressure at 21°C (70°F).

3.22 SELECTOR (DIRECTIONAL) VALVE — A device that is installed in the piping of an extinguishing
system and that directs the flow of extinguishing agent to the appropriate protected volume. This valve is

used only when more than one volume is being protected by a single extinguishing system.

3.23 TOTA
arranged to ¢
an effective ¢

4 Compon

4.1 Except
requirements

ents

| FLOODING SYSTEM - A system consisting of a supply of halocarbon
ischarge the extinguishing agent into the intended protected volume and te_fill
xtinguishing agent concentration.

as indicated in 4.2, a component of a product covered by this standard shall cq
for that component.

clean agent
hat volume to

mply with the

4.2 A compgonentis not required to comply with a specific requirement that:
a) Inyolves a feature or characteristic not required in the application of the component in the
product covered by this standard, or
b) Is guperseded by a requirement in this standard.
4.3 A component shall be used in accordance with its rating established for the intended|conditions of
use.
4.4 Specifi¢ components are incomplete in construction features or restricted in |performance
capabilities. |Such components are. intended for use only under limited conditions, su¢h as certain

temperatures

5 Design Manual

5.1 A copy
of an engine
determined

not exceeding spegified limits, and shall be used only under those specific cong

of the-design manual is to be furnished for use as a reference in the examinatiq
bred clean agent extinguishing system unit. The design manual shall reference
ythe calculation method and includes at least the following items:

itions.

n and testing
he limitations

a) A description of the general principles utilized in the calculation method;

b) Limitation on percent of agent in the pipe;

c¢) Limitations on minimum and maximum pipeline flow rates;

d) Limitations regarding the types of tee splits (for example, bull head, side outlet) and attached
fittings. In addition, the intended range of flow splits and information on the orientation, installation,
and critical length for each type of split.

e) Limitations on conditions that result in agent time imbalance condition at each nozzle; for
example limits on the variance for agent arrival time and runout time between nozzles.

f) Min

imum design nozzle pressure;
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6 Owner's Manual

6.1
least the folloyving:

g) Method for determining nozzle orifice area and selection of nozzle, as well as nozzle flow
information; limits for minimum and maximum orifice area in relation to the attached pipe area;

h) Nozzle area coverage limitations, minimum and maximum height limitations, and information on
location of nozzle in the protected area;

i) Range of filling weights for each size container;
i) Minimum and maximum design discharge time;
k) Operating temperature range limitations;

1) Description of the system design procedure and a sample problem indicating all computer input
requirgd and computer output information calculated;

m) Equivalent length values of all fittings and all system equipment through which the clean agent
flows;

n) Reference to installation, operation, and maintenance manual (identified by part{number and
date), jalong with the method to obtain;

0) Thg name of the manufacturer or private labeler or equivalentdesignation;
p) Date and manual designation number on each page;

g) When the calculation method has not been investigated at temperatures other than the normal
ambient temperature, appropriate cautionary information stating that when the storage temperature
varies|by £5.5°C (10°F) from the normal ambienttemperature, there is the risk that the system will
not supply the designed quantity of extinguishing“agent;

r) Cautionary information indicating the calculation method has been investigated for gpecific types
of fittipgs, types of pipe and pipe inside)diameter. Also that when the specified limitdtions are not
maintained there is the risk that the-system will not supply the required quantity of extinguishing
agent

When ah owner's manual is provided with an extinguishing system unit, see 59.1, it shall include at

a) Cldar indication that it is not a detailed installation, operation, and maintenande manual or
desigr) manual (when applicable).

b) Clear reference 1o the availability of the installation, operation, and maintenance manual and
design manual by contacting the manufacturer.

c) A statement that the system periodically be inspected by trained personnel.

d) Information regarding the essentials required to maintain the system in operation both before
and after a fire.

e) A statement that no modifications are to be made to the system without consulting a qualified
system designer who is to refer to the detailed installation or maintenance manual. The statement
shall include the following or equivalent wording: "This system is made up of units tested within
limitations contained in the detailed installation manual. The system designer must be consulted
whenever changes are planned for the system or area of protection. An authorized installer or
system designer must be consulted after the system has discharged. "
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CONSTRUCTION
7 General

7.1 After discharge of the extinguishing agent is initiated, an extinguishing system unit shall maintain the
maximum rate of application of the extinguishing agent without requiring a manual action.

7.2 All exposed parts of an extinguishing system, including the finishes on coated or painted parts, the
assemblies of moving parts, the nameplates as secured in place, the mounting bracket, or other similar
parts, shall be resistant to commonly encountered atmospheric corrosive influences, and to galvanic
corrosion, as determined by the Salt Spray Corrosion Test, Section 29.

7.3 When't
presents a 1
susceptible t

he deterioration, breakage or other malfunction of a material for an extinguishin
sk of causing the extinguishing system to become inoperable, the material
D stress cracking. See 10-Day Moist Ammonia Air Stress Cracking Test, Section

g system unit
shall not be
53.

7.4 As covegred by these requirements, an extinguishing system unit consistsof:

a) AcTuating assemblies;

b) An|extinguishing agent storage container and valve assembly;

c) Discharge nozzle(s);

d) Indicators that show the condition of the extinguishing system;
e) A means for mounting the extinguishing system;

f) Manifold check valves;

g) Remote manual controls;

h) Selector valves; and/or

i) Other accessory equipment.
7.5 Where |U.S. customary-units are employed, the minimum storage temperature of an |extinguishing
system unit |shall be 35%"(1.7°C) or higher in increments of 5°F (2.8°C) up to a maximum of 65°F
(18.3°C); 321F (0°C);-Q%F (minus 17.8°C), or lower in increments of 10°F (5.5°C); and a maxjmum storage
temperature |of either*100°F (37.8°C), 120°F (48.9°C), 130°F (54.4°C), or higher in increments of 10°F
(5.5°C), exdeptithat the 100°F (37.8°C) maximum storage temperature applies to an automatic

nitonly

extinguisher

7.6 Where Sl (System International) units are employed, extinguishing system units shall have a
minimum storage temperature of 1.7°C (35°F) or higher in increments of 2.8°C (5°F) up to a maximum of
18.3°C (65°F); 0°C (32°F), -20°C (minus 4°F) or lower in increments of 5°C (9°F); and a maximum storage
temperature of 37.8°C (100°F), 50°C (122°F), or higher in increments of 5°C (9°F), except that the 37.8°C
(100°F) maximum storage temperature applies to an automatic extinguisher unit only.

7.7 When used as part of a multiple unit system, an extinguishing system unit shall be provided with a
means for simultaneous operation of all system units.

7.8 The design concentrations for an extinguishing system unit and an automatic extinguisher unit shall
be in accordance with the Standard for Clean Agent Fire Extinguishing Systems, NFPA 2001. Also,
compliance with the Class A and Class B Fire Extinguishing Tests described in Section 35, and Nozzle
Distribution Verification Tests described in Section 36, shall be demonstrated.
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8 Electrical

8.1

ly Operated Alarms

When an electrically operated alarm is used, it shall comply with the Standard for Audible Signal

Appliances, UL 464 or CAN/ULC-S525, Standard for Audible Signal Devices for Fire Alarm Systems.

9 Controls and Indicators

9.1 An extin

guishing system shall be provided with:

a) An automatic and manual means of actuation; or

b)Am

anual means of actuation only.

An automatic

9.2 A manu
for accidental

9.3 An extin
filled with a s
the container.

9.4 Whena

a) The
of actt

b) WH

independent back-up source, such as a battery.

9.5 A contr
extinguishing
Systems, UL

9.6 Removd
the selector
panel.

9.7 Duplicafe terminals or leads, or an equivalent arrangement, shall be provided for circuit

intended to b

extinguisher unit shall incorporate an automatic means of actuation.

bl means of operation shall be provided with a seal or other device tp'minimize
discharge.

guishing system unit shall incorporate a pressure gauge for each agent storg
Lper pressurized agent and each pneumatic control assembly, showing the pr
See Sections 13A and 14A, respectively.

manual means of actuation is provided (see 9.1):and it utilizes an electrical pow

t electrical power source shall be independent of the power source for the auto
ation; or

en the power source is used for heth manual and automatic actuation, it s

bl unit, such as a control panel, push-button station, or similar unit, used 4
system shall comply with the Standard for Control Units for Fire-Protecti
B64 or CAN/ULC-S527, Standard for Control Units for Fire Alarm Systems.

| of an electric @ctuator from either the agent storage container discharge valve
alve it controls shall result in a visual and audible supervisory signal at the rele]

b.connected to initiating-device circuits of a releasing control unit; one for each i

the potential

ge container
pssure within

Br source:

matic means

hall have an

s part of an
ve Signaling

it controls or
asing control

5 of products
ncoming and

one for eact

outgoing wire. tt s ot prohibited that—a common terminat be used i tieu

of duplicate

terminals when it is intended to prevent the looping of an unbroken wire around or under a terminal screw
in a manner that permits the looped wire to remain unbroken during installation, thereby precluding
supervision in the event the wire becomes dislodged from under the terminal. A notched clamping plate
under a single securing screw, where separate conductors are intended to be inserted in each notch, is an
equivalent arrangement.

10 Pressure Vessels

10.1

corrosion at least equivalent to:

A pressure vessel shall be fabricated of a material having rigidity, durability, and resistance to

a) A mild steel alloy, such as SAE 1010, having a minimum thickness of 0.71 mm (0.028 inch).
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b) An aluminum alloy, such as 6061-T6 or 6361-T6 (see the Standard Specification for Aluminum
and Aluminum-Alloy Sheet and Plate, ASTM B209), having a minimum thickness of 0.71 mm
(0.028 inch); or

¢) An aluminum alloy, such as 1100, 1170, and 3003, having a minimum thickness of 0.71 mm
(0.028 inch).

d) Stainless steel, having a minimum thickness of 0.71 mm (0.028 inch).

10.2 The requirements in this section do not apply to a pressure vessel marked as complying with DOT,
TDGR, or ASME specifications, unless otherwise specifically indicated.

10.3 Anex
Transportatidg
VIl of the AS
National Sta

Sections 26 and 58.2.

104 Anex
shall comply

10.5 An ex
with the appl

10.6 An ex
designed, co
of the ANSI/A

10.7 For th
measured or
points after f

10.8 Them
sidewall.

10.9 Autom

operating préssure ofJ.65 MPa (240 psi) or less at 21°C (70°F) and an internal volume T

0.018 m3 (11
compressed
exceed 80 p

inguishing system pressure vessel that is not intended to be used where U.S.

n, Transport Canada, Transportation of Dangerous Goods Regulations (TDG
ME Boiler and Pressure Vessel Code are required, is able to be tested inmaccorg
hdard which applies, and is not required to comply with the requiremeénts in

inguishing system pressure vessel under the jurisdiction of the\Department of T
with the appropriate DOT specifications for shipping contaifers.

inguishing system pressure vessel under the jurisdiction of Transport Canada
cable Regulations and standards for pressure vessels.

inguishing system pressure vessel that is pot'intended to be shipped pressu
hstructed, inspected, certified and marked{nh accordance with Section VIII, Pres
ASME Boiler and Pressure Vessel Code.

uncoated metal. The thickness-of the dome and of the bottom is to be measu
brming and before coating,

inimum width of a brazed joint on the sidewall shall be at least four times the th

atic extinguiSher unit pressure vessels for use with a halocarbon clean agen

00 inches®) for a non-liquefied compressed gas, or 0.0009 m?® (55 inches®) f
gas, 'shall be constructed so that the stress in any part of the pressure ves
prcent of the yield strength of the material or 50 percent of the ultimate tensile S

epartment of
R) or Section
ance with the
this section,

ransportation

shall comply

lized shall be
sure Vessels,

e purpose of these requirements, thickness measurements of the sidewall are to be

red at several

ckness of the

[ and with an
ot exceeding
or a liquefied
5sel does not
trength of the

material whe

sSubjected to the proof testpressure specifiedim 26.2. (See 10 10— 10-197:

Exception: Pressure vessels complying with 10.4, 10.5, or 10.11 are not required to comply with this

requirement.

10.10 With reference to the requirements of 10.9, the maximum stress at proof pressure for commonly
used materials and fabricating processes shall not exceed the values specified in Table 10.1.
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Table 10.1

Maximum stress at proof pressure

Maximum stress,

Material psi (MPa)
Copper brazed mild steel 25,000 (172)
Welded mild steel 27,000 (186)
Extruded 6061-T6, 6361-T6 aluminum 27,000 (186)
Extruded 3003 aluminum 16,000 (110)
Extruded 1100 aluminum 14,500 (100)

Extruded 1170 gtormirmorm

Stainless steel

1600

10.11

specified in Table 10.1 or when the mode of use or construction is such that the.values spe

When the metal and the maximum stress value of the fabricating method- used is other than that

cified are not

appropriate, pull tests are to be conducted to determine the yield and ultimate strength of the [naterial. Test

samples are fo be taken either from stock material or from finished parts in ‘ac€ordance with S
Methods and|Definitions for Mechanical Testing of Steel Products, ASTM A370. When samp
from ruptured pressure vessels, the samples are to be taken in a direction perpendicular to
opening, as determined during the rupture test specified in 26.8. The maximum stress value is
upon the megn values resulting from the test series minus two unbiased standard deviations.

10.12 To dgtermine the stress acting on the pressure yessel at the specified proof test |

formulas spegified in Figure 10.1 are to be used.

tandard Test
es are taken
the ruptured
5 to be based

bressure, the
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Figure 10.1

Stress determination formulas

Cylindrical Contaginer Walls Hemispherical Dome Ellipsoidal Dome Torispherical Dome
or Bottom or Bottom or Bottom

S= Pd _PL _PD S= 0.885PL
2 T2t T2t =T

[
S= :? (sphere)
S25098

in which:
S is the stress at proof test pressure, psi (kPa)
P is thg proof test pressure, psi (kPa)
d is thg inside diameter (cylindrical portion of shell), inches (mm)
D is thé¢ inside diameter of dome or bottom, inches (mm)
L is thg inside spherical radius or dish radius, inches (mnj),
t is the|material thickness, inches (mm)
ris the|"Knuckle" radius, inches (mm)

h is thq distance from outside crest of head to tangent point with sidewall

1. Cylindrical Container Walls
2. Hemispherical Done or Bottom

3. Ellipsoidal Dome or Bottom

4. Torispherical Dome or Bottom
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10.13 When the pressure is applied to the convex side of an ellipsoidal or torispherical dome or bottom,
the material thickness of the dome and bottom used for the calculations of 10.12 is to be multiplied by a
factor of 1.67.

10.14 The material of the dome and bottom of a metal pressure vessel shall be of the same material as
the sidewall of the pressure vessel and shall have a thickness after forming equal to or greater than the
minimum measured wall thickness of the pressure vessel.

Exception No. 1: When the dome or bottom is formed integral with the sidewall and its thickness after
forming less than the minimum measured sidewall thickness of the cylinder, the intent of this requirement
is met when the measured dome or bottom thickness is more than 87 percent of the thickness of the

sidewall (to a

Exception Nd
defined in 10

10.15 A dor
at which the ¢
the nearest c
the sidewall t

10.16  Wher

ccount for any reduction in thickness which results from the forming process)

. 2: These requirements do not apply to pressure vessels with a flat dome
78.

ne or bottom is evaluated as being integral with the sidewall whenthe distance f|
ome or bottom is turned (the tangent point between the dome.or bottom and th
rcumferential joint of the pressure vessel (excluding the collar) is greater than
b the center of the pressure vessel.

a torispherical form dome or bottom is used, the-knuckle radius r shall be ng

percent of thg inside dish radius L, and the cylinder diameter.d shall be equal to or larger th

dish radius L.

10.17 Wher]
thinnest sect
minimum insi

10.18 For t
calculating th

See Figure 10.1.

either a flat dome or flat bottom is integral with the sidewall, the minimum thig
on of the dome or bottom shall be twice the minimum measured sidewall th
e knuckle radius shall be 2.5 percent of the inside diameter of the sidewall.

e purpose of these requirements, the shape of a dome or bottom shall be d
ratio of the inside diameter of the dome or bottom to twice the distance fron

crest of the Head to the inside tangent‘point with the sidewall. The ratio (D/2h) then shall b
specified in Table 10.2.

or bottom as

rom the point
e sidewall) to
the radius of

t less than 6
an the inside

kness of the
ckness. The

btermined by
n the outside
e applied as

Table 10.2
Shape determination of domes and bottoms
Ratio range Shape
1.00-1.50 Hemispherical
1.51-3.00 Ellipsoidal
3.01-3.50 Torispherical
Greater than 3.50 Flat

10.19 A flat dome or bottom shall be used only on seamless pressure vessels or on pressure vessels
having a linear sidewall length greater than 1-1/2 times the sidewall inside diameter.

11 Gaskets

11.1

and "O" Rings

A gasket of an elastomeric material shall be thick enough to provide a compression-type seal. A

seal, gasket, or an "O" ring that is continuously exposed to the extinguishing agent under pressure during
intended service shall be made of a material compatible with the halocarbon extinguishing agent. See
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Elastomeric Parts Test, Section 53A; 30-Day Elevated Temperature Test, Section 27; and One-Year Time
Leakage Test, Section 33.

12 Filling Densities

121 Them

aximum and minimum filling densities shall be specified by the manufacturer.

13 Pressure Gauges and Indicators — Extinguishing System Units

13A Press

13A.1 Ana
gauge shall t
unit, except
corresponds

Exception: T
halocarbon €

13A.2 The
such as psig

13A.3 The
contain a deg

13A.4 The
pressure gau
wide as, and

a) To
manul

b) Td
manu

c) To

Section 13 revised and relocated as Section 13A

S Hndicat A St Contai
Section 13 revised and relocated as Section 13A

gent storage container shall be equipped with a pressure gauge. Theyoperating
ake into account the operating temperature-pressure relationship of the extingu
that the minimum operating pressure indication is able to be\higher than the
to the minimum operating temperature.

[he pressure gauge is not required for an agent storage container that is
xtinguishing agent only and not charged with an expellant gas.

cription of the clean agent.

pressure gauge shall be marked with the gauge manufacturer's identifyin
ge shall also be marked-according to the following, as applicable, using a line
of the same stroke thickness as, the manufacturer's identifying mark:

indicate galvaniC ‘compatibility with aluminum valve bodies — a horizontal li
facturer's identifying mark.

indicate{ . galvanic compatibility with brass valve bodies — a horizontal lir
facturer'sidentifying mark.

ndicate galvanic compatibility with aluminum and brass valve bodies — a line ab

) range of the
shing system
pressure that

filled with a

pressure gauge face shall indicate the appropriate units for which the gauge|is calibrated,
kPa, kg/cm?, or any combination of pressurg-units.
pressure gauge face shall be marked to indicate: "Use with Only. " The blank is to

g mark. The
extending as

he above the

e below the

bve and a line

below

themamnufactorer'sdentifying mark; oronty the mamofactorer'sdentifyinmg mar

additional line.

k without any

13A.5 A pressure gauge shall have a pressure relief that provides for venting in the event of a leak, such
as from a bourdon tube or diaphragm.

13A.6 For mechanical pressure gauges, the gauge dial face shall comply with the requirements in 13A.7,
13A.8, and 13A.9.

13A.7 For mechanical pressure gauges, the maximum indicated gauge pressure shall be between 150
and 250 percent of the indicated operating pressure, and not less than 120 percent of the pressure at
48.9°C (120°F). The zero, operating, and maximum indicated gauge pressures shall be shown in
numerals and with marks. The minimum use temperature shall be marked on the left side of the operable
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pressure range, an operating temperature value shall be marked at indicated charging pressure and the
maximum use temperature shall be marked on the right side of the operable pressure range.

13A.8 For mechanical pressure gauges with 110 degrees of arc or greater between the minimum and
maximum use temperature at least five separate pressures shall be shown in marks on the portion of the
arc between the minimum use temperature and the operating pressure; and the same identifications shall
be made between the operating pressure and the maximum use temperature. For gauges with less than
110 degrees of arc between the minimum and maximum use temperature, at least two separate pressures
shall be shown on each side of the operating pressure.

13A.9 For mechamcal pressure gauges, the portlon of the arc between the minimum operating pressure

mark and the
the arc is abl
operating prd
pressure, buf
the area defin
to the center

temperature marking shall have a red or white background and shall be marked "Recharge.

the dial from
background &
the remaining
shall end in th
inch). The mi
inch). The mi
inch) measur
mark.

13A.10 For
less than 0.64

13A.11  For
character prg
device.

13A.12 For
level indicato
reading.

13A.13 For
transfer from

ne 10
e to be higher than the minimum operatlng pressure but no hlgher than 90\p
ssure and the upper portion of the arc is able to be lower than the maxim
no lower than 110 percent of the operating pressure. The background ‘of the
ed as being that above radial lines connecting each of the maximum-and minim
bf the gauge shall be red. The arc of the dial from the zero pressure point to the

he maximum use temperature to the maximum indicated pressure shall have 3
nd shall be marked "Overcharged." All numerals, letters, and characters shall

background of the gauge shall be white. Pointers shall be yellow, and the tip

e arc of the pressure indicating dots, and shall have<a maximum tip radius of 0.4
himum length of the pointer from center point of the dial to the tip shall be 9.5
nimum length of the arc from the zero pressure tothe operating pressure shall b
bd from the center line of the zero pressure mark to the center line of the opera

mechanical pressure gauges, the mark used to indicate the operating pressurg
mm (0.025 inch) nor more than 1.02 mm (0.040 inch) wide.

electronic pressure gauges, the gauge shall show the gauge is powered, such a
sentation on the display device, either continuously or by depressing a butt

electronic pressure’ gauges, if the device is battery operated, there shall be a 4
I available either continuously or by depressing a button or similar device t

er portion of
rcent of the
m operating
auge face in
m markings
inimum use
" The arc of
red or white
be black and
bf the pointer
5 mm (0.010
3 mm (0.375
e 25.4 mm (1
ing pressure

shall be not

5 by a unique
bn or similar

attery power
b display the

electronic pressure gauges where a primary and secondary source of pow
fhe ‘primary power source to secondary power source shall result in no loss of in

r is used, a

Tormation.

13A.14 For electronic pressure gauges, the indicated gauge pressure shall be shown in numerals either
continuously or by depressing a button or similar acting device to display the reading. The temperature at
the minimum operating pressure, the temperature at the rated pressure, and the temperature at the
maximum operating pressure shall be indicated such that it is clear that the temperature-pressure
correlation is or is not correct and additional action might be necessary. When the gauge pressure is less
than the minimum operating pressure, there shall be an indication of “Recharge.” When the gauge
pressure is greater than the maximum operating pressure, there shall be an indication of “Overcharged.”
The maximum indicated pressure shall be greater than the maximum operating pressure and shall be
specified.

13A.15 For electronic pressure gauges, a local trouble signal shall require human intervention to assess.
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13A.16 For electronic pressure gauges, access control, reprogramming. or querying information shall be
conducted during monthly inspections.

13A.17 For electronic pressure gauges, the circuits and construction of parts of the gauge shall comply

with the following sections as noted.

Enclosures UL 864:5,6,8,9,10 ULC-S527:8.1,8.3,8.4,8.5
Printed wiring boards UL 864: 18 ULC-S527: 8.9, 10.17
Electrical spacings UL 864: 16 and 17 ULC-S527: 8.8.2; 8.16
Field wiring terminals and leads (battery UL 864: 11.14, 12 ULC-S527: 8.6
powered)
Field wiring terprirats-enc-eads UE-864—24 BEC-S527-8-6
(powered from|= 120VAC)
Field wiring compartment (battery UL 864: 11, 12 ULC-S527: 8.6.2
powered)
Field wiring compartment (powered from | UL 864: 14 ULC-S527:18:6:2
2 120VAC)
Separation of power limited and non- UL 864: 12.3 ULG-S527:8.7.2
power limited gircuits
Risk of shock UL 864: 3.90 ULC-S527: 3.56
Risk of fire UL 864: 3.91 ULC-S527: 3.57
Strain relief UL 864:12.6.1 ULC-S527:8.6.3.1
Coil windings UL 864: 21 ULC-S527: 8.8
Across-the-ling components UL 864: 22.4 ULC-S527: 8.14
Switches UL 864:22.1,22.3 ULC-S527:8.12,8.13
Internal wiring UL 864: 13 ULC-S527: 8.7,
Internal wiring [if utilizing a battery UL 864: 14 ULC-S527: 8.7, 8.8.9
charger)
Battery accesd (for wireless signaling) UL 864.56.5.11 (b) ULC-S527: 4.20.10.11 (b),
Primary batteries UL'864: 23.2, 23.3; ULC-S527: 8.15
Battery packs UL 2054 -
13A.18 Forlelectronic pressure gauges, the markings shall comply with the following sectiofs as noted.
Markings UL 864: 95.1.1(k), 95.1.1(l), 95.1.25, ULC-S527:9.3.12,9.3.2,p.3.3,9.3.5

95.1.26, 95.2

13A.19 For electronic pressure gauges that include supplementary remote communication capability:

a) any reprogramming shall be conducted during monthly inspection and require manual actuation
of a security means at the gauge, which permits on-site or off-site programing; and

b) remote communication faulting shall have no effect on electronic pressure gauge operation.

13A.20 For electronic pressure gauges that include remote communication capability to a supervising

station:

a) any reprogramming shall be conducted during monthly inspection and require manual actuation
of a security means at the gauge or at fire alarm control unit of monitoring station, which permits
on-site or off-site programing;
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b) the interface to supervising stations maximum response time for monitoring pressure within
required pressure range shall be within 24 hours; and

c) when battery powered, shall monitor battery capacity and provide trouble signal within 24 hours
at fire alarm control unit of monitoring station when minimum 30 days power remains.

14 Pressure Gauges — Pneumatic Control Assemblies

Section 14 revised and relocated as Section 14A

14A Pressure Gauges — Pneumatic Control Assemblies

14A.1 A pn{
the gauge sh
except that t
corresponds

Exception: A
dioxide orac

14A.2 The
such as kPa,

14A.3 The
contain a des|

14A.4 The
pressure gau
wide as, and

Section 14 revised and relocated as Section 14A

Il take into account the operating temperature-pressure relationship-6f'the com
ne minimum operating pressure identification is able to be higher than the j
0 the minimum operating temperature.

pressure gauge is not required for a pneumatic control assembly that is filleg
artridge filled with high pressure inert gas that is intended to be weighed to verify

bressure gauge face shall indicate the appropriate.units for which the gauge
kg/cm?, psig or any combination of pressure unifs:

bressure gauge face shall be marked toxindicate: "Use with Only. " Th
Cription of the pneumatic control assembly contents.

pressure gauge shall be marked with the gauge manufacturer's identifyin
e shall also be marked according to the following, as applicable, using a line
Df the same stroke thickness.as, the manufacturer's identifying mark:

a) A horizontal line above, the gauge manufacturer's identifying mark shall be use

galvar

ic compatibility withraluminum valve bodies.

b) A

orizontal line_below the gauge manufacturer's identifying mark shall be use

galvanic compatibility with brass valve bodies.

c) A horizontal’' line above and below the gauge manufacturer's identifying mark

manufacturer's identifying mark without any additional lines shall be used to indig

pumatic control assembly shall be equipped with a pressure gauge. The)operating range of

pressed gas,
ressure that

with carbon
the quantity.

s calibrated,

e blank is to

j mark. The
extending as

d to indicate

d to indicate

or only the
ate galvanic

compatibility with aluminum and brass valve bodies.

14A.5 A pressure gauge shall have a pressure relief that provides for venting in the event of a leak, such
as from a bourdon tube or diaphragm.

14A.6 For mechanical pressure gauges, the gauge dial face shall comply with the requirements in 14A.7

- 14A.9.

14A.7 For mechanical pressure gauges, the maximum indicated pressure shall be between 150 and 250
percent of the indicated operating pressure, and not less than 120 percent of the pressure at the maximum
operating temperature. The zero pressure, operating pressure, and maximum indicated pressure shall be
shown with identification marks and in numerals. The minimum use temperature shall be marked on the
left side of the operating pressure range; the operating temperature shall be marked at the operating
pressure; and the maximum operating temperature shall be marked on the right side of the operating
pressure range.
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14A.8 For mechanical pressure gauges with at least 110 degrees of arc between the minimum and
maximum operating temperature, at least five intermediate pressure identification marks shall be shown
on each side of the operating pressure and at least one intermediate identification mark on each side of
the operating pressure shall also be shown in numerals. For gauges with less than 110 degrees of arc
between the minimum and maximum operating temperature, at least two pressure intermediate
identification marks shall be shown on each side of the operating pressure and at least one intermediate
identification mark on each side of the operating pressure shall also be shown in numerals.

14A.9 For mechanical pressure gauges, the portion of the arc between the minimum operating pressure
marking and the maximum operating pressure marking shall be green except the lower portion of the arc is
able to be higher than the minimum operating pressure, but no higher than 90 percent of the operating
pressure and the upper portion of the arc is able to be lower than the maximum operating pressure, but no

lower than 110 of the operating pressure. The background of the gauge face in the area def
that above rddial lines connecting each the maximum and minimum identification marks.to th

the gauge

all be red. The arc of the dial from the zero pressure point to the Jminim

temperature [identification mark shall have a red or white background and shall.be, markeq

The arc of t
have ared o
shall be blac
tip of the poi
radius of 0.2
shall be 9.5
pressure sha
center line of

14A.10 For
not less than

14A.11 The
utilizes a me
Pressure forn
Pressure forn

e dial from the maximum operating temperature to the maximum_ indicated
[ white background and shall be marked "Overcharged." All numerals, letters, a

and the remaining background of the gauge shall be white, Pointers shall be y
hter shall end in the arc of the pressure identification marks;“and shall have a
b mm (0.010 inch). The minimum length of the pointer.from center point of the
mm (0.375 inch). The minimum length of the arc fream the zero pressure to
Il be 25.4 mm (1 inch) from the center line of the’ zero pressure identificatio
the operating pressure mark when measured atthe maximum radius of the gau

mechanical pressure gauges, the identification mark used for the operating pre
0.64 mm (0.025 inch) nor more than 1.02 mm (0.040 inch) wide.

requirements in this section do not-apply to a high pressure pneumatic control
chanical pressure gauge evaluated in accordance with the Standard for Gaug
Compressed Gas Service; UL 404 or Guide for the Investigation of Gaug
Compressed Gas Seryice; ULC/ORD-C404. The maximum scale value of

ned as being
P green arc of
um operating
| "Recharge."
ressure shall
nd characters
bllow, and the
maximum tip
dial to the tip
the operating
h mark to the
pe face.

ssure shall be

hssembly that
es, Indicating
bs, Indicating
the pressure
Um operating

such as by a
J a button or

Dattery power

gauge shall| be greater than the- pressure developed in the container at the maxim
temperature put not higher than<250 percent of the operating pressure.

14A.12 For electronic pressure gauges, the gauge shall show the gauge is powered,

unique character presentation on the display device, either continuously or by depressin
similar device.

14A.13 For electfonic pressure gauges, if the device is battery operated, there shall be a

level indicater—availablte—eithet UUIIt;IIUUUOIy Of b_y dcplcco;lly a—button—or-simitar—device—
reading.

display the

14A.14 For electronic pressure gauges, where a primary and secondary source of power is used, a
transfer from the primary power source to secondary power source shall result in no loss of information.

14A.15 For electronic pressure gauges, the indicated gauge pressure shall be shown in numerals either
continuously or by depressing a button or similar acting device to display the reading. The temperature at
the minimum operating pressure, the temperature at the rated pressure, and the temperature at the
maximum operating pressure shall be indicated such that it is clear that the temperature-pressure
correlation is or is not correct and additional action might be necessary. When the gauge pressure is less
than the minimum operating pressure, there shall be an indication of “Recharge.” When the gauge
pressure is greater than the maximum operating pressure, there shall be an indication of “Overcharged.”
The maximum indicated pressure shall be greater than the maximum operating pressure and shall be
specified.
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14A.16 For electronic pressure gauges, a local trouble signal shall require human intervention to assess.

14A.17 For electronic pressure gauges, access control, reprogramming. or querying information shall be
conducted during monthly inspections.

14A.18 For electronic pressure gauges, the circuits and construction of parts of the gauge shall comply
with the following sections as noted.

Enclosures UL 864:5,6,8,9,10 ULC-S527:8.1,8.3,8.4,8.5
Printed wiring boards UL 864: 18 ULC-S527: 8.9, 10.17
Electrical spacings UL 864: 16 and 17 ULC-S527: 8.8.2; 8.16
Field wiring termimatsandteads(battery U 86a— 14,12 UtC-8527876
powered)
Field wiring terminals and leads UL 864: 24 ULC-S527: 8.6
(powered from & 120VAC)
Field wiring comppartment (battery UL 864: 11, 12 ULC-S527; 86.2
powered)
Field wiring coppartment (powered from | UL 864: 14 ULC*S527: 8.6.2
2 120VAC)
Separation of ppwer limited and non- UL 864: 12.3 ULC-S527:8.7.2
power limited circuits
Risk of shock UL 864: 3.90 ULC-S527: 3.56
Risk of fire UL 864: 3.91 ULC-S527: 3.57
Strain relief UL 864:12.6.1 ULC-S527: 8.6.3.1
Coil windings UL 864: 21 ULC-S527: 8.8
Across-the-linelcomponents UL 864: 22.4 ULC-S527: 8.14
Switches UL 864: 22.1, 22.3 ULC-S527:8.12, 8.13
Internal wiring UL 864: 13 ULC-S527: 8.7
Internal wiring (|f utilizing a battery UL 864214 ULC-S527:8.7,8.8.9
charger)
Battery access [for wireless signaling) UL-864: 56.5.11 (b) ULC-S527: 4.20.10.11 (b)
Primary batterigs UL 864: 23.2, 23.3 ULC-S527:8.15
Battery packs UL 2054 -
14A.19 For Electronie’pressure gauges, the markings shall comply with the following sections as noted.
Markings UL 864: 95.1.1(k), 95.1.1(l), 95.1.25, ULC-S527:9.3.12,9.3.2,9.3.3,9.3.5

9571267952

14A.20 For electronic pressure gauges that include supplementary remote communication capability:

a) any reprogramming shall be conducted during monthly inspection and require manual actuation
of a security means at the gauge, which permits on-site or off-site programing; and

b) remote communication faulting shall have no effect on electronic pressure gauge operation.

14A.21
station:

For electronic pressure gauges that include remote communication capability to a supervising
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a) any reprogramming shall be conducted during monthly inspection and require manual actuation
of a security means at the gauge or at fire alarm control unit of monitoring station, which permits
on-site or off-site programing;

b) the interface to supervising stations maximum response time for monitoring pressure within

requir

ed pressure range shall be within 24 hours; and

c) when battery powered, shall monitor battery capacity and provide trouble signal within 24 hours

at fire

alarm control unit of monitoring station when minimum 30 days power remains.

15 Puncturing Mechanisms

15.1
made of non

16 Electrid

16.1
system unit 3

17 Siphon

17.1 A siph
extinguishing

17.2 Joints
use, such as

17.3 Thes
unintended n

18 Clean A

18.1 Haloc
States Envirg

18.2 Haloc

The parts of a puncturing mechanism, with the exception of unexposed springs and

An elgctrically operated valve or pressure switch that is intended to/operate an

errous metal or corrosion-resistant stainless steel.

ally Operated Valves and Pressure Switches

hall be capable of being used in such an application.
Tubes

on tube shall be constructed of a material that is resistant to the corrosive
agent with which it is to be used. See 52.2.1 and 52.2.2.

between the siphon tube and valve shall*be constructed so that they do not dise
being threaded, locked in position by aset screw, or similar construction.

phon tube shall be notched, scarfed, or otherwise prevented from restricting di
nanner when the tip of the siphon'tube is resting on the bottom of the shell.

gents

brbon clean agents)shall be used as a fire extinguishing agent in accordance W
nmental Protection Agency's Significant New Alternatives Program or equivaler

brbon cleah agents shall comply with the standard of quality as specified in thg

pins, shall be

extinguishing

effects of the

ngage during

scharge in an

ith the United
t.

Standard on
omogeneous

Clean Agent Fire Extinguishing Systems, NFPA 2001. Clean agent blends shall remain

throughout the specified storage temperature range.

19 Expellant Gases

19.1  Where nitrogen is used as the expellant gas, the nitrogen shall have a dew point of minus 51.1°C

(60°F) or less. The nitrogen shall be grade H, I, J, K, L, M, N, O, or P, as described in Table 1 of
Commodity Specification for Nitrogen, CGA G10.1.

20 Polyme

20.1
of:

ric Materials and Nonmetallic Parts

A polymeric or other nonmetallic part, other than "O" ring or gasket, shall be evaluated on the basis

a) Mechanical strength, see Mounting Device Test, Section 34; Hydrostatic Pressure Test, Section
26; Burst Strength Test — Gauges and Indicators, Section 46; Nameplate Exposure Tests, Section

54,
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b) Moisture absorption (see 52.3.1 and 52.3.2); Salt Spray Corrosion Test, Section 29; Nameplate
Exposure Tests, Section 54;
¢) Flammability (see 20.2);

d) Resistance to deterioration due to aging, see Aging Tests — Plastic Materials, Section 52;
Nameplate Exposure Tests, Section 54;
e) Exposure to light (see 52.3.1 and 52.3.2); Nameplate Exposure Tests, Section 54; and
f) Exposure to the extinguishing agent (see 52.2.1 and 52.2.2).
| 202 with r il : j j sosed—parts shall be
classified as Type HB V 0 V1 V- 2 or 5V when tested in accordance W|th the Standard|for Tests for

Flammability pf Plastic Materials for Parts in Devices and Appliances, UL 94 or Evaluation.of Properties or

Polymeric Materials, CSA-C22.2 No. 0.17. Other nonmetallic materials shall, havg¢ equivalent

characteristicp.

21 Anti-Re¢oil Devices

21.1  An antj-recoil device shall be supplied on the outlet of each preSsurized extinguishing system unit

storage contg
the storage u

22 Pressur

221 Apres
in such applig

22.2 Apres
extinguishme

a) Incgrporate a manual reset; or

b) Be
capab

Pressure swi
pressure thaf
higher.

iner for shipping, handling, and storage purposes. The-@anti-recoil device shall b
nit by a chain or other equivalent means.

b Switches

ations, as determined by the performance tests specified in these requirements.

sure switch that provides the essential functions for the extinguishing system u
nt such as ventilation or energy-shutdown shall:

constructed to require recharging of the storage container before the press
e of being reset.

ches intended for supervision of pressurized containers shall be preset to o
corresponds to the minimum operating temperature of the extinguishing sy

e attached to

sure switch intended for use with an extinguishing system unit shall be capable ¢f being used

nit to achieve

re switch is

berate at the
stem unit or

PERFORMANCE

23 General

23.1

56.

24 Discharge Test

241

+2.8°C (70 +5°F) by either:

a) Holding in a room maintained at the conditioning temperature for 16 h; or

Representative samples of an extinguishing system unit are to be subjected to the tests specified in
Sections 24 —

After the agent storage container (and expellant gas, if applicable) has been conditioned to 21
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b) Holding in a room maintained at the conditioning temperature until the internal temperature of
the container is shown to be at the required value by measurement.

An extinguishing system unit shall have a maximum discharge time as defined in 3.8. The discharge time
for a pre-engineered extinguishing system unit is to be evaluated in accordance with the requirements in
24.2. The discharge time for an engineered extinguishing system unit is to be evaluated in accordance
with the Verification of Flow Calculation Method Test, Section 38.

242 A fully charged pre-engineered extinguishing system unit is to be connected to the piping
arrangements simulating the most severe conditions specified by the manufacturer's limitations, and then
discharged. The discharge time is to be measured manually with a stopwatch or automatically by

monitoring th

e pressure at the nozzle with a calibrated pressure transducer or equivalent an

an attached

chart records
25 Valve L

25.1
pressure for

25.2 A marn

per inch of ngminal valve size when subjected to one-half the cylindef proof test pressure for

25.3 Prior
completely fi
applied.

254 The a
producing th

its parts in the event of rupture, the required fittings for attachment to the test sample

pressure gay
than the teg
maintaining
determined t

255 Thep
pressure is 3
accumulated

26 Hydros

A cylinder discharge valve shall show no visible leakage while subjectedto the cylin

a

bakage Test

1 min. See 26.2.

ifold check valve and selector valve shall show no leakagé)in excess of 0.5 ml/n

o conducting this test, the valve is to be threaded in place after the contai

der proof test

nin (1 fl oz/hr)
1 min.

ner has been

led with water. Care is to be taken to expel ‘alair from the test sample before pressure is

pbparatus for these tests is to consist of a hand- or motor-operated hydraulic pur
b required test pressure, a test cage ‘capable of containing the extinguishing sy

ge graduated in at least 0.14/MPa (20 psi) increments to at least 1.38 MPa (20

np capable of
stem unit and

a calibrated
0 psi) greater

t pressure, and the required valves, fittings, and other components, for re¢gulating and

he specified test pressure. Other test methods shall be considered and ag
b achieve equivalentresults.

cepted when

essure is to be.increased at a rate of approximately 2.07 MPa (300 psi) per min until the test

ttained. The-pressure is then to be held for 1 min, during which time any lea
for measurement.

atic. Pressure Test

kage shall be

26.1

of twice the proof test pressure as specified in 26.2.

An extinguishing system unit pressure vessel shall withstand for 1 min, without rupture, a pressure

26.2 With reference to the requirement of 26.1, the proof test pressure is to be determined as follows:

a) For a pressure vessel that is not tested and marked in accordance with the specifications of the
DOT or Transport Canada, Transportation of Dangerous Goods Regulations, the proof test

press

ure is to be three times the intended operating pressure at 21°C (70°F).

b) For a pressure vessel that is tested and marked in accordance with the specifications for
shipping containers of the DOT or Transport Canada, Transportation of Dangerous Goods
Regulations, the proof test pressure is to be as specified in the applicable DOT or Transport
Canada, Transportation of Dangerous Goods Regulations specification.
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c) For a pressure vessel that is tested and marked in accordance with ASME specifications, the
proof test pressure is to be as specified in Section VIII, Pressure Vessels, of the ANSI/ASME Boiler
and Pressure Vessel Code.

d) The minimum proof pressure in any case is to be not less than twice the operating pressure or
0.83 MPa (120 psig), whichever is greater.

26.3 The pressure vessel of an extinguishing system unit that is not provided with a pressure relief and
that when tested to rupture as described in 26.8 fractures:

a) Along circumferential joints between the top or bottom dome and the sidewall;

b) Att

c) Att

shall not ruptdire at a pressure of eight times the operating pressure at 21°C (70°F);

Exception: FH
evaluated ac
affected zone
the welding p

26.4 The flat dome or bottom of a pressure vessel that issnot provided with a pressur

withstand for
vessel at 211
sleeve or sim

26.5 There
a pressure ve
pressure as s

Exception N¢. 1:

accordance v

Exception Na.

not required {

Ll Ll HPR-y §
1S 0UINAal ur Lulidil JUIIIL, Ul

ne point of attachment of elbows or discharge fittings;

actures passing through welds and parallel to the longitudinal axis of a contai

of a weld is a part of the weld. The heat affected zone isthat part of the cylindg
roCess.

1 min, without rupture, an internal pressure ofieight times the rated working pr
C (70°F). During this test, the vessel sidewall is to be restrained with a clos
lar device to prevent rupture of the sidewall:

shall be no permanent volumetric expansion in excess of 10 percent of the total
ssel of an extinguishing system.anit when the pressure vessel is pressurized to
pecified in 26.2 (a), (b), (c), ori{d) for 30 s and the pressure then released.

The test pressure”for pressure vessels that have been proof presst
ith 26.2 is to be 11Q.percent of the proof test pressure. See also 26.9.

2: A pressure-vessel that is tested and marked in accordance with ASME spé
b be subjected'to permanent volumetric expansion testing.

26.6 A disc
device shall

addition, no pe

argexvalve assembly, manifold check valve, selector valve and any other press
ithstand, W|thout rupture damage or permanent dlstortlon the pressure specrfl

her are to be

cording to the requirements specified in 26.1. For the purpose of this requirement the heat

r affected by

e relief shall
bssure of the
b fitting steel

expansion of
he proof test

re tested in

peifications is

ure retaining
edin 26.1. In

pressure at 21°C (70° F) from a system un|t not protected by a pressure reI|ef

Um operating

26.7 The apparatus for the tests specified in 26.1 — 26.6 is to consist of a hand- or motor-operated
hydraulic pump capable of producing the required test pressure, a test cage that contains the test sample
and its parts in the event that parts are thrown off, valves and fittings for attachment to the test sample,
and the valves, fittings, and other fixtures, for regulating and maintaining the specified test pressure.

26.8 The test sample is to be filled with water and all air expelled. The pressure is to be increased at a
rate of approximately 2.07 MPa (300 psig) per minute until the test pressure is obtained. This test pressure
is to be held for 1 min. The pressure then is to be increased until the container ruptures, to determine
rupture characteristics as defined in 26.3.
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26.9 To determine compliance with the requirements specified in 26.5, the test is to be

conducted in

accordance with Methods for Hydrostatic Testing of Compressed Gas Cylinders, CGA C-1, and the water

jacket test apparatus specified therein is to be used.
27 30-Day Elevated Temperature Test

271
its maximum storage temperature for a period of 30 days shall not show:

a) Leakage greater than 0.021 percent of the minimum charge weight;

An extinguishing system cylinder/valve assembly, including actuating components, conditioned at

b) Signs of corrosion to components caused by exposure to the clean agent under storage

conditions, and pressurized to their operating pressure at 21°C (/0°F); nor

c) Elastomeric seal degradation or separation after being discharged.

entative sample extinguishing system units, charged to their maximum fill den

sity, are to be

placed in thg horizontal and vertical positions, and maintained at maximum'’ storage tempgrature for 30

days. The urits are then to be conditioned at 21°C (70°F) for 24 h, and checked for weight
loss. The units are then to be discharged through a representative piping ‘'system, the valve

and the seal$ examined. At least one unit is then to be discharged, and.the cylinder, valve, pr|
and other cgmponents exposed to the extinguishing agent are-to.be examined for signs
caused by eXposure to the extinguishing agent.

Exception: System units intended for transportation and storage in the vertical position are n
be tested in the horizontal.

28 Temperature Cycling Test

28.1 An exjinguishing system cylinder/valVe-assembly, including actuating components, s
leakage rate|greater than 0.25 percent per,year of the minimum charge weight after being su
Temperature|Cycling Test.

28.2 Repr
placed in th
hours, then
temperature
checked for

entative sample _extinguishing system units charged to their maximum fill den
horizontal and-vertical positions and maintained at the minimum storage temp
t the maximum’ storage temperature for 24 h, and then again at the mini
or 24 h. JFhe“units are then to be conditioned at 21°C (70°F) for 24 h, after wh
eight and pressure loss.

Exception: Systent units intended for transportation and storage in the vertical position are n

and pressure
Hisassembled
essure gauge

of corrosion

ot required to

hall not show

bjected to the

sity are to be
erature for 24
mum storage
ich it is to be

ot required to

L H aial
'S rioriZouriidr.

be tested in

29 Salt Spray Corrosion Test

29.1 The following are to be subjected to the test described in 29.3 and 29.4.

a) All parts of a fully-charged extinguishing system unit, including the finishes on coated or painted
parts, mechanically affixed metallic nameplates as secured in place, and the attachments required

for installation.

b) Any other operating components (components having moving parts) that have externally
exposed materials without corrosion resistance equivalent to polymeric material, brass or stainless

steel.

29.2 After exposure, an extinguishing system unit shall comply with the following:


https://ulnorm.com/api/?name=UL 2166 2021.pdf

32

ANSI/CAN/UL/ULC 2166

DECEMBER 8, 2021

a) The extinguishing system unit shall show no evidence of corrosion on any surface, other than
corrosion that is capable of being easily wiped off after rinsing with tap water. When any part of the
system has a corrosion resistant coating, the coating shall be intact and shall not be removable by
rinsing with tap water or rubbing with a finger.

b) No

c) Wh

galvanic corrosion shall be visible on the system unit.

en the system has a pressure gauge, the gauge shall not have moisture inside.

d) Shall operate as intended. When a component being tested is normally charged with a clean
air or nitrogen or an equivalent shall be used in lieu of the clean agent.

agent,

e) Th

nameplate, such as darkening, fogging, or blistering; nor shall there be any cracking q

the ed

29.3 Thete
Practice for

exposure is tp consist of a fog chamber, 1.2 by 0.8 by 0.9 m (48 by 30 by 36 iriches) inside

having a salt
salt fog, sa
dispersion to
with warmed,
solution in the
chamber is tg
cover of the
samples are

es.

t samples are to be supported vertically and exposed to salt spray (feg) using
perating Salt Spray (Fog) Testing Apparatus, ASTM B117. The apparatus used

olution reservoir, a supply of conditioned compressed air, a.dispersing tower fo
ple supports, provision for heating the chamber, and_ ‘required means of

chamber is not to drop onto the test samples; and drops of the solution that

ver is to be located in the center of the chamber and is,to-be supplied with salt
humidified air at a pressure between 117 and 131 kPa (17 and 19 psig), to disy
form of a fine mist or fog throughout the interior ofdhe chamber. The temperatlire within the
be maintained between 33.3° and 36.1°C (92° and 97°F). Condensate accumd

not to be recirculated and are to be removed through a drain located in thg

ixed metallic
br buckling at

the Standard
for salt-spray
dimensions,
 producing a
control. The
solution and
erse the salt

lation on the
fall from the
floor of the

thloride) and
d after being

chamber.

29.4 The salt solution is to consist of 20 percent (by weight) of common salt (sodium

distilled watef and the test duration is to be 240 h. The pH value of this solution as collecte

sprayed in th¢ test apparatus is to be between 6.5 and 7.2, and the specific gravity is to be bgtween 1.126
and 1.157 at $6.3°C (95.5°F).

30 500 Cycje Operation Test

30.1
malfunction o
pressure at 2

Exception: TH

A discharge valve, including actuation devices, shall operate as intended for 500 opers

r damage Eollowing this test, the component shall show no leakage at the nor
°C (70¢F).

is.test is not applicable to extinguishing system units of the fusible element type

tions without
nal operation

30.2 A selector and manifold check valve, including actuation devices, shall operate as intended for 500
operations without malfunction or damage. Following this test, the valve shall comply with the Valve

Leakage Test

, Section 25.

Exception: This test is not applicable to extinguishing system units of the fusible element type.

30.3 The manual actuator, cable actuator (when provided) fitted with the maximum length of cable and
maximum number of corner pulleys, and each electrical contact and relay (when provided) are to be
included in this test.

30.4 Each extinguishing system unit to be tested is to be connected to a source of pressurized gas and
fitted with a pressure-regulating device or other equivalent means and pressurized to the operating
pressure at 21°C (70°F). The valve is to be cycled from fully closed to fully open 500 times.
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30.5 After the cycling specified in 30.4, the discharge valve, including actuation devices, is to be
subjected to an air or nitrogen under water leakage test at the operating pressure at 21°C (70°F), and
there shall be no leakage from any component as evidenced by air or nitrogen bubbles. Sealing portions of
the component are to be cleaned before conducting this test. The inlet of the component is to be fitted with
a pressure regulating device or other equivalent means and pressurized to its operating pressure at 21°C
(70°F). The valve is then to be immersed in water and examined for leakage for 1 min.

30.6 After the cycling specified in 30.4, a selector valve is to be subjected to leakage testing to determine
compliance with the requirements of 30.2. The apparatus and test method used is to be as specified in

25.4 and 25.5.

31 Time Delay Verification Test

31.1 Time
within minus
time delay is
instructions.

31.2 Fiven
pressurized
after being ¢
fitted at the
introducing t
valve openin

31.3 Anad
one intermed

32 Pressu

32.1 A pres
alarm, shall §
kPa (100 ps
pressure. Du

32.2 An alg
distance of 3
conditions. T
installation ¢

Jelay valves tested in accordance with 31.2 and 31.3 shall delay the actuation of a system

0, plus 20 percent of the manufacturer's published delay time and temperaturg
to be tested at the operating temperature range specified in the manufacture

onadjustable time delay valves are to be connected to a source of extinguishi
o the operating pressure at 21°C (70°F). The time delay~assemblies are ther
bnditioned to both the minimum and maximum operating temperature. A shutoff
putlet of the container storing the extinguishing agent. The shutoff valve is t
ne extinguishing agent into the inlet of the timesdélay valve. The elapsed timg
h to time delay valve activation is to be recorded.

ustable time delay valve is to be tested at'the minimum and maximum delay s
iate setting. The valve is to be tested three times at each setting.

e-Operated Alarm Test

sure-operated alarm, suchas a pressure-operated siren, pressure-operated h

) and when operated, continuously for 1 h at 75 — 100 percent of its maxim
ring the test periad;\the alarm shall receive no lubrication or adjustment.

rm shall preduce a distinctive sound having an intensity of not less than 90
.05 m (104eet) from the alarm when operated under its minimum pressure ang
he alarm(s) are to be installed utilizing the maximum design limitations and the
bnditions specified in the manufacturer's installation manual.

range. Each
's installation

ng agent and

to be tested
valve is to be
D be opened,
b from shutoff

pttings and at

brn, or similar

show no evidence of breakage of any of its parts when operated continuously for 50 h at 689

um operating

decibels at a
| temperature
most severe

32.3 For pressure operated alarms that utilize clean agents, the flow rate shall be determined and
specified in the installation manual.

32.4 The measurement is to be made with a sound level meter that complies with the requirements of
the Specification for Sound-Level Meters, ANSI/ASI S1.4 and Amendment S1.4A (ASA47). The "C"
weighting network and fast response characteristics are to be used. The alarm is to be mounted in a
position of normal use and operated at any pressure within its operating range. A microphone is to be
located at a distance of 3.05 m (10 feet) from the alarm and positioned to receive the maximum sound
level produced by the device. The measurement is to be made in a free field condition in order to minimize
the effect of reflected sound energy. The ambient noise level is to be at least 10 decibels below the
measured level produced by the alarm.

32.5 Free field conditions are to be simulated by mounting the alarm not less than 3.05 m (10 feet) from
the ground and with the microphone located 10 feet from the alarm and conducting the test outdoors on a
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clear day with the wind velocity not more than 2.24 m/s (5 mph) and at ambient temperature of 5 — 25°C
(159 — 77°F). Alternatively, an anechoic chamber of not less than 28.3 m® (1000 ft*), with no dimension
less than 2.13 m (7 feet), and with an absorption factor of 0.99 or greater between 100 hertz and 10

kilohertz for a

Il surfaces, is also capable of being used for this measurement.

33 One-Year Time Leakage Test

33.1

An extinguishing system cylinder/valve assembly, including actuating components, shall not show

leakage greater than 0.25 percent of the minimum charge weight and signs of corrosion to components
caused by exposure to the clean agent under storage conditions.

tained at a

33.2 Repre
temperature
positions and
constant amb
the valve, pre
for signs of cq

Exception: Sy
be tested in t
are not requin

entative eamnlne of the r\hnrnnri nvhnnlllehlnn e\lefnm units_—arae to be mai
J

pf 22.2+3.9°C (72 +7°F) for 360 days. Samples are to be placed in horizonta
their pressures checked after 1, 3, 6, and 12 months. Any loss in pressure
ient temperature is an indication of leakage. At least one of the units is.to be dis
ssure gauge and other components exposed to the extinguishing agent are to
rrosion caused by exposure to the extinguishing agent.

stem units intended for transportation and storage in the vertical position are n
he horizontal. System units intended for transportation and,storage in the horiz
ed fo be tested in the vertical orientation.

34 Mounting Device Test
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extinguishing system units that do not have a maximum protected volu

hd B fire Extinguishment Tests and the Nozzle Distribution Verification Tests.
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be examined

bt required to

bntal position

tended to be
rtion, a static
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100 m?® specified in the instruction manual, the minimum extinguishing concentration shall be determined
from the Nozzle Distribution Verification Tests and shall be the same for Class A and B fire hazards.

35.1.1.1

shall extinguish either Class A or B, or both Class A and B test fires.

35.1.1.2 The discharge time shall be the maximum discharge time.

35.1.1.3 For Class A tests, all fires shall be:

When tested in accordance with 35.2 and 35.3, an engineered or pre-engineered system unit

a) Extinguished within 600 s + the maximum discharge time (e.g., 10 s) from the start of discharge;

and

b) Prevented from re-ignition after the 600 s soak period.
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35.1.1.4 For the Class B tests, all fires shall be extinguished within 30 s + the maximum discharge time
(e.g., 10 s) from the start of discharge.

35.1.1.5 Tests with each fuel or material are to be repeated three times.
35.1.2 Test enclosure

35.1.2.1 The test enclosure having a minimum volume of 100 m® (3531 ft%) is to be constructed of either
indoor or outdoor grade minimum 9.5 mm (3/8 inch) thick plywood or equivalent material and is to have a
minimum ceiling height of 3.5 m (11.5 ft) with each wall at least 4 m (13.1 ft) long. Openings are to be
provided at the top and bottom of the enclosure for venting prior to system discharge. Also, a pressure

e for visual

relief opening

observations
+2.8°C (70 =

35.1.3 Sys

35.1.3.1 Th
intended for
21°C (70°F).

35.1.3.2 Th

35.1.3.3 TH
and 76.92 p
specified in
(70°F) within

shall he prn\lirlnrl in—the fnp of the—enclosure—Provisions—are—to-be—m

of fire extinguishment outside the test enclosure. The test enclosure is to be.ma
H°F) prior to the ignition of the test fires.

em arrangement

e extinguishing system unit is to be assembled using a piping.arrangement an
use with the system that result in not greater than the minimum nozzle desig

e storage containers are to be conditioned to 21 £2.8°C (70 £5°F).

e agent extinguishing concentration for each*test is to be 83.34 percent (for
brcent (for Class B tests) of the intended~end use design concentration or ¢
he manufacturer's design and installation instructions at the ambient temper
the enclosure. The concentration within the enclosure for halocarbon clean ag

intained at 21

d the nozzles
N pressure at

Class A tests)
pncentrations
hture of 21°C
jents shall be

calculated uging the following formula:

W= [V/S] % [C/(100-C)]

Where:
W is the weight of cleah agent, kg (Ib),

V is the volume of test enclosure, m® (ft%),

S is the specific volume of clean agent at test temperature m/kg (ft* /Ib),

Cis ﬂ|76 coricentration, percent

35.2 Class A fire extinguishment tests

35.2.1 General

35.2.1.1 The Class A fire test materials are to consist of a wood crib and three polymeric materials.

35.2.2 Wood crib

35.2.2.1 The wood crib is to consist of four layers of six, trade size 2 by 2 (3.8 cm by 3.8 cm) (1-1/2 by 1-
1/2 inch) by 46 cm (18 inch) long, kiln spruce, or fir lumber having a moisture content between 9 and 13
percent. The alternate layers of the wood members are to be placed at right angles to one another. The
individual wood members in each layer are to be evenly spaced in forming a square determined by the
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specified length of the wood members. The wood members forming the outside edges of the crib are to be
stapled or nailed together.

35.2.2.2 Ignition of the crib is to be achieved by the burning of commercial grade heptane in a square
steel pan 0.23 m? (2-1/2 ft? ) in area and not less than 10 cm (4 inches) high. The crib is to be centered
with the bottom of the crib 30.5 cm (12 inches) above the top of the pan and the test stand constructed so
that the bottom of the crib is exposed to the atmosphere. The percent of oxygen is to be measured by a
calibrated analyzer at a location which is at the same height as the bottom of the wood crib and centered
from the edge of the crib to the wall. Two additional measurements are to be made at 0.1 H and 0.9 H, with
H being the height of the enclosure.

35223 Th enclosure or
equivalent prpvisions are to be provided to insure adequate ventilation. The heptane fire is_fo burn for at
least 3 min, with 1.5 liter (0.40 gallons) of heptane providing a 3 to 3-1/2 min burn time.,Lgss than 15 s
before the end of the total pre-burn period of 6 min, the crib is to be moved into the|test ehclosure and
placed on a stand such that the bottom of the crib is 60 — 70 cm (24 — 30 inches) above the flpor. The time
required to pgsition the burning crib within the test enclosure and the initiation 'of 'system digcharge shall
not exceed 15 s. Except for the pressure relief, the vents are to be closed-and the sysfem is to be
actuated. At the time of actuation, the percent oxygen within the enclosure at'the level of the crib shall be
within 0.5 unifs of the normal oxygen level at atmospheric conditions.

35.2.2.4 After the end of system discharge, observations shallbe made for crib extinguishment. The
enclosure is tp remain sealed for a total of 10 min. After the 10 min soak period, the crib is tq be removed
from the enclpsure, observed to determine whether fuel remaifs to sustain combustion and fgr signs of re-
ignition.
35.2.3 Polymeric materials
35.2.3.1 Eath polymeric fuel array is to consist of 4 sheets of the polymeric material, 9.5 mm (3/8 inch)
thick, 40 cm (16 inches) tall, 20 cm (8 inches)'wide. Sheets are to be spaced and located as|described in

Figure 35.1. The bottom of the fuel arrayis'to be located 20 cm (8 inches) from the floor. The fuel sheets
shall be mechanically fixed at the specified spacing.
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Figure 35.1
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a.610 mm (24”)
b. 254 mm (10”)
c. 381 mm (15”)
d. 851 mm (33.5")
e. 127 mm(5")
f. 76.m (3”)
g.683 mm (217)
h. 12.7 mm (0.5")
i. 31.8 mm (1.25%)
j- 12mm (0.5”)
k. 951 mm (37.5”)

1. N/A
m. 305 mm (12”)

n. 89 mm (3.5”)

1. Load Cell
2.203 mm x 406 mm x 9.53 mm (8” x 16 “ x 3/8”)

3. Channel Iron Frame Covered With Steel Sheet on Top and Two Sides

4. Aluminum or Steel Angel Frame

5. 3.2 mm (1/8”) All tread Rod Fuel Support

6. 51 mm square x 22 mm (2” square x 7/8” deep) (internal) nHeptane Ignitor Pan

7. Drip Tray

8. Cinder Block
9. Polycarbonate Baffles
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35.2.3.2 A fuel shield consisting of a metal frame with sheet steel on the top and two sides shall be
provided around the fuel array as indicated in Figure 35.1. The fuel shield is to be 38 cm (15 inches) wide,
85.1 cm (33.5 inches) high and 61 cm (24 inches) deep. The 61 cm (24 inch) wide by 85.1 cm (33.5 inch)
high sides and the 61 cm (24 inch) by 38 cm (15 inch) top are to be sheet steel. The remaining two sides
and the bottom are to be open.

35.2.3.3 The fuel array is to be oriented such that the 20 cm (8 inch) dimension of the fuel array is
parallel to the 61 cm (24 inch) side of the fuel shield.

35.2.3.4 Two external baffles measuring 1 m (40 inches) square and 30 cm (12 inches) tall are to be
located around the exterior of the fuel shield as shown in Figure 35.2. The baffles are to be placed 9 cm
(3.5 inches) abave the floor. The top baffle is to be rotated 45 degrees with respect to the bottom baffle.
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Figure 35.2
Fuel shield baffles
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35.2.3.5 The tests are to be conducted using three polymeric fuels: polymethyl methacrylate (PMMA);
polypropylene (PP); and acrylonitrile-butadiene-styrene polymer (ABS). The properties of the materials
shall be as described in Table 35.1.

Table 35.1
Polymeric fuel properties

25 kw/m? exposure in cone calorimeter —- ASTM E 1354

180 s average Effective
Density Ignition time Heat release rate Heat of combustion
Fuel Gol (glem®). (sec) Toleranee kW/m? Toleranee MJ/kg— | Tolerance
PMMA Black 1.19 77 +30% 286 +25% 23.3 £15%
Polypropy Natural 0.905 91 +30% 225 +25% 39.8 +15%
lene White)
ABS Natural 1.04 115 +30% 484 +25%, 29.1 +15%
Cream)
35.2.3.6 The ignition source is to be a square steel pan 5.1 cm (2 inchés) by 5.1 cm (2 inchgs) by 2.2 cm
(0.875 inch) deep centered 1.3 cm (0.5 inches) below the bottom of’the polymeric sheefs containing

heptane. The

35.2.3.7 Th
discharged 2
to remain sed

35.2.3.8 At
source is to b

35.239 Th
a) Oxy
b) Fug
352310 T
a) Tim

b) Tim

amount of heptane used is to provide at least 90 s of‘burning.

b heptane pan is to be ignited and is to burn\freely for 90 s. The agent i
0 s after ignition of the heptane and observations made for extinguishment. The
led for 10 min after the end of discharge.

the time of system discharge, the pegrecent oxygen within the enclosure at a lev
e within 0.5 units of the normal oxygen level at atmospheric conditions.

e following data is to be continuously recorded during the test:
gen concentration; and

I mass loss.
ne followingtevents shall be timed and recorded:
e of heptane ignition;

e obignition of plastic sheet;

5 then to be
enclosure is

el of the fuel

c) Tim
d) Tim

e) Tim

35.2.3.11

e of beginning of discharge of agent;
e of end of discharge of agent; and

e all visible flame is extinguished.

After the 600 s soak period, the enclosure is to be ventilated and the material examined for

signs of re-ignition. The weight loss for the polymeric samples shall not exceed 15.0 grams between 10 s
and 600 s after the end of discharge.
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35.3 Class
35.3.1 Gen

35.3.1.1

B fire extinguishment tests

eral

The Class B fire extinguishment tests shall be conducted using commercial grade heptane.

35.3.1.2 The tests are to be conducted using a 0.23 m? (2-1/2 ft?) square pan described in 35.3.1.3
located in the center of the room. The test pan is to contain at least 5 cm (2 inches) of heptane with the
heptane 5 cm (2 inches) or more below the top of the pan.

35.3.1.3 The pan is to be of steel not less than 6.4 mm (1/4 inch) thick, with liquid-tight welded joints and

provided wit
upper edge.

turned-out edige flush with the top edge of the pan. The top edge surface so formed is(o be

inch) in width
and tack-wel

2.0 {44120 . o 2.0 (4410 . o 4.Q VEs N EWaSH o) tloial 1 4+
O\J.UL&III\I < IIIUII, Uy \).Ublll\l L= IIIbII}Uy“I‘.UIIIIII\sJIIUIIIl/II} LIIILI[\GIIHIU [Lv

The reinforcing angle is to be continuous around the perimeter of the panyan

. The reinforcing angle is to be continuously welded to the outside of thelpan a
Hed at the edge of the lower leg of the angle.

reinforce the
H is to form a
44 mm (1-3/4
the top edge

35.3.1.4 THhe top of the pan is to be located 66 — 76 cm (26 — 30 inches).above the floor. The percent of
oxygen is to pe measured by a calibrated analyzer at a location which is equivalent to the height of the test
pan. Two additional measurements are to be made at 0.1 H and 0.5°H, with H being the|height of the
enclosure.
35.3.2 Description of test fuel
35.3.2.1 THe heptane is to be commercial grade having’the following characteristics descfibed in Table
35.2.
Table 35.2
Heptane characteristics

Distillation

Initial boiling p@int, minimum 88°C (190°F)

Dry point, max]jmum 100°C (212°F)

Specific gravity (60°F/60°F) (15.6°C/15.6°C) 0.67-0.73
35.3.3 Test procedure
35.3.3.1 Fdreach test, the heptane is to be ignited and is to burn freely for 30 s. Just prior o discharging

agent into the enclosure, the vents, except for the pressure relief, are to be quickly closed and the
extinguishing system is to be manually operated. At the time of actuation, the percent of oxygen measured
in the enclosure at the pan level is to be within 0.5 units of the normal oxygen level of at atmospheric
conditions. Observations are to be made for the time of fire extinguishment.

36 Nozzle Distribution Verification Tests
36.1 General
36.1.1.0 For extinguishing system units that do not have a maximum protected volume limitation

specified in the instruction manual, the minimum extinguishing concentrations shall be determined from
the Class A and B Fire Extinguishment Tests and the Nozzle Distribution Verification Tests.
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36.1.1.0.1 For extinguishing system units that have a maximum protected volume limitation less than
100 m? specified in the instruction manual, the minimum extinguishing concentration shall be determined
from the Nozzle Distribution Verification Tests and shall be the same for Class A and B fire hazards.

36.1.1 An engineered or pre-engineered extinguishing system unit shall mix and distribute its
extinguishing agent and shall totally flood an enclosure when tested in accordance with the requirements
of 36.1.2 — 36.5.1 under the maximum design limitations and most severe installation instructions.

36.1.2 When tested as described in 36.1.3 — 36.5.1, an extinguishing system unit shall extinguish all fires
within 30 s after the end of system discharge.

Excepﬁon: For avﬁngl liohing oyofnmo where the nlior\h:arga time-exceeds-30-s-at the-minimum Operaﬁng
temperature, Rl fires shall be extinguished within 60 s from the start of system discharge

36.1.3 The [tests described in 36.1.4 — 36.5.1 evaluate the intended use andVlimitdtions of the
extinguishing|system unit with specific reference to:

a) Type of nozzles;

b) Thg area coverage of each nozzle;

¢) Thg minimum operating temperature of the system;
d) Loaation of nozzles in the protected area;

e) For pre-engineered systems the maximum length and size of piping and numbei of fittings to
each nozzle;

f) For|engineered systems, 90 percent of.he minimum design nozzle pressure spgcified in the
design manual,

g) Fill fensity producing lowest nozzle pressure; and

h) Maximum discharge time (10 s).

36.1.4 As ap alternate to theluse of the heptane steel test cans specified in 36.4.1, agent ¢oncentration
is capable of [being measured-with concentration metering devices at the locations specified for the steel
test cans. The concentration shall be measured at each location and shall be at leagt the agent
concentration referenced in 36.3.4 within the time limitation specified in 36.1.2.

36.2 Test epclosure

36.2.1 The test enclosures are to be constructed of either indoor or outdoor grade minimum 9.5 mm (3/8
inch) thick plywood or equivalent material. Provisions are to be made for visual observations of fire
extinguishment outside the test enclosure. The test enclosures are to be maintained at 21 +2.8°C (70
+5°F) prior to the ignition of the test cans and pan.

36.2.2 An enclosure(s) is to be constructed having:
a) The maximum area coverage and minimum height limitation; and

b) The maximum height limitation and maximum volume limitation (as applicable).

Exception: Although the test enclosure(s) representing the maximum height limitation are not required to
have the maximum coverage area, for extinguishing system units that do not have a maximum protected


https://ulnorm.com/api/?name=UL 2166 2021.pdf

DECEMBER 8, 2021 ANSI/CAN/UL/ULC 2166 43

volume limitation specified in the instruction manual, they are to be at least 4 m (13.1 ft) wide by 4 m
(13.1 ft) long and 100 m® (3531 ft%) in volume.

36.3 System arrangement

36.3.1 A pre-engineered type extinguishing system unit is to be assembled using its maximum piping
limitations with respect to number of fittings and length of pipe to the discharge nozzles and nozzle
configuration(s) as specified in the manufacturer's design and installation instructions.

36.3.2 An engineered type extinguishing system unit is to be assembled using a piping arrangement and
the intended nozzles that result in 90 percent of the minimum nozzle design pressure at 21°C (70°F) or at

a lower desig

36.3.3 The
manufacture

36.3.4 The
design conce
ambient tem
halocarbon g

Where:
Wis §

Vis tf

S is the specific volume of clean agent-at test temperature m%/kg (ft/b),

C is the concentration, volume percent

36.4 Minim

36.4.1 Stesd

ntemneraturewhen snaecified by the manufacturer
1 | B4 T

cylinders are to be conditioned to the minimum operating temperature, 'Sp
['s installation instructions.

agent extinguishing concentration for each test is to be 76.92 percent of the inte
ntration for heptane specified in the manufacturer's design and installation instr
perature of 21°C (70°F) within the enclosure. The concentration within the
ean agents is to be calculated using the following formula;

= [V/S] x [C/(100-C)]

he weight of clean agent, kg (Ib),

e volume of test enclosure, m® (ft),

um room height/nozzle area coverage test arrangement

| test cans, having a maximum nominal thickness of 5.5 mm (0.216 inches)

pipe), 7.6 —
heptane or
enclosure(s)
or bottom o
contain hept

8.9 cm (30.~3.5 inches) in diameter and at least 102 mm (4 inches) high, cor

eptane and water, are to be placed within 5 cm (2 inches) of the cornef
and 5:cm (2 inches) behind a baffle, and located vertically within 30 cm (12 inch
the enclosure or both top and bottom when such placement is p033|ble W

bcified in the

nded end use
uctions at the
enclosure for

Schedule 40
taining either
s of the test
es) of the top
hen the cans

\eptane in the

cans shall be at Ieast 5 cm (2 inches) below the top of the can. Closeable openlngs shall be provided
either directly above or to the side the cans for venting prior to system actuation. A baffle is to be installed
between the floor and ceiling at the midpoint between the direction of discharge and a wall. The baffle is to
be perpendicular to the direction of nozzle discharge, and be 20 percent of the length or width of the
enclosure, whichever is applicable with respect to nozzle location.

36.5 Maximum room height test arrangement

36.5.1 Test cans containing heptane as described in 36.4.1 are to be placed within 5 cm (2 inches) of the
test enclosure and located within 30 cm (12 inches) of each of the top and bottom of the enclosure. A
baffle is to be installed between the floor and ceiling at the midpoint between the direction of discharge and
a wall. The baffle is to be perpendicular to the direction of nozzle discharge, and be 20 percent of the
length or width of the enclosure, whichever is applicable with respect to nozzle location. Two additional
cans are to be located within 5 cm (2 inches) behind the baffle within 30 cm (12 inches) of the bottom and
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at the vertical midpoint of the baffle. Closeable openings are to be provided in the top and bottom of the
enclosure for venting during the pre-burn period. An additional test without the baffle is to be conducted
separately using the 0.23 m? (2-1/2 ft?) square steel pan and the test methodology described in the
Class B Fire Extinguishment Tests in 35.3.

Exception: For extinguishing system units that have a maximum protected volume limitation less than
100 m*® specified in the instruction manual, the Nozzle Distribution Verification Tests with the pan, the pan
is permitted to be of a smaller surface area than specified provided the pan area is a minimum of 1.45
percent of the enclosure’s footprint area and the percent oxygen within the enclosure is within 0.5 units of
normal oxygen level at atmospheric conditions at the time of the start of discharge when measured by a
calibrated analyzer at a location equivalent to the height of the test pan and half the distance to a wall.

37 Automatic Extinguisher Unit Fire Tests
37.1 Generfl

37.1.1  An automatic extinguisher unit shall mix and distribute its extinguishing agent and shall totally
flood an endosure when tested in accordance with the requirements of 37.1.2 — 37.4]2 under the
maximum degign limitations and most severe installation instructions.

37.1.2 Whep tested as described in 37.3 an automatic extinguisher unit shall extinguish dll fires within
30 s after the]end of system discharge. When tested as describediin 37.4, an automatic extihguisher unit
shall respond|to and extinguish the pan fire within 1 min after test fuel ignition.

37.1.3 The {ests described in 37.2 — 37.4.2 evaluate thelintended use and limitations of the extinguishing
system unit including:

a) Thg area coverage;
b) Thg minimum operating temperature;
¢) Locgtion of unit in the protected volume; and

d) Maximum protected enclosure volume.
The agent ex{inguishing cancentration for each test is to be as specified in 35.1.3.3.

37.2 Test enclosures

37.2.1 The fest enclosures are to be constructed of elther |ndoor or outdoor grade minimuni 9.5 mm (3/8
inch) thick phyw i i ration of fire
extinguishment outside the enclosure The test enclosures are to be malntalned at 21 +2 8°C (70 £5°F)
prior to the ignition of the test cans and pan.

37.2.2 The enclosures for the tests described in 37.3 and 37.4 are to be constructed representing the
automatic extinguisher:

a) Maximum area coverage and minimum height limitation for the automatic extinguisher unit being
tested; and

b) Maximum height limitation.

Each enclosure is to have the maximum volume intended for use with this unit.
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37.3 Nozzle distribution extinguishment test
37.3.1 Test arrangement

37.3.1.1 The automatic extinguisher units are to be conditioned to the minimum operating temperature
specified in the manufacturer's installation instructions.

37.3.1.2 Steel test cans as described in 36.4.1, containing either heptane or heptane and water, are to
be placed within 5 cm (2 inches) of the corners of the test enclosure(s) and directly behind the baffle (see
below), and located vertically within 30.5 cm (12 inches) of the top or bottom of the enclosure, or both top
and bottom when such placement is possible. When the cans contain heptane and water, the heptane is to

be at least 5

the top of the
venting prior
the enclosur
the length or

37.3.2 Test
37.3.21

the vents in
of actuation

Fg

37.4 Auton
37.41 Test

37411 Th
containing hg
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I

cm (’) ihr\hne) Hnnp_ The lavel of hnpfgnn n-the cans shallhae at least 5 cm (’)

can. Closeable openings shall be provided either directly above or to the side.d
to system actuation. A baffle is to be installed between the floor and ceiling’in
2. The baffle is to be perpendicular to the direction of nozzle discharge, ‘and be
width of the enclosure, whichever is applicable with respect to extinguisher unit

procedure

r the test described in 37.3.1, the heptane is to be ignitedyand is to burn freely
e enclosure open. The unit is then to be manually opefated and observations
d fire extinguishment.

hatic operation extinguishment tests
arrangement

ese tests are to be conducted with each enclosure using a 0.23 m? (2-1/2 ft]
ptane as described in 35.3.1.3'and located:

he center of the enclosuresand

b) Wi

37.4.1.2 THhe test enclosure js to be provided with two square openings each having an ar
(1 ft?) to projide an oxygen.source for the fire. One opening is to be located next to the 0.23

square pan

across from the firewith the top of the opening within 5 cm (2 inches) of the ceiling.

37.4.2 Tesiprocedure

hin 5 cm (2 inches) of a corner which is the most remote from the automatic exti

hen the‘pan is located in the corner. The other opening is to be located on

nches) below
f the cans for
the center of
20 percent of
ocation.

for 30 s with
made for time

) square pan

hguisher unit.

ea of 0.09 m?
m? (2-1/2 ft?)
h wall directly

37.4.21

For the tests described in 37.4, the heptane is to be ignited and allowed to burn freely with the

vents open. The unit is to be allowed to operate automatically and observations made for time of unit
operation and fire extinguishment.

38 Verifica

38.1

tion of Flow Calculation Method Test

An engineered clean agent extinguishing system unit shall be tested as specified in 38.2 — 38.4 to

determine that the manufacturer's calculation method accurately predicts the discharge time, nozzle
pressure, and distribution of the extinguishing agent. When the manufacturer's calculation method is
capable of predicting the discharge time, nozzle pressure, and distribution of the extinguishing agent at
temperatures of other than 21°C (70°F), verification tests are to be conducted throughout the temperature
range specified for the manufacturer's calculation method.
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38.2 Enclosures of varying volumes are to be constructed so to test the limitations of the calculation
method. Other test methods shall be considered and accepted when determined to achieve equivalent
results. A minimum of five different three and four nozzle piping arrangements are to be installed, using the
type of pipe specified in the Installation and Design Manual, and tested to determine the accuracy of the
calculation method. The following factors regarding the calculation method limitations and design
considerations specified in the manufacturers installation and design manual are to be included in
establishing the piping arrangements:

a) The percentage of agent in the piping is to be as large as possible for the piping arrangement
and at least one test is to be conducted using the piping arrangement for which the greatest
percentage of agent is present in the piping;

b) Mir.lllulll d;otal 1T fIUIII thc VG:VU d;ouhalyc uut:ct tU thc f;lat tcc,

¢) Minjmum and maximum discharge time;

d) Minjmum and maximum container fill density;

€) Minimum and maximum pipeline flow rates;

f) Varignce of piping volume to each nozzle;

g) Maximum variance in nozzle pressures within a piping arrangement;

h) Maximum and minimum orifice area of nozzle relative to inlet pipe area;

i) Arrangement expected to exhibit an agent time-imbalance condition at the nozzle |(for example

the maximum variance in agent arrival time and.discharge time between nozzles);

j) All types of tee splits (for example, side-through tees, bullhead tees) which include critical

lengths;

k) Minjmum and maximum flow splitifor each type of tee split;

1) Type of pipe and pipe schedules; type of fittings; and

m) Elgvation changes.
38.3 The cylinder is to_be-filled to the intended weight and the pressure is to become stable. The
pressure confainer, piping, and enclosure are to be maintained at a temperature of 21°C|(70°F) when
possible. When not, possible to maintain these items at a temperature of 21°C (70°F), the|test is to be
conducted at|a temperature other than 21°C (70°F), with appropriate temperature correction|calculations,
when agreedbleyto all concerned. The extinguishing system unit is then to be discharged. During
discharge, pressure mMeasurements are to be taken at the cylinder and nozzie(s), utitizing a calibrated

pressure transducer or equivalent pressure measuring device attached to a recorder. The discharge time
is to be measured by a stopwatch and verified by pressure chart recorders. Other test arrangements shall
be considered and accepted when determined to achieve equivalent results. Approximately one min after
the completion of discharge, concentration measurements are to be taken in each enclosure with a
calibrated concentration metering device and the weight of the discharged clean agent is to be calculated.

38.4 The measured discharge time, nozzle pressure (as defined by the manufacturer's calculation
method), and calculated clean agent weight shall not deviate from the predicted values by more than the
following:

a) Discharge time: £1.0 s;

b) Nozzle pressure: £10 percent; and
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c) Weight of clean agent discharged: £10 percent, and the standard deviation of the percentage
differences between the measured and predicted agent quantities, relative to zero, shall not be
greater than 5.

39 Equivalent Length Determination

39.1 An engineered type extinguishing system unit— including the discharge valve, siphon tube
assembly, and components that are intended to be installed in the system discharge piping (except
nozzles) — is to be tested as specified in 39.2 and 39.3 to determine the equivalent length of the attached
pipe. The equivalent length determinations resulting from the test specified in 39.2 and 39.3 shall be

included in the design manual. See Section 5, Design Manual.

39.2 Piezmlneters are to be installed on each end of the device and connected to a différd

manometer ¢
a set of calilf
arrangement

39.3 At lea
drop betwee
from the line
subtracted fr|
of the devics
calculated.

40 High Pr

40.1 An ex
selector valy
withstand wi

the discharge test specified in 40.2.

40.2 Thee

a) Su
at the

b) Su
manxiri

c) No

r equivalent measuring device. The flow of water through the device is tobeun

s shall be considered and accepted when determined to achieve equivalent resu

st four flow velocities greater than 3.0 m/s (10 ft/s) are to be _established and
 piezometers recorded for each velocity. The test is to be repeated with the dev
and the piezometers coupled together, and the pressure-drop values so obtai
bm the pressure drop values obtained with the devices.n the line to obtain the

. Using a Hazen-Williams coefficient of C=130, the,equivalent length in feet of

pssure Discharge Test

tinguishing system unit, including its~discharge valve, brackets, manifold (¢
es, other components in contact.with clean agent discharge, and discharge
hout permanent distortion, rupture, or other malfunction that renders the deviq

tinguishing system unit isto be filled with extinguishing agent and either:

per-pressurized with nitrogen to a pressure corresponding to the pressure of th
maximum storagetemperature;

per-pressuyrized with nitrogen to the operating pressure at 21°C (70°F) and con
num starage temperature for a minimum of 16 h; or

N-super-pressurized and conditioned at its maximum storage temperature for 16

ntial mercury
sured using

a
rated nozzles, or equivalent, connected to a single column mercury manomeLr. Other test

Its.

the pressure
ices removed
ned are to be
bressure drop
pipe is to be

heck valves,
piping, shall
e inoperable,

e system unit

ditioned at its

h.

The extinguishing system unit is to be connected to the minimum amount of piping and largest nozzle flow
rate intended for the system. The extinguishing system unit is then to be installed and discharged. After
discharge, the extinguishing system unit is to be visually examined for distortion or damage. This test is to
be repeated for all possible extinguishing system unit operating positions.

41 Flexible Hose Low Temperature Test

41.1 A flexible hose assembly shall show no cracking or other damage when conditioned at the minimum
storage temperature for 24 h and then bent to the minimum bending radius specified by the manufacturer.

41.2 The hose assembly is to be conditioned at its minimum storage temperature for 24 h. The length of
complete hose is then to be bent to the minimum bending radius specified by the manufacturer within a
time period of 8 to 12 s, while still in the cold chamber. Gloves are to be worn while handling the sample to
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minimize heat transfer to the sample. The hose sample is to be examined for evidence of cracking or other
damage in the tube, cover, or reinforcement, and then subjected to a hydrostatic pressure test as specified
in 26.1.

42 Operation Test of Manual Actuators and Manual Pull Stations

42.1 A manual actuator or manual pull station shall not require a pull or push of more than 178 N (40
pounds-force) nor a movement greater than 366 mm (14 inches) to release the extinguishing agent.

42.2 A manual pull station is to be fitted with the maximum length of cable and maximum number of
corner pulleys.

42.3 A man
the system ur

Lal actuator that operates against the internal pressure of a system unit is o be tested with

it pressurized to simulate maximum operating pressure.

424 Follow
compliance W

ng installation, the manual pull station or manual actuator is to be“operated fo determine

ith 42.1.
43 Pneumatic Operation Test

43.1 A valv
pneumatic m

or other component intended to be pneumatically~operated by a master valve or other
ans shall operate as intended after being tested<as“specified in 43.2. A primary means of

a)
-
=)
C

actuation tha
cylinder/valvg
assembly ang

43.2 A mas
(70°F) and th
of valves or g
by the maste
that correspg
discharged.

44 Pressurg Relief Tests

44.1 The fra
44.2 and 44.
specified in 4

is intended to discharge multiple cylinder valve~assemblies shall operate all t
assemblies within a 1-s maximum time interval-between operation of the first g
the last cylinder/valve assembly.

fer valve and cylinder are to be filled;and pressurized to their operating pres
en conditioned at their minimum storage temperature for at least 16 h. The maxi
ther devices and the maximum<amount and size of tubing or piping intended tg
" valve are then to be installed-and pressurized to the operating pressure (whe
nds to the pressure at-the maximum operating temperature. The system t

ngible dis¢of an extinguishing system unit shall comply with the requirement
B. A pressure-relief device other than a frangible disc shall comply with the
.3,

£ ON £

44.2 Each C

e connected
ylinder/valve

sure at 21°C
mum number
be operated
n applicable)
hen is to be

5 specified in
requirements

N ~H £ [N b ol + ‘oot o H =i + +
Iv ITdityivit uioLo dit U VT SoUUVJTLULITU U A PYTTOOUTT UIdU 1o TTUITdotUu dt a 1at

e of 2.1 MPa

(300 psig) per min to a value of 85 percent of the rated bursting pressure, maintained at that pressure for
at least 30 s, and then increased at a rate of no greater than 689 kPa (100 psig) per min until the disc
breaks. The mean bursting pressure of the discs plus two standard deviations shall not exceed the proof
test pressure of the cylinder. See 26.2.

44.3 A pressure relief device shall prevent a cylinder and valve assembly from exploding when subjected
to the fire exposure test specified in the Procedures for Testing of DOT Cylinder Pressure Relief Device
System, CGA C-14. Three cylinder and valve assemblies, charged to their maximum intended operating
pressure at 21°C (70°F), are to be tested.

Exception: The fire exposure test is not required to be conducted when the pressure relief device is
constructed and sized to comply with the flow capacity requirements as specified by the formulae in the
Pressure Relief Device Standards Part 1 — Cylinder for Compressed Gases, CGA S-1.1.
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45 Calibration Test — Gauges and Indicators

45.1 The error of a pressure gauge at the indicated charging pressure shall not exceed 14 percent of the
charging pressure. At the upper and lower limits of the operable range, the error shall not exceed 18
percent of the charging pressure. At the intermediate markings, the error shall not exceed +6 percent of
the charging pressure. At the zero pressure mark, the error shall not exceed plus 12, minus 0 percent of
the charging pressure. At the maximum indicated pressure, the error shall not exceed £15 percent of the
charging pressure.

45.2 The pressure gauge or indicator is to be installed on a deadweight gauge tester, or on a piping
apparatus having a master gauge with an accuracy of not less than 0.25 percent. The pressurizing

medium shal

be either oil, water, nitrogen, or air, with all tests on a gauge being conducted u

ing the same

medium. The
the gauge is

pressure is to be applied to the gauge under test in uniform increments until the
reached. The pressure then is to be reduced in the same increments until ithe

reached. The applied pressure, the gauge or indicator reading, and net error are to beTeco

increment in
46 BurstS

46.1 A preq
the indicated
bursts atap
thrown.

46.2 Thes
excluded fro

both the increasing and decreasing pressure conditions. Fifteen gaugeSare to b

trength Test — Gauges and Indicators

operating pressure. In addition, when the Bourdonitube or pressure-retain
essure less than eight times the indicated operating pressure, no parts of the d

mple gauge or indicator is to be attached ta’a hydraulic pressure pump after al
the test system. The sample is to be placed in a test cage and the pressure ap|

of 2.1 MPa/min (300 psig per minute) until the required test pressure is reached. The pres
held at this point for 1 min and then increased:-until rupture occurs or a pressure of ei

indicated op

rating pressure is reached, whichever occurs first. Five gauges are to be tested

47 Overpréssure Test — Gauges

471 The d
subjected for
the indicated

47.2 Thes
then is to be
The gauges
Indicators.

fference in readings\of’indicated operating pressure before and after a presg
3 h to a pressure 0f110 percent of the indicated gauge capacity shall not excee
charge pressure:

bmple pressure gauge is to be subjected to the required test pressure for 3 h.
released-and the gauges are to stand at zero pressure for 1 h. Five gauges ars
hen are to be subjected to a calibration test. See Section 45, Calibration Test -

upper limit of
zero point is
rded for each
e tested.

sure gauge or an indicator shall withstand, for 1 min without rupture, a pressure of six times

ng assembly
bvice shall be

air has been
plied at a rate
ssure is to be
ght times the

ure gauge is
d 4 percent of

The pressure
to be tested.
- Gauges and

48

Impulse Test— Gauges

48.1 The difference in readings of indicated charge pressure before and after a pressure gauge is
subjected to 1000 cycles of pressure impulse shall not exceed 4 percent of the indicated charging
pressure.

48.2 The sample pressure gauge is to be attached to a regulated source of pressure, either air, nitrogen,
or water. The pressure then is to be varied at a rate of 6 cycles per min from minimum operating pressure
of the extinguishing system unit to the maximum operating pressure of the extinguishing system unit
indicated operating pressure. The time for each complete increase/decrease pressure excursion is to be
not more than 10 s. Five gauges are to be tested. The samples then are to be subjected to a calibration
test. See Section 45, Calibration Test — Gauges and Indicators.


https://ulnorm.com/api/?name=UL 2166 2021.pdf

50 ANSI/CAN/UL/ULC 2166 DECEMBER 8, 2021

49 Pressure Gauge Relief Test

49.1 The pressure relief of a gauge (see 13A.3) shall function at a pressure of 345 kPa (50 psig) or less
within 24 h. The minimum flow capacity of the pressure relief at 345 kPa (50 psig) shall be not less than
1 liter per h (0.25 gal/h) measured at 21°C (70°F).

49.2 This test is to be conducted with the Bourdon Tube cut completely through. The gauge is to be
immersed under water with the gauge inlet connected to a regulated source of air or nitrogen. The supply
pressure is to be maintained at 345 kPa (50 psig) until the pressure relief functions, or for 24 h, whichever
is shorter. The flow rate is to be measured with an inverted water column or other equivalent means.
Twelve gauges are to be tested.

50 Water RLsistance Test — Gauges and Indicators
50.1 A mechanical gauge or indicator or an electronic gauge or parts intended to be produg¢tion leakage
tested by watpr submergence shall remain watertight after being immersed in 0.30:m-(1 foot) pf water for 2
h. Two gauges are to be tested.

50A Primany Battery Tests — Electronic Gauges

50A.1
noted.

For glectronic pressure gauges, the primary battery shall~=comply with the following sections as

Primary Battery Tests UL 864: 87, 55.4 ULC-S527:4.3.2; 10.24; 4{20.10

50B Electronic Hardware Tests — Electronic Gauges

50B.1 For glectronic pressure gauges intended for indoor use, the electronic hardware shall comply with
the following $ections as noted and markedindoor use only” or equivalent.

Current and vol

age input

UL-864: 63.1, 63.2, 63.3.1

ULC-S527:10.4.1,10.4.2.

Variable voltags

UL 864:65.1 —65.8

ULC-S8527:10.6.1 - 10.6.9

Polarity revers3

UL 864, 90.1 —90.2

ULC-S527:10.31.11.5

connections

Variable ambient for indoor use dry. UL 864:71 ULC-S527:10.10.1 - 10.10.4, 8.17
locations

Humidity for indoor use dry locations UL 864: 71 ULC-S527:10.10.1 —10.14.4, 8.17
Component Terhperature UL 864:68.1 —68.14, 68.17 ULC-S527:10.7.1 - 10.7.14, 10.7.17
Strain Relief onffield)wiring/connectors UL 864: 88 ULC-S527:10.19

Charging current and standby tests for UL 864: 69 ULC-S527:10.59

rechargeable batteries with only 24 hour

discharge

Special terminal assemblies UL 864: 82 ULC-S527:10.18

Transients, when external wired UL 864: 77 ULC-S527:10.14

Electro static discharge

ULC-S527: 10.15

Radio Frequency Interference

ULC-S527: 10.16

Evaluation of conformal coating

ULC-8527:10.17
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50B.2 Electronic pressure gauges intended for outdoor wet location use shall additionally meet the
specific requirements of UL 864, Sections 71 and 92 and/or ULC-S527, Sections 10.10.1 through 10.10.5,
as applicable; and not be marked “indoor use only” or equivalent.

51

51.1

Liquid Level Indicators

A liquid level indicator shall indicate the amount of extinguishing agent in the storage container

within £2.5 percent of the actual weight stored in the container when tested as specified in 51.2.

51.2 Sample extinguishing system units, utilizing pressure vessels of each diameter and of the longest
length, are to be filled W|th the minimum and maximum fill density. The extmgmshlng system units are to

be conditioned

rated storags
the weight i
calculated is
percent of th

temperature for 24 hours FoIIowmg each cond|t|on|ng the I|qU|d Ievel |s to be I
the container calculated based on the charts provided by the manufacture
then to be compared to the actual weight stored in the container, to verify that it
b actual weight.

52 Aging Tests— Plastic Materials

52.1 Air-oV

52.1.1
or bracket,
bracket, or
Hydrostatic
Section 40
components

The

52.1.2 Follg
siphon tube,

en aging test

e shall be no cracking of a plastic valve, valve part,part subjected to the flow o

dfter air-oven aging for 180 days at 100°C (212%F). Aged samples of the valv

ontainer shall perform as intended when tested as specified in 26.6 (valve
Pressure Test, Section 26 (containers); 34:1 (brackets); High Pressure Dis
nozzles); or the Burst Strength — Gauges and Indicators, Section 46 (press
.See 52.1.4-52.3.1.

wing air-oven aging for 90 days)at 100°C (212°F), there shall be no crackin
and aged samples of the sipbhon tube shall perform as intended. Ring sample

aged tube shall not exhibit a degradation’in excess of 40 percent of the original tensile or

strength valu

52.1.3 Whsg
without exce
longer perio
temperature
air-oven agin

eS.

n a plastic material*is unable to withstand the temperature specified in 52.1

the maximum
neasured and
. The weight
is within +2.5

f clean agent,
e, valve part,
s and parts);
charge Test,
urized gauge

g of a plastic
5 cut from the
ring crushing

1 and 52.1.2

5sive softeningidistortion, or deterioration, an air-oven aging test at a lower tem
| of time isypermitted to be used. When a plastic material is able to withst
than specified in 52.1.1 and 52.1.2 without excessive softening, distortion, or de

g test at-a higher temperature for a shorter period of time is permitted to be used.

perature for a
and a higher
erioration, an

For 5.1,

= 146040 - 067 T
For 52.1.2,

t= 60930 - 0921
Where:

t = Aging duration in days; t = 25 days

T = Aging temperature in °C; T 2 87°C
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52.1.4 When plastic parts are attached to other parts or assemblies, the securement of the parts shall
not be impaired after air-oven aging.

52.1.5 To determine the degradation of a plastic material used in a siphon tube, ring samples 12.7 mm
(1/2 inch) wide are to be cut from the tube and subjected to air-oven aging. See 52.1.6. The ring samples
then are to be subjected to a crush test between parallel flat plates using a machine that applies a
compression load at a uniform rate of 5 mm (0.2 inch) per min and records the load applied as a function
of the deflection. The test also is to be conducted on unaged parts of identical size for comparative
purposes. When the nature of the material is such that meaningful test results are unobtainable, other

tests, such as a tension test, are to be conducted.

52.1.6 The

lastic valve parts and plastic siphon tube samples to be aged are to be supp

rted in a full-

draft, circulati
to touch one

hg-air oven that has been preheated at full draft to 100 £1.0°C (212 £1.8°F). Sa
nother or the sides of the oven. The samples of the plastic valve parts and|sip

to be aged for 180 and 90 days, respectively, at full draft and then cooled in air at 23.0

+3.6°F) for at
term "full draf

least 24 h before conducting any test or dimensional measurement-AS used in
" refers to the oven used with inlet and outlet vents open and the airvent dampe

setting that prlovides 250 to 360 air changes per h.

52.2 Exposure to extinguishing agent test

52.2.1
extinguishing
extinguishing
the halocarbd
of 40 percent

52.2.2 Com
tubes, are to
place, is to b
exposure, the
any tests or
between two
5 mm (0.2 in
material is su

Plasiic siphon tubes that have been immersed for 90,days at 55°C (130°F) in thg

agent in which they are to be used shall perform as intended when ins
system units. Ring samples cut from the tube @nd immersed for 90 days at 48.9
n extinguishing agent with which they are tasbe used shall not exhibit degradat
of the original tensile or ring crushing strength values.

blete siphon tubes and ring samples;~12.7 mm (1/2 inch) wide and cut from ur
pe placed in a container filled with-the extinguishing agent. The container, with th
e capped and placed in a preheated oven at 48.9°C (120°F) for 90 days. 4
samples are to cool in airat’'23.0 £2.0°C (73.4+3.6°F) for at least 24 h befor
dimensional measurements. The ring samples then are to be subjected to
barallel flat plates on.a testing machine that applies a compressive load at the u
ch) per min and records the load as a function of the deflection. When the
ch that meaningful-test results are unobtainable, other tests, such as tensile te

nples are not
hon tube are
+2.0°C (73.4
this test, the
r control at a

b halocarbon
alled in test
"C (120°F) in
on in excess

aged siphon
e samples in
\fter the test
e conducting
a crush test
hiform rate of
hature of the
5ts, are to be

conducted.
52.3 Light and watertest

52.3.1 Thergsshall be no cracking of materials used for a plastic valve, exposed valve paft, or bracket
after exposure to Tight and water for 720 h. Samples of the valve or valve part or bracket so exposed shall
perform as intended when tested as specified in Hydrostatic Pressure Test, Section 26.6 (valves and
parts); Mounting Device Test, Section 34 (brackets); High Pressure Discharge Test, Section 40 (nozzles);
or the Burst Strength Tests — Gauges and Indicators, Section 46 (gauges). Gauges or indicators that
undergo this test, shall remain watertight.

52.3.2 The ultraviolet light is to be obtained from two stationary enclosed carbon-arc lamps. The arc of
each lamp is to be formed between two vertical carbon electrodes, 12.7 mm (1/2 in) in diameter, located at
the center of a revolvable vertical metal cylinder, 787 mm (31 in) in diameter and 450 mm (17-3/4 in) in
height. Each arc is to be enclosed with a No. 9200-PX clear Pyrex glass globe. The samples are to be
mounted vertically on the inside of the revolvable cylinder, facing the lamps, and the cylinder continuously
revolved around the stationary lamps at one revolution per min. A system of nozzles is to be provided so
that each sample, in turn, is sprayed with water as the cylinder revolves. During each operating cycle (total
of 20 min) each sample is to be exposed to the light and water spray for 3 min and to the light only for 17
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min. The air temperature within the revolving cylinder of the apparatus during operation is to be 63 £5°C
(145 £9°F).

52.3.3 An alternate ultraviolet light exposure is obtainable in accordance with ASTM D2565, Standard
Practice for Operating Xenon Arc-Type (Water-Cooled) Light-Exposure Apparatus With and Without Water
for Exposure of Plastics. The source of radiation is to be a 6500 Watt, water-cooled xenon-arc lamp with
borosilicate inner and outer optical filters. The wattage to the lamp is automatically controlled to provide
spectral irradiance of 0.35 W/m? at 340 nm. The samples are mounted vertically on the inside of a 97 cm
(38 in) diameter cylinder, facing the arc, and the cylinder is rotated about the arc at one revolution per
minute. During each operating cycle of 120 minutes, each sample is exposed to light for 102 min and to
light and water spray for 18 min. The black-panel temperature during the dry portion of the light-on cycle is
regulated to 63 +5°C (145 +9°F).

52.3.4 The|specimens are then to be conditioned for 24 h in air having a temperature of (60°C (140°F)
and a relativg¢ humidity of 50 percent.

53 10-Day Moist Ammonia Air Stress Cracking Test

53.1 After heing subjected to the conditions described in 53.2 — 53.4, a\brass part containing more than
15 percent zinc shall show no evidence of cracking when examined using 25X magnification.

Exception: Cracking is not prohibited when the cracking doesynot impact the ability of the product to
comply with the requirements of this standard.

53.2 Each fest sample is to be subjected to the physicalstresses normally imposed on or within a part as
the result of pssembly with other components. Such stresses are to be applied to the sample prior to and
maintained during the test. Samples with threads, intended to be used for installing the proddct in the field,
are to have the threads engaged and tightened\to the torque specified in Table 53.1. Teflon tape or pipe
compounds are not to be used on the threads

Table 53.1
Torque'requirements for threaded connections

Torque
Nominal thread size,\inches N-m (pounds-inches
1 135.6 (1200)
12474 163.8 (1450)
1-1/2 175.1 (1550)
7 T86.4 (1650)
2-1/2 197.7 (1750)
3 203.4 (1800)

53.3 Representative samples are to be degreased and then continuously exposed in a set position for
ten days to a moist ammonia-air mixture maintained in a glass chamber having a glass cover.

53.4 An amount of aqueous ammonia approximately 600 ml per square foot of chamber floor area and
having a specific gravity of 0.94 is to be maintained at the bottom of the glass chamber below the samples.
The samples are to be positioned 38.1 mm (1-1/2 in.) above the aqueous ammonia solution and supported
by an inert tray. The moist ammonia-air mixture in the chamber is to be maintained at atmospheric
pressure and at a temperature of 34°C (93°F).
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53A Elastomeric Parts Test

53A.1 An elastomeric part used to provide a seal shall have the following properties when tested as
specified in the Standard for Gaskets and Seals, UL 157:

a) For silicone rubber (having poly-organo-siloxane as its constituent characteristic), a minimum
tensile strength of 3.4 MPa (500 psi) and a minimum ultimate elongation of 100 percent.

b) For fluoroelastomers, a minimum tensile strength of 6.9 MPa (1000 psi) and a minimum ultimate
elongation of 150 percent.

c) For natural rubber and synthetic rubber other than silicone rubber or fluoroelastomers, a
minimpmtensite-strengthrof-8-3-MPe B6-pst-and-minimumaitimate-etongationof-4+50 percent.

d) Thgse properties relating to maximum tensile set; minimum tensile strength andlelgngation after
oven aging; and hardness after oven aging, all as specified in UL 157. The maximum service
rature used to determine the oven time and temperature for oven‘aging i to be 60°C

).

e) Aftgr exposure to the extinguishing agent as specified in UL 157, aminimum tensile[strength and
minimpm ultimate elongation of 60 percent of the original.

(140°F

53A.2 The $tandard for Gaskets and Seals, UL 157 provides forithe testing of either finished elastomeric
parts or sheeft or slab material. Sheet or slab material is to be tested when the elastomeric|parts are O-
rings having diameters of less than 25.4 mm (1 inch). The material tested is to be the same a$ that used in
the product, regardless of whether finished elastomeric parts or sheet or slab material is testeg.

54 Nameplate Exposure Tests
54.1 There phall be no significant deterioration of the legibility, such as darkening, fogging| or blistering

of a nameplafe upon completion of the exposures specified in 54.2 (b) — (g) as compared tq 54.2(a), nor
shall there be|any cracking or curling at{he’edges.

54.2 Prior t¢ the exposures spetified in (a) — (f), sample pressure-sensitive type nameplajes are to be
applied to tegt surfaces represéntative of the surface employed in the intended application. [Curvature of
this surface i$ to have the minimum radius anticipated in application. Each of the exposure$ specified in
(b) — (f) is to Qe preceded.by-that specified in (a).

a) 72 hat 23.£13C (72 £1.8°F) and 50 +2 percent relative humidity.

b) 24 h.atyminus 54.9 +2°C (minus 65 +3.6°F) or minus 40°C (minus 40°F), depending on intended
use.

c) 6 weeks at 60 +2°C (140+3.6°F) and 97 3 percent relative humidity.
d) 90 days air-oven aging (mechanical convection) 87 +1°C (189 +1.8°F).
e) 720 h in ultraviolet light and water. See 52.3.

f) 48 h immersion in distilled water at 23 +1°C.
55 Nameplate Adhesion Test

55.1 A pressure-sensitive nameplate containing the model number and extinguisher classification shall
have an average adhesion after a 72-h exposure to air at 23 +1°C (73 +£1°F) and 50 12 percent relative
humidity of not less than 1 pound-force per linear inch (0.16 N/linear mm) of nameplate width. Following
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